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SUMMARY: The cutaneous wounds of trunk and tail healing scar-free or with scar were different in lizard species. Full-
thickness cutaneous injuries of tail and bodgahcella tsinlingensiaere examined by histomorphological and immunohistochemistrical
methods. The results showed that all injuries healed without scarring. The process of the wound heatsigliofjensisnvolved
hemostasis, re-epithelialization, proliferation and remodelling, which also could be further subdivided into six stage§-Staae
post wound (dpw), the blood oozed gradually, no obvious wound contraction, minimal blood loss. Stage Il, 2-10 dpw, thedwound be
covered by the fibrin clot of blood, tissue fluid and tissue debris. Stage Ill, 7d-15 dpw, the wrinkled wound epitheliurad wadly g
stratified, and its surface was keratinized and exfoliated. Stage IV, 10-28 dpw, pigment cells were distributed at thebletwadary
epidermis and dermis, with few blood vessels and no granulation tissue formation. Stage V, 20-70 dpw, opaque scaleswouaced the
epithelium with randomly scattered melanophores in the base of the epidermis. Stage VI, 45-135 dpw, the epidermis astbdedmis re
to the thickness of the original skin. Regenerated scales were similar to scales of the uninjured dermis. The positivaimmguiost
matrix metalloproteinases-9, cytokeratin 6, alpha smooth muscle actin, caspase 3 and transforming grd@kliagted the specificity
of healing period and different stages, which participated in skin wounds hea8ngsoflingensis
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INTRODUCTION

Skin is composed of epidermis and dermis in anima)11). Investigation of skin regeneration using various
and humans, which covers the entire surface of the bodgrtebrate models, including lizards, could lead to the
with frequently occurring injuries (Abet al, 2020). Skin realization of scar-free skin regeneration in humans
wound healing involves an overlapping cascade of tissgalibardi & Toni, 2005).
events, i.e., hemostasis, inflammation, proliferation and
remodeling (Jourdaat al, 2019; Korntneet al, 2019). During wound repair, the quantity and quality of
The tissue events of the last three stages determine wheth@r blood vessels formation is imperative for efficient
the wound is scar-free or whether the abnormal healitigsue restoration (Yat al, 2014; Naitcet al, 2020).The
process causes extensive angiogenesis and collagsiibition or acceleration of angiogenesis can suppress the
deposition to form a scar (Poetschke & Gauglitz, 2018pontaneous regenerative response of mice and zebrafish.
Stoicaet al, 2020). In non-amniote vertebrates, the wounGomparative studies of skin regeneration together with the
bed involve a more rapid closure of the wound epitheliungil and body of non-mammalian amniotes is represented
a delay vasculogenesis and collagen deposition withawf the lizard (Alibardi & Toni). Scar-free wound healing
scarring (Peacockt al, 2015; Abeet al). All mammals is not a universal feature of lizard reptiles. Scar-free skin
but a few species are unable to regenerate dermis, and foggeneration is reported in the leopard ge&ub(epharis
a scar after a deep injury (Seifeat al, 2012). Skin maculariug after a deep injury (Peacoek al; Payneet
regeneration of the lizard tail and body has garnered mugh, 2017), while only the tail wound éiolis carolinensis
attention as wound healing models (McLean & Vickaryougan regenerate without scars and produce keratinized scales,

1 Prof., Modern College of Arts and Sciences, Shanxi Normal University, Linfen, Shanxi Province, P.R. China, 041004.
2 School of Life Sciences, Shanxi Normal University, Linfen, Shanxi Province, P.R. China, 041000.

1139



YANG, C.; WANG, X.; ZHANG, H. & LI, L. Scar-free wound healing following full-thickness cutaneous wounding in the tail and tcipcélla tsinlingensisnt. J. Morphol., 39(4)1139-1146, 2021.

but the color of the regenerated skin cannot be restonedersection of the dorsal midline and the hind limbs,
(Wu et al, 2014). Theéscincella tsinlingensjsan endemic respectively. Then, the animals were kept under the same
lizard species to China, can regenerate their tails afimnditions and the healing process was observed.
autotomy (Yanget al, 2021). The studies to investigate
the pattern of expression of markers associated with woulhidsue collectionAfter receiving the full-thickness excision
healing inS. tsinlingensielp to clarify elucidation of the biopsies, the lizards were permitted to heal. At select time
mechanisms underlying the skin regeneration. points (0 dpw, 2 dpw, 7 dpw, 14 dpw, 25 dpw, 45 dpw).
Animals were humanely killed at -20 °C, the tissues from
Matrix metalloproteinases-9 (MMP-9) playbody and tail was fixed in 4 % paraformaldehyde for 1-3
important role in extracellular matrix (ECM) remodelingdays, decalcified for 1-3 days, and changed every 24h. Then,
in a variety of animals. In the early wound healing phasamples were dehydrated with graded alcohols, cleared in
during amphibian regeneration, MMP-9 is upregulated angylenes, embedded in paraffin wax. Sections were cut at 10
act as an important factor to initiate the dedifferentiatiopm on a rotary microtome and stained by hematoxylin-eosin
of the mesenchymal tissues. Activity levels of MMP-9 aréH-E) or Masson's trichrome. The sections were observed
evaluated during tail regeneration Hemidactylus with BX-51 light microscope.
flaviviridis (Pillai et al, 2020). Cytokeratin 6 is produced
in activated reptilian keratinocytes (Alibardi & Toni). Immunohistochemistry. Slides were dewaxed with xylene,
Caspase 3(C3), the effector of the caspase-mediatetlydrated, incubated dark in 3 %0 for 30 minutes at a
apoptotic program, is widely recognized as a definitiveoom temperature, then rinsed three times with PBS (0.1M,
marker of programmed cell death. Elevated levels &fH 7.4), and blocked with 5 % BSA to prevent non-specific
transforming growth factgs3(TGF{33) promote scar-free binding. Sections were incubated with primary antibodies
wound healing (Delormet al, 2012). Alpha smooth muscle overnight at 4 °C. Following primary antibodies and were
actin@-SMA) belongs to the family of the six conservedised: anti rabbit forMMP-9, cytokeratind,SMA, C3 and
actin isoformsa-SMA is essential for the formation of new TGF{33(1:100, Booster). Negative control slides were
blood vessels (Rafét al, 2016) and abundant in vasculareplaced primary antibody with PBS. After rinsing in the
smooth muscle cells (SMCs) (Skadtial, 1989). In light buffer, sections were incubated with biotinylated goat anti-
of this information, localization of MMP-9, cytokeratin 6,mouse/rabbit IgG (1:100, Booster) for 4 h at room
o-SMA, C3 and TGF33 are examined by temperature, subsequently incubated with SABC and
immunohistochemistry after full-thickness cutaneousgisualized using DAB. All pictures were obtained with
wounding in the tail and body &. tsinlingensis Olympus BX-51digital imaging system and conducted by
Photoshop CS6.

MATERIAL AND METHOD
RESULTS

Experimental animal. The S. tsinlingensisvere captured
from the hilly areas of Qiliyu forest in Taiyue Mountain,Stage | (0-2 dpw)During stage I, the trunk and tail wounds
Shanxi, China (110° 412° 21E, 36° 21-36° 45N). showed open wounds, the tissues were exposed, there was
Experiments were carried out according to protocolso obvious bleeding on the surface of the wound at the
approved by animals care guidelines of the Ethicdleginning of the wound. The wound edge collapsed slowly
Committee of Shanxi Normal University. The lizards werand began to contract, the open wound area decreased and
kept in a terrarium with a 14:10 photoperiod, a roornthe wound edge began to appear melanosis, which could be
temperature of 24 °C and an ambient humidity of 40-50 %he initial mechanism to protect the wound surface. Full-
fed with a diet of insects and water in daily. thickness excision cutaneous wounds of the tail and trunk
were confirmed by histology, and sometimes the underlying
Biopsies.All adult individuals of both sexes of the lizardsmuscles were involved (Figs. 1-A and H).The wound of the
were randomly selected as the experimental object. Thal and trunk began to reepithelialize, and the wound
animals were placed at 4 °C for 20 minutes for hypothermapithelium was incomplete and consisted of 1-4 layers of
anesthesia, then laid on pre-cooled culture plate and fulbund or squamous cells on 2 dpw (Figs. 1-D and K). The
thickness excision cutaneous wounds were created usingpéthelial cells stained with H.E were pink and the underlying
1.5 mm disposable biopsy tool (Integra TMMiltex®). Thanuscle tissue was blue-purple (Figs. 1-C and J). Masson's
skin wounds of the trunk and original tail were distributetrichrome showed that the wound epithelium was red, while
along the dorsal midline, 1cm before and after thehe lower muscle tissue was turquoise (Figs. 1-B and ).
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At the end of the stage |, cytokeratin 6 (Figs. 1-Gvere present at the wound (Figs. 1-E and L). Isolated cells
and N) and MMP-9 (Figs. 1-F and M) showedrom the original epidermis and dermis were immunopositive
immunopositive, and the expression of MMP-9 in wounibr C3. No TGFB3 immunopositive cells were observed at
epithelium were strong. a-SMA expressed myofibroblasthis stage.

Body Tail
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Fig. 1. Stage | of the tail and body scar-free wound healiSg tsfnlingensisA and H. Transverse section of the wound area of the body
and the tai; B and I. Higher magnification image of the wound area of the body and the tai, stained with Masson'’s trigmdhe; C
Closer view of the region identified in panel (A) and (H); D and K. Closer view of the region identified in panel (C) &+@ &b L-
N. The body and tail wound areas, stained with a-SMA, MMP-9 and cytokeratin 6 by immunohistochemistry. The Arrows indicate

immunopositive cells. epidermis (e), dermis (d), muscle (m), wound area (w), wound epithelium (we).
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Stage Il (2-10 dpw) During stage Il, blood clots formed Stage Ill (7-15 dpw). During stage Ill, the gross
at the wound bed of the trunk and tail, which gradualiyorphological results showed that the epithelium of trunk and
thickened and covered the wound surface (Figs. 2-A atail wound was wrinkled. The clot of the trunk disappeared,
I). The histological results showed that the woundnd the wound was completely covered with epithelium (Figs.
epithelium began to form beneath the clot and graduaByA). Small round cells accumulated in the matrix of loose
deepened into the clot, and the wound epithelium wéssue, with clear boundaries between undamaged dermis (Figs.
wrinkled evenly (Figs. 2-D and L), and re-3-D). However, the clot of the tail still exists (Fig 3-9 1), the
epithelialization was not completed until the third stag@umber of cells in the wound matrix is less than that of the
Blood clots were easily lost during tissue remodelingtunk, and the extracellular matrix is less (Fig .3-9 L).
indicating poor adhesion to the wound bed and highflammation of the wound site ended at this stage. Wound
melanin content at the wound site. The clots and epithelegithelium began to keratinize and melanin decreased, luteal
cells of the wound stained with H.E were pink and thiayer appeared below epidermis, tail and trunk wound
underlying muscle tissue was blue-purple (Figs. 2-C amgithelium gradually stratified, wound epidermis exfoliated
K). Masson's trichrome showed that the clot and wourdticle (Fig .3-9 D). The H.E. staining results showed that the
epithelium were red and the muscle tissue below it wagfoliated wound epidermis and the cuticle of the wound epi-
turquoise (Figs. 2-J). dermis were pink (Figs. 3-C and K), while Masson's trichrome
showed a mixture of green and red (Figs. 3-B and J).

There were cytokeratin 6 immunopositive cells (Figs.
2-H and P) and MMP-9 immunopositive cells (Figs. 2-G Mesenchymal cells at the wound site were weakly
and O) in the wound epithelium, and—SMA immunopositive for MMP-9(Figs. 3-G and O). The regenerated
immunoreactive myofibroblasts were more abundant thapithelial fibroblasts and perivascular cells were immunopositive for
the first stage stage | (Figs. 2-F and N). C3 immunopositieeSMA (Figs. 3-F and N). The wound epithelial cells maintained
cells were observed at the wound surface (Figs. 2-E and Mytokeratin 6 expression (Figs. 3-H and P). A large number of C3
without TGF3 immunostaining. immunopositive cells were observed in the dermis (Figs. 3-E and M).

1141



YANG, C.; WANG, X.; ZHANG, H. & LI, L. Scar-free wound healing following full-thickness cutaneous wounding in the tail and tcipcélla tsinlingensisnt. J. Morphol., 39(4)1139-1146, 2021.

2 RSt ; = = i = e o > DAY Nz

Fig. 2. Stage Il of the tail and body scar-free wound healir) tfinlingensisExudate clot (cl), regenerated dermis (rd), adipose
tissue (at).

Body Tail

. ~.mcytokeratin 6

Fig. 3. Stage Il of the tail and body scar-free wound healir® tfinlingensisExfoliating wound (ew), epidermis (e), corneous layer
of the wound epidermis (cw), xanthophore layer (x).
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Stage 1V(10-28 dpw)During stage 1V, the caudal and trunkblue and purple, and the regenerated dermis was pink. (Figs.
wounds exposed a smooth and tight wound epitheliusD and K). The H.E. staining or Masson's trichrome staining
without squamous coverage. The caudal clot detached froesults showed extensive escalation and reticular collagen
the wound, showing intact wound epithelium (Figs. 4-H). Aleposition, with low cellularity (Figs. 4-B and I).

exfoliated cuticle was obsemén the wound epidermis of

the tail and trunk cadres (Figs. 4-A and H), and the boundary Immunohistochemical results showed that wound
between the epidermis and the undamaged dermis westhelium was consistently immunopositive for cytokeratin
obvious, thicker than the original epidermis, and the bloasl (Figs. 4-G and N). The wound epithelium with a small
vessels in the regenerated tissue were obvious (Figs. 4-C anenhber of apoptotic C3 positive cells was still MMP-9
J). Pigment cells were observed at the junction of epidermimmunopositive (FigureFigs. 4-F, M). Perivascular cells
and dermis (Figs. 4-D and K). The regenerated horn cortesere still immunopositive fan-SMA (Figs. 4-F and L), but
was yellow and brown, the regenerafeldyer, middle layer myofibroblasts showed negtive. No T@B-positive cells
anda-layer were pink, the regenerated germinal layer wagere observed.

Body Tai |

b it I

the tail and body scar-free wound healirf§) ¢ginlingensisregenerated muscle (rm), regenerated oberhautchen
(rob), regenerated beta layer (rb), regenerated alpha layer (ra), regenerated dermis (rd), regenerated stratum germ)nativum (rs

#ig. 4Stagelv of

Stage V(20-70 dpw).During stage V, the wound epitheliumMMP-9 (Figs. 5-F and M) and TGB3 (Figs. 5-E and L)
keratinizes and begins to form scales. Histological resuligere positive in fibroblasts.

showed that the wound epithelium differentiated and formed

a cuticle (Figs. 5-A and H). The epidermis of regeneratestage VI(45-135 dpw).During Stage VI, the pigmentation
skin was relatively thin and covered by the cuticle (Figs. ®n the wound surface was obvious, and the scales gradually
C and J). The wound epithelium invaginated into a hingddrmed from the front edge of the wound to the inside over
area, which in turn gave rise to scales. The wound epitheliuime. This stage was characterized by complete
of the caudal and trunk showed similar histomorphologgifferentiation of the epidermis, dermis and scales. In the
(Figs. 5-A and D). The interface between the intact dermigunk and tail wounds, the regenerated epidermis and the
and the provisional tissue was not clear (Figs. 5-H). Thendamaged epidermis without obvious boundary (Figs. 6-A
wound epithelium was four to seven cell layers thick (Figand H) were composed of the angular cofiedgyer, middle-

5-D and K). Both H.E. staining and Masson's trichrome d&yer,a-layer, and germinal layer in the same way, and the
wound bed revealed the regenerated horn coptéayer, epidermis folded into a stranded region. The regenerated
middle-layer,a-layer, and the regenerated germinal layedermis was composed of fibroblasts, loose connective tissue,
(Figs. 5-B and I). and collagen (Figs. 6-D and K).

The trunk and tail wounds showed abundant reticular Only the basal layer of regenerated epidermis was
collagen, with low cellularity. Only regenerative epitheliunimmunopositive for cytokeratin 6 (Figs. 6-G and N).
had an immune response to cytokeratin 6 (Figs. 5-G and IR)broblasts from the regenerated skin of the tail and trunk
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were immunopositive to MMP-9 (Figs. 6-F and M) and Tg3~Figs. 6-E and L).

Body Tail

cytokeratin 6

, T T L el I T o
Fig. 5. Stage V of the tail and body scar-free wound healing of S. tsinlingensis. Oberhautchen (ob), regenerated measfs layer (r
regenerated stratum germinativum (rsg), regenerated superficial dermis (rsd), regenerated deep dermis (rdd), cornethes layer of
wound epidermis (cw).
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Fig. 6. Stage VI of the tail and body scar-free wound healing of S. tsinlingensis. regenerated superficial dermis (rsate detpaye
dermis (rdd), regenerated hinge region (rh).a

DISCUSSION

The skin of the trunk and tail 8 tsinlingensisshowed 24 h. There were no signs of infection in the wound sites of
scar-free cutaneous wound healing following full-thicknesthe tail and trunk. Compared with scar healing, caudal and
excisional injury, which was consistent with macularius  trunk wounds were characterized by rapid re-epithelialization,
After wound formation, the caudal wound had less bleedirdglayed collagen deposition and angiogenesis, and no
and was covered by blood clot within 12 h, while the trungranulation tissue formation. Eventually, pigmented scales
cadre had more bleeding and was covered by blood clot withirere formed, and the skin healghout scar (Peacoek al).
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The whole skin ofS. tsinlingensisvas removed as The MMP-9 immunopositive cells in wound
an open wound, which could be quickly closed during thepithelial cellssuggested that MMP-9 involved in the
wound healing process. The wound closure and reemodeling of the extracellular matrix. During stages Il-lll,
epithelialization of the trunk and tail could be completedytokeratin 6 immunopositive keratinocytes were increased,
within 7 dpw, and the closure time of the wound was 7-1the data revealed that the epidermis were differentiating.
dpw due to the large wound surface in the regenerati@uring stages Il-Ill, thea-smooth muscle actin
process of tail severing. The healing time range of this speciesnunopositive myofibroblasts were presented in wound
was roughly the same as that of other lizards. For exampefaces to promote wound close. And then, the neutrophils,
re-epithelialization could be completed within 5 dpw for thenacrophages and fibroblast demonstrated immunoreactivity
body and tail wounds of leopard print keeper, and withifor C3 that can inhibition scare formation. During stages V-
10dpw after tail amputation (Delornes al). The 2 mm x VI, the fibroblast and vascular endothelial cells demonstrated
5mm full-thickness skin biopsy wound of the green anilanmunoreactivity for transforming growth factf8 that
lizard could be re-epithelialized within 7 dpw and healeduggested the transforming growth factor can inhibition
without scar within 45 dpw (Waet al). Wound healing in granulation tissue formation. The expressiorebMA
ectoderms was affected by the external environment awithin the healing wound was similar to that of other
temperature, so its closing rate varied with the experimentalgeneration competent species (Desmouééet, 2005),
environmental conditions (Smittt al, 1988). Therefore, but it was different from that in the leopard geclo (
rapid wound closure was a hallmark of scarless woumdaculariu3, no myofibroblasts were found in the leopard
healing. Although the role of rapid wound closure epitheliugecko E. maculariu3, whereasa-SMA positive
in scarless wound healing was unclear, it provided a referermogofibroblasts were present at the wound site following tail
for reducing scar formation. loss (Peacockt al). Myofibroblasts also secreted abundant

type l and type Il collagen to the wound bad, hence persistent

Dermal repair not only played an important role irmand abundant presence of myofibroblasts led to scar
wound healing, but also contributed to the regeneration frmation. During the healing wound in most mammals,
skin appendages (Driskedit al., 2013). Dermal repair myofibroblasts were continuously and abundantly expressed
involved collagen deposition and fibroblast proliferation. Thé€Desmouliereet al).
experimental results showed that the beginning time of
collagen deposition in the process of scarless healigg of In conclusion, the results of this study showed that
tsinlingensiswas almost the same as that of other scarlet® skin of the trunk and tail B. tsinlingensishowed scar-
species. The collagen content in the skin woun&of free cutaneous wound healing following full-thickness
tsinlingensigncreased further from 14 dpw to 25 dpw. Theexcisional injury. The localization of MMP-9, cytokeratinG,
process of fiber proliferation was similar to that of cicatriciad-SMA, C3 and TGH33 positive cells showed the specificity
wound healing in the African spinyrat (Seifettal). In  of healing period and different stages, and participated in
contrast, fibrosis in mammalian scar wounds began at 3Kin wounds healing @&. tsinlingensis
dpw (Greavest al, 2013). Therefore, early collagen
deposition caused tissue fibrosis to form scar, while delayed
collagen deposition led to scarless wound healing. ACKNOWLEDGEMENTS
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made white blood cells secrete protease to decompose ¢ otg
and extracellular matrix, and promoted cell division and RESUMEN: En las diferentes especies de lagartos las he-
migration. The deposition of ECM began during stage Il dfidas cutaneas del tronco y la cola sin cicatrices, o con algin tipo
wound healing irs. tsinlingensiswhich was consistent with de cicatriz son diversas. En este estudio se examinaron las heridas
other scarless healing species. cutadneas de espesor total de la cola y el cuerp8cieella
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