Naturalistae 28: 1-5 (Feb. 2024)

© 2024 by Okayama University of Science, PDF downloadable at http://www1.ous.ac.jp/garden/

| Original paper |

Ear wound regeneration in the Arabian spiny mouse
(Acomys dimidiatus)

Akiko OYAKE' & Kazuyuki MEKADA"

Abstract: Skin shedding, skin wound regeneration, and extensive ear punch closure have been re-
ported in three Acomys rodent species (4. cahirinus, A. kempi, and A. percivali) commonly known as
African spiny mice. In this study, we examined the regenerative ability of 4. dimidiatus, the Arabian
spiny mouse. A 2 mm diameter punch hole was created in the proximal and distal parts of the pinna
and observed for up to 35 days. That in the proximal region almost completely closed, and extensive
elastic cartilage, adipose tissue, dermis, epidermis, and hair follicles appeared in the repaired area.
More rapid skin regeneration was observed closer to the trunk. The punch hole in the distal part did
not reach complete closure during the observation period. However, regeneration was observed in the
repaired area as well as in the proximal part. These results corroborate the presence of regenerative
capabilities of 4. dimidiatus and indicate that Acomys species may be useful model animals for regen-

eration studies.

I. Introduction

Regeneration, the capacity to structurally
and functionally restore damaged tissues and
organs, has been observed in many taxonomic
groups, including amphibians, crustaceans, and
fish (Alvarado 2000, Brockes & Kumar 2005,
Slack et al. 2008). However, there are few re-
ports of regeneration in mammals, which show
a greater tendency toward tissue repair with
fibrous scarring than regeneration (Clark 1996).
Regeneration has been confirmed in mammalian
fetuses and the MRL/MpJ mouse strain, but these
abilities are typically temporary or non-innate
(Beare et al. 2006, Larson et al. 2010, Gawriluk
et al. 2016). Notably, high regeneration ability
was recently demonstrated in African spiny mice
(Acomys), including A. cahirinus (Cairo spiny
mice), 4. kempi (Kemps spiny mice), and 4.
percivali (Percival’s spiny mice) (Seifert et al.
2012, Matias Santos et al. 2016). These species
were found to regenerate wound-defective skin
tissue without undergoing the usual scarring or
loss of function after fibrosis. Thus, these animals
may be useful models for analyzing the cellular
and molecular signals that control regeneration
(Gaire et al. 2021).

Acomys cahirinus is the major spiny mouse
species currently maintained and used as an
experimental animal (Haughton et al. 2016).
Acomys dimidiatus (the Arabian spiny mouse
or eastern spiny mouse), which exists from
southwestern Asia to northeastern Africa, is also
maintained in laboratory colonies in Japan and
Switzerland (Montandon et al. 2014, Mochida

& Mekada 2017, Mekada et al. 2021). Because
A. dimidiatus is a sister species to A. cahirinus
(Kunze et al. 1999, Volobouev et al. 2007, Frynta
et al. 2010, Mochida & Mekada 2017), it is ex-
pected to have the same regenerative ability as 4.
cahirinus. However, no detailed characterization
of A. dimidiatus has been conducted to date.
Therefore, we investigated the skin regenerative
ability of A. dimidiatus by gross and histologi-
cal observations of the temporal changes in the
wound site of pinna tissue.

I1. Materials and Methods

This study involved male and female (non-preg-
nant) of A. dimidiatus (Aco strain) (Mochida &
Mekada 2017) and Mus musculus (BLAB/cCrSlc
mice strain, purchased from Japan SLC, Inc.,
Hamamatsu, Japan) from the Department of
Zoology, Faculty of Science, Okayama Univer-
sity of Science. The animals were housed at a
room temperature of 24°C and light/dark period
of 12/12 h. They were fed commercial pellets
(Labo MR breeder; Nihon Nosan Kogyo. Co.,
Yokohama, Japan), and both food and water were
provided ad libitum. All animal experiments were
conducted in accordance with the Regulations for
Animal Experiments of the Okayama University
of Science. All experimental protocols, including
those involving animals (Exp2020-004), were
approved by Animal Experiments Committee of
the University.

Under isoflurane inhalation anesthesia, a 2
mm diameter ear punch was used to create punch
holes in the proximal part of the right pinna
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(closer to the trunk) and the distal part of the left
pinna (farther from the trunk), avoiding major
ear vessels and resulting in minimal bleeding.
The mice were divided into two groups according
to the starting age of treatment: 3 weeks (W3
group) and 9 weeks (W9 group). After treatment,
the animals were euthanized every 7 days until
day 35, at which time the pinna tissues were col-
lected. In total, 40 mice were used (8 [4 females
and 4 males] in each group at each collection
time point). The collected pinna fragments were
subjected to histopathological analysis after the
status of the wound was observed under a ste-
reomicroscope and digital images were acquired.
The area of the wound site was measured using
Imagel] software (National Institutes of Health,
Bethesda, MD, USA).

The ear samples were fixed in 4% paraformal-
dehyde overnight, dehydrated in a graded ethanol
series and embedded in paraffin wax. Transverse
microtome sections with a thickness of 4 um
were deparaffinized in xylene and rehydrated in
a graded ethanol series. A commercial Masson’s
trichrome staining kit (Muto Pure Chemicals Co.,
Ltd., Tokyo, Japan) was used to stain the sections,
which were then were rinsed, dehydrated, and
mounted.
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II1. Results

The A. dimidiatus and M. musculus mice used
in this study included both females and males, but
no statistically significant differences in the area
of the ear punch holes were found between the
sexes at each sampling time point (Brunner-Mun-
zel Test, P> 0.05). Because a previous study of 4.
cahirinus showed differences between the sexes
(Matias Santos et al. 2016), we used a combined
value in this study.

In the proximal pinna of 4. dimidiatus, a rapid
decrease in the wound area was observed between
days 7 and 35 after punching treatment in both
the W3 and W9 groups (proximal part in Figs. 1
and 2). The median wound area on day 7 was 3.1
and 3.2 mm? in the W3 and W9 groups, respec-
tively, indicating the beginning of wound repair
in both groups. On day 14 after treatment, the
median wound area was 1.5 and 1.8 mm? in the
W3 and W9 groups, respectively, and new skin
formation was observed proximal to the wound
in both groups. On day 21 after treatment, the
median area was much smaller in the W3 group
(0.0 mm?), and complete closure of the wound
was observed in five of the eight animals. In
the W9 group, the median wound area was 0.1

Mus

Wi

Med [eysia

5.0 1

Hole area (mm?2)

4.0 A

3.0 A

2.0 A

1.0 A1

T A

0.0 A1

:

#+t.l; '

ued [ewixoid

Age group
] ws
[ wo

D7 D14 D21 D28 D35

D7

D14 D21 D28 D35

Fig. 1. Scatter boxplots of ear punch hole area (by proximal and distal parts) from day 7 (D7) to day 35 (D35) in Acomys dimidiatus
and Mus musculus (BALB/c) of the W3 group versus W9 group.
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Fig. 2. Representative images of ear punch closure along timeline from day 7 (D7) to day 35 (D35) in Acomys dimidiatus versus Mus musclus
(BALB/c) of W3 group. The distal-proximal axis is shown vertically with distal (D) at the top and proximal (P) at the bottom for all panels. The
arrowhead indicates necrotic skin tissue. Scale bar = 1 mm.
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Fig. 3. Representative histological sections of Acomys dimidiatus and Mus musculus (BALB/c) of W3 group, stained with Masson’s trichrome
stain. Acomys dimidiatus on (a) at day 7 (D7), (b) day 14 (D14), (c) day 12 (D12), (d) day 28 (D28), and (e) day 35 (D35). (f) M. musculus on
day 35 (D35). Arrowheads indicate thickened epidermis (yellow), hair follicles (pink), muscle (green), and cartilage (black). Vertical dotted lines
indicate the original plane of wounding (identified by the presence of mature cartilage). The distal-proximal axis is shown horizontally with distal
(D) to the right and proximal (P) to the left for all panels. Scale bar = 0.3 mm.
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mm?, and complete closure of the wound was
observed in two of the eight animals. On day 35
after treatment, the median wound area was 0.0
mm? in both the W3 and W9 groups, resulting in
a nearly closed wound area in both groups.

In the distal pinna of 4. dimidiatus, the wound
area tended to gradually decrease between days 7
and 35 after treatment in both groups (distal part
in Figs. 1 and 2). The median wound area on day
7 after treatment was 4.1 and 3.5 mm? in the W3
and W9 groups, respectively, and necrotic skin
tissue was observed at the edges of the wounds in
all mice of the W9 group. The median wound area
on day 14 after treatment was 4.2 and 4.2 mm?
in the W3 and W9 groups, respectively, and the
beginning of wound repair was observed in the
W3 group. On day 21 after treatment, the median
wound area was 3.3 and 3.9 mm? in the W3 and
WO groups, respectively, and new skin formation
was observed on the proximal side of the wound
in the W3 group. At day 35 after treatment, the
median wound area was 2.9 and 3.4 mm? in the
W3 and W9 groups, respectively, and closure
of the wound from the proximal to distal side
was observed in all 4. dimidiatus animals. In M.
musculus animals, both the proximal and distal
pinnae showed a decrease in the wound area in
the W3 and W9 groups, but complete closure of
the area was not observed during the study.

In the W3 group, the wound in the proximal
pinna of 4. dimidiatus, showed re-epithelializa-
tion by day 7 after ear punch treatment, below
which a mass of loosely packed tissue was ob-
served (Fig. 3a). By day 14 post-treatment, the
distance between the original wound surface and
the wound boundary had increased (Fig. 3b). On
day 21, the formation of elastic cartilage extend-
ing from the pinna cartilage beyond the wound
surface and the formation of hair follicles were
observed (Fig. 3¢). On days 28 and 35, more
hair follicles as well as muscle formation were
observed. Extensive growth of elastic cartilage
was present in the regenerated area (Fig. 3d,
e). The recovery of the wound area of the distal
pinna of 4. dimidiatus in the W3 group and the
proximal and distal pinnae in the W9 group ex-
hibited changes similar to these (data not shown).
Although some epidermal regeneration was also
observed at the wound sites of M. musculus by
day 35 (data not shown), no complicated struc-
tural change such as those seen in 4. dimidiatus
were observed on day 35 (Fig. 3f).

I'V. Discussion
In previous studies of ear punch regeneration in

A. cahirinus and A. kempi treated with ear punch-
es twice the size of those of the present study (4

mm in diameter), the punch holes completely
closed within 2 months, and histologic exam-
ination showed extensive formation of elastic
cartilage, adipose tissue, dermis, epidermis, and
hair follicles at the site of repair (Gawriluk et al.
2016, Matias Santos et al. 2016). In the present
study, complete closure of the proximal pinna
wound was observed in most A. dimidiatus mice
(Figs. 1 and 2). The regenerated auricular injury
site exhibited epidermis, hair follicles, elastic
cartilage, and muscle, and the tissue structure
resembled that of the normal skin (Fig. 3). Hence,
A. dimidiatus, like previously reported Acomys
species, was found to have the ability to recon-
struct skin wounds structurally and functionally.

Although regeneration occurred in the wound-
ed area of the distal pinna of A. dimidiatus,
complete closure of the wound was not observed
during the study period (35 days). The regen-
erative process progressed from the proximal
to distal side of the wound hole, suggesting a
greater regenerative capacity closer to the trunk.
In experiments involving A. cahirinus, in which
punch procedures were performed in the middle
of the auricle without distal-proximal distinction,
skin regeneration progressed from the proximal
to the distal side of the wound (Matias Santos et
al. 2016). Although no studies to date have per-
formed quantitative measurement of the expres-
sion profiles of genes noted during regeneration
of Acomys species, studies of laboratory mice
have shown that calpain in neovascular vessels
promotes wound healing and tissue formation
(Miyazaki et al. 2018). Because blood vessels are
more abundant closer to the trunk, the presence
of blood vessels may have influenced the large
difference in regenerative capacity between the
proximal and distal locations in the present study,
with wounds in more vascularized locations hav-
ing greater regenerative capacity. The wound area
reduction tended to be faster when the animals
were injured at 3 weeks of age (W3 group) than
at 9 weeks (W9 group), but the difference was
slight. We would not expect a significant differ-
ence in regenerative capacity over this age range.

This analysis revealed that 4. dimidiatus has
the ability to structurally and functionally re-
construct skin wounds. Acomys cahirinus and
the present A. dimidiatus colonies were raised
as experimental animal strains, facilitating a
comparative biological research approach using
both species. We expected that Acomys species
will become an even more useful model animal
in the field of regeneration research.
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AEBEF-BINENZ:7SET M TUR (Acomys
dimidiatus ) DEMMEEDBE

L3 )

TIVHNT I AELT—RINTHIS 1D Acomys 1T
J&9 %A. cahirinus, A. kempi BEA. percivali D 3 Fii
DEWHITBNT, RIEORLTE, KEDOHAE, L#Hx
ENMBAENHRESNTWS. AL TIE, FH4 OFET
HBA. dimidiatus DFERE) ZRRGEE Lz, B OIThr
7R NLIEALEICE LS 2 mm DO/ FIREBRT =N
NUAZISHMEETRFFRICEREZLIZEIA, L
DI FIRILITITTTRITEND, BETALITIT R
WoE, IR, HE2, KK, BODLRHMHITERIN
7o WACERICBIL T, A TOBILMIRI T, T8
IRPASHE TIEES Mo 72, [FERIZ S O EDE]
RINTz. TNEDRERIL, A. dimidiatus DFAEBE %
HFF2HDTHY, Acomys BOIHFEMILDOET IVE
MELTEISITFEHSINAREHD THAHIEZIRLIZ.
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