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Abstract

Tail regeneration is a distinguishing feature of lizards; however, the mechanisms underlying tail regeneration remain elu-
sive. Prostaglandin E2 (PGE2) is an arachidonic acid metabolite that has been extensively investigated in the inflammatory
response under both physiological and pathological conditions. PGE2 also act as a regulator of hematopoietic stem cell
homeostasis by interacting with Wnt signaling molecules. The present study aims to identify the effects of PGE2 on tail
regeneration and the molecular mechanisms behind it. We initially found that PGE2 levels increased during the early stages
of tail regeneration, accompanied by the up-regulated expression of cyclooxygenase 1 and cyclooxygenase 2. Next, we dem-
onstrated that reduced PGE2 production leads to the retardation of tail regeneration. Subsequent experiments demonstrated
that this effect is likely mediated by Wnt signaling, which proposing that the activation of the Wnt pathway is essential for
the initiation of regeneration. The results showed that inhibition of PGE2 production could suppress Wnt activation and
inhibit the proliferation of both epithelial and blastema cells. Furthermore, our findings indicated that forced activation of
Wht signaling could rescue the inhibitory effect of Cox antagonist on regeneration, suggesting a positive role of PGE2 on

tail regeneration via a non-inflammatory mechanism.
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Introduction

Appendage regeneration is common in lower vertebrates,
such as fish and amphibians (Alibardi 2018; Tanaka 2016).
Among amniotes (reptiles and mammals), some lizards are
capable of voluntarily shedding their tails to escape preda-
tion and subsequently regenerating a new tail, even though
it is not a complete replica of the original one (Alibardi
2018; Simpson 1968; Zika 1969). Appendage regeneration
involves a sequence of events involving wound healing, blas-
tema formation, and the proliferation and differentiation of
regenerated tissues, ultimately leading to the restoration of
lost appendages (Jacyniak et al. 2017; Tanaka 2016). The
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cellular and molecular mechanisms underlying the initiation
and progression of regeneration have been extensively inves-
tigated in zebrafish and axolotl (Haas and Whited 2017; Pfef-
ferli and Jazwinska 2015). However, studies on regeneration
in lizards are comparatively rare, which is partially due to
the difficulty of genetic manipulation in reptiles. However,
as an amniote model for regeneration, the mechanistic study
of tail regeneration in lizards can not be ignored because
lizard tail regeneration could be more closely related to
regeneration in mammals. The morphologies of the initia-
tion and progression stages of regeneration in reptiles have
been reported in various species, including Anolis carolin-
ensis (Zika 1969), Eublepharis macularius (Delorme et al.
2012; McLean and Vickaryous 2011), Podarcis muralis
(Alibardi 2014), and Gekko japonicus (Zhou et al. 2013).
Certain signaling molecules, such as TGF-beta, have also
been implicated in wound healing in the leopard gecko (E.
macularius) (Gilbert et al. 2016; Subramaniam et al. 2018).
However, the cellular and molecular processes responsible
for regeneration in reptiles remain elusive.

In the present study, we focused on investigating tail
regeneration in G. japonicus. In our previous studies,
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we constructed the cDNA library (Liu et al. 2006) and
sequenced the whole genome of G. japonicus (Liu et al.
2015). The comparative genomic analysis revealed specific
genes that are undergoing positive selection for tail regen-
eration in G. japonicus and are thus likely to be important
in tail regeneration. Prostaglandin endoperoxide synthase
1 (PTGS1), also known as cyclooxygenase 1 (COX1), has
been proposed to be under positive selection. Prostaglan-
dins are lipid-based bioactive molecules converted from
arachidonic acid (AA) (Kawahara et al. 2015). COX is the
key enzyme responsible for prostaglandin synthesis. Pros-
taglandin E2 (PGE2) is the most abundantly produced AA
metabolite that has been extensively investigated in inflam-
mation response. PGE2 is previously reported to be involved
in acute inflammation as well as inflammatory immune
diseases via eliciting vascular permeability, facilitating
Helper T cells 1(Th1) differentiation and Helper T cells 17
(Th17) expansion (Kawahara et al. 2015). In recent years,
PGE?2 is also implicated in the regeneration of multiple tis-
sues (Goessling et al. 2009; Tsujii et al. 1993; Zhang et al.
2015). The inhibition of prostaglandin-degrading enzyme
15-hydroxyprostaglandin dehydrogenase (15-PGDH) sig-
nificantly potentiates tissue regeneration in multiple organs
and strikingly points to the crucial role of PGE2 in regenera-
tion. Sharma et al. reported the effect of PGE2 on the tail
regeneration in Northern House gecko via COX inhibition
(Sharma and Suresh 2008). However, the downstream tar-
gets of PGE2, and the mechanism underlying its observed
effects have not been described.

In the present study, we first verified the effect of PGE2
on tail regeneration in G. japonicus. Furthermore, we inves-
tigated the potential signaling pathway involved in COX
inhibition. Goessling et al. reported that PGE2 could alter
Wnt-mediated regulation during hematopoietic stem cell
(HSC) formation by inducing changes in -catenin levels
(Goessling et al. 2009). A study in Hemidactylus flaviviridis
proposed that inhibition of cyclooxygenase-2 alters expres-
sion levels of some Wnt ligands in the regenerating tail
(Buch et al. 2017). The Wnt pathway is the core signaling
pathway involved in the initiation and progression of epi-
morphic regeneration processes, including fin regeneration
in zebrafish, limb regeneration in axolotl (Kawakami et al.
2006) and tail regeneration in lizard (Vitulo et al. 2017).
Therefore, we investigated whether PGE2 could modulate
Whnt activation and affect tail regeneration in gecko.

Materials and methods
Animal treatment and tissue collection

Adult G. japonicus were housed in an air-conditioned room
with controlled temperature (22-25 °C) and freely fed with
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mealworms and water in cages. All experimental protocols
pertinent to the animals were given prior approval by the
Laboratory Animal Care and Use Committee of the Nan-
tong University. The tail autotomy of adult G. japonicus was
performed according to previously published methods (Jiang
et al. 2009). Briefly, caudatomy was conducted by inserting
a nylon slipknot at the site of the sixth tail segment while
pulling gently to mimic the conditions of autotomy in the
natural environment of these lizards.

To evaluate the effects of activation or inhibition of
Wnt pathway on tail regeneration, the N2-(2-(4-(2,4-
dichlorophenyl)-5-(1H-imidazol-1-yl) pyrimidin-2-ylamino)
ethyl)-5-nitropyridine-2,6-diamine (CHIR-98014) and
inhibitor of Wnt production-4 (IWP-4) were applied respec-
tively. Indomethacin was applied to evaluate the effect of
COX inhibition on tail regeneration. CHIR-98014, IWP-4
and indomethacin were dissolved in 5% dimethylsulphoxide
(DMSO) saline solution as stock solution. The concentration
of stock solution of CHIR-98014, IWP-4 and indometha-
cin were 1 mM, 400 pM and 1 mM respectively. For the
animal treatment, 50 pL stock solution of relevant reagents
were injected intraperitoneally every 2 days. Control experi-
ments were performed according to the same protocol with
an equivalent amount of vehicle. To label the population of
mitotically active cells in tail regenerates, 20 pL. of 20 mM
Brdu (5-bromo-2'-deoxyuridine, B5002, Sigma) diluted in
phosphate-buffered saline (PBS) was injected intraperito-
neally for 2 days before harvesting the regenerating tails.
The harvested tails were fixed in 4% paraformaldehyde, and
then dehydrated in a 10-30% sucrose gradient in PBS before
being cut into 12-pm-thick slices. The Brdu labelled cells
were counted and compared between the slices from the con-
trol and treated samples.

liquid chromatograph mass spectrometer (LC-MS)
analysis

The PGE2 level in regenerated tails were determined at
0 day, 3 days, 7 days and 14 days post autotomy. For sample
preparation, 0.2 cm tail tissue rostral to the plane of autot-
omy together with the regenerated tissue were collected
for each gecko. To analyze the PGE2 level in each sample,
30 mg of tissue was added to a 400 pL mixture containing
methanol and water (4/1, v/v, containing 0.01 mol/L butyl-
ated hydroxytoluene). Thereafter, the samples were ultrason-
icated in ice water and centrifuged at 13,000 rpm at 4 °C for
15 min. Afterwards 200 pL of the supernatant was used for
LC-MS analysis. The Waters Xevo® TQ-S mass spectrome-
try (MS) system with Waters ACQUITYTM UPLC chroma-
tographic instrument control was used for the measurements.
MassLynx4.1 (Waters Corporation, Milford, USA) software
was used for data collection and analysis. The temperature of
the Thermo Scientific Hypersil GOLD (2.1 mm X 100 mm,



Journal of Molecular Histology (2019) 50:551-562

553

1.9 um) column was maintained at 40 °C, and separation was
achieved using the following gradient: 70-70% B over 0 to
4 min, where A is 0.1% (v/v) formic acid aqueous solution
and B is methanol (B). Multiple reaction monitoring (MRM)
transition data were analyzed using MassLynx4.1 (Waters
Corporation, Milford, USA) software using the default
parameters. The standard curves were generated using a
template based on the dilutions of PGE2 in methanol solu-
tion (1 mg/mL).

Western blotting

The COX1 and COX2 level in regenerated tails were deter-
mined at 0 day, 3 days, 7 days and 14 days post autotomy.
The LEF1 and B-catenin level upon indomethacin treatment
were evaluated at 14 days post autotomy. For sample prepa-
ration, 0.2 cm tail tissue rostral to the plane of autotomy
together with the regenerated tissue were collected for each
gecko. Total proteins from the regenerating tails were sepa-
rated by sodium dodecyl sulfate—polyacrylamide gel elec-
trophoresis (SDS-PAGE). The proteins were then trans-
ferred onto a polyvinylidene fluoride (PVDF) membrane
and incubated separately with the following primary anti-
bodies: COX1 (1:1000, ab13319, Abcam), COX2 (1:400,
12282, CST), LEF1 (1:250, HPA002087, Atlas Antibodies),
and P-catenin (1:2500, ab32572, Abcam). f-actin (1:2000,
60008-1-Ig, Proteintech) was used as an internal control.
Afterwards, the membranes were incubated with horseradish
peroxidase-conjugated secondary antibody, goat anti-rabbit
IgG, or goat anti-mouse IgG at 25 °C for 2 h. The bands
were visualized using chemiluminescence.

Hematoxylin—eosin (HE) staining

For hematoxylin and eosin (H&E) staining, the sliced tails
were treated with HE staining kit (Solarbio, G1120). The
slices were briefly rinsed with deionized water (ddH,O,
2 min), stained with Mayer’s hematoxylin (3 min), and sub-
sequently rinsed in running water (5 min) and 0.5% concen-
trated HC1 in 75% ethanol for 30 s. After washing in water
for 30 min, the samples were stained in eosin (30 s) and
subsequently dehydrated with 95% ethanol (1 min). Prior
to overslipping, Samples were washed thrice with absolute
ethanol (1 min each) and washed thrice with xylene (5 min
each).

Immunofluorescence assay

Samples were permeabilized with 1% Triton X-100 and
subsequently blocked with 10% bovine serum albumin in
PBS. Afterwards, samples were incubated overnight at
4 °C with primary antibodies rabbit anti-catenin (1:200,
ab32572, Abcam) or mouse anti-Brdu (1:200, 5292, Cell

Signaling Technology). For detection of Brdu-labeled
cells, samples were incubated in 1.2 M HCL in PBS for
20 min at 37 °C and rinsed in 0.02 M sodium tetra borate
for 10 min at 25 °C before being permeabilized. The lizard
tail slices were incubated with secondary antibodies goat
anti-rabbit IgG (FITC) or goat anti-mouse (cy3) for 2 h
at 25 °C. All samples were counterstained with Hoechst
(Byotime biotechnology). Signals were visualized using
fluorescent microscopy (Zeiss) or confocal microscopy
(Leica).

Results

Early regeneration after tail autotomy in Gekko
japonicus

Tail regeneration is a well-known phenomenon in lizards,
and the morphological changes involved have been exten-
sively characterized for various species, such as A. carolin-
ensis, Podarcis sicula, and E. macularius. The gross view
of the regenerated tail of G. japonicus is similar to that
of A. carolinensis and E. macularius (McLean and Vick-
aryous 2011), and we defined the early stage of regenera-
tion based on the variations in the morphological features
(Fig. 1). Stage I (~ O to 6 days) is the earliest stage and
comprises sequential occurred events, including bleeding,
exposure of autotomized vertebra, retraction of adjacent
tissues, formation of exudate clot, and proliferation of epi-
thelium. To distinguish the regeneration process in a sim-
ple manner, we termed this stage based on the presence of
a featured scab while ignoring other more complex events
(Fig. 1a, b). Stage II (~ 7 to 11 days) was a period of rapid
increase in cell population that begins with detachment of
scab (Fig. 1c), subsequent exposure of the epithelium, and
the formation of a dome-shaped regenerated tail (Fig. 1d).
The length of regenerated tail is also an important index
of regeneration stage, and length was normalized by the
ratio of length to the diameter of amputation plane of tail
in individual gecko. In stage II, normalized length is less
than 0.5. Stage III (~ 12 to 16 days) is marked by a dome-
shaped tail (normalized length is greater than 0.5 and less
than 1) as showed in Fig. le, f. We categorized the early
period of regeneration into three stages with the aim of
documenting and analyzing the regeneration state in a
simple manner through gross observation of the regener-
ated tails under normal conditions or following specific
treatments. However, the changes in the wound epithelium
and the blastema are more complicated than the events
involved in the stage categorization. Actually, the wound
epithelium continues to proliferate and subsequently thick-
ens during these stages as denoted in Fig. 1g—j.
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stage 11 10d

Fig.1 The early stage of regeneration after tail autotomy in G.
Japonicus. a—f Six individuals were used for the tail autotomy. The
gross view and morphological observation were applied to define
the stage of regeneration. The early periods of regeneration were cat-
egorized into three stages. a, b Stage I (~0 to 6 days) is character-
ized by the presence of a covered scab. ¢, d Stage II (~7 to 11 days)
is defined based on the normalized length of regenerated tail. The
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PEG2 levels are up regulated during the early stage
of tail regeneration

PGE2 has been described to augment the regeneration of
multiple tissues by facilitating the expansion of several
types of tissue stem cells. Tail regeneration is a process that
accompanies rapid expansion of stem/progenitor cells (Ho
et al. 2017; Truntipakorn et al. 2017). In this study, we asked
whether PGE2 is involved in tail regeneration in gecko. We
first evaluated PGE2 levels at 0, 3, 7, and 14 days after tail
amputation. Results showed that PGE2 levels continuously
increased and peaked at 14 days (Fig. 2a), which proposed
PGE2 might be a vital molecule for the tail regeneration
for gecko. We further detected the expression level of
cyclooxygenase (COX) that is essential for PGE2 produc-
tion. Cyclooxygenase has two isoforms, namely, COX1 and
COX2, also known as prostaglandin-endoperoxide synthase
(PTGS), which are responsible for the synthesis of pros-
tanoids. Both the expression levels of COX1 and COX2
evaluated in intact and regenerated tail tissues. Usually, the
COX1 is constitutive isoform in tissues and the COX2 is
inducible isoform upon stimulus. However, the results of
western blotting showed that COX1 and COX2 were both
present in the intact and regenerated tail. After tail autotomy,
both the expression levels of two isoforms were elevated
during regeneration (Fig. 2b—d). COX1 level was continually
increased, while the COX2 increased dramatically at 3 days
and maintained a high level in the rest time. The expression
of COX1 and COX2 after tail autotomy were also reported in
another species H. flaviviridis (Buch et al. 2018). The results
highlighted potential effect of PGE2 on wound healing and
blastema formation.

COX inhibition decreased PGE2 levels and inhibited
tail regeneration

To evaluate the effects of PGE2 levels on the regeneration
process, we attenuated PGE2 production by limiting the
enzyme required for the synthesis of prostaglandin and
further observed whether regeneration was affected. The
exogenous administration of indomethacin, an inhibitor
of both COX-1 and COX-2, dramatically reduced PGE2
levels in the regenerated tissues (Fig. 3b), and delayed the
progression of regeneration (Fig. 3c) as expected. In con-
trol group, the number of geckos progressed into stage I,
IT and IIT were 3, 4 and 22 out of 29 individuals at 14 days
after tail autotomy, while the number in stage I, II and
III after indomethacin treatment were 18, 8 and 2 out of
28 individuals (Fig. 3c). These data indicated a positive
role of PGE2 on regeneration. PGE2 is a well-known mol-
ecule to promote inflammatory response, while our previ-
ous study has revealed that the inflammation of regener-
ated tissues after tail autotomy is limited in gecko (Dong

et al. 2013). Therefore, the continually increased PGE2
might have alternative pathway to regulated regeneration.
The robust proliferation of epithelial and blastema cells
is a prominent feature during the early stages of regen-
eration. We evaluated whether PGE2 contributed to cell
proliferation during tail regeneration. Results of the Brdu
incorporation assay at 14 days post autotomy revealed
that indomethacin administration (Fig. 3h—j) significantly
reduced the number of Brdu-labeled cells in both epithelial
and blastema cells compared with that in control (DMSO)
group (Fig. 3e—g), indicating that PGE2 is essential for the
rapid cell expansion during the early stage of regeneration.

Whnt activation is essential for tail regeneration
in geckos

We further aimed to identify the molecular mechanism
behind the positive effects of PEG2 production on the
regeneration process. The Wnt signaling pathway has
been reported to be able to interact with PGE2 signaling
molecules to regulate the developmental specification and
repopulation of hematopoietic stem cells (Goessling et al.
2009). Wnt is a core signaling molecule for the regenera-
tion of multiple tissues, including appendage regeneration
in zebrafish, limb regeneration of axolotl (Kawakami et al.
2006; Wehner and Weidinger 2015) and tail regeneration
in lizard (Vitulo et al. 2017; Hutchins et al. 2014). Then,
we investigated whether Wnt pathway is activated during
regeneration and whether the activation is essential for tail
regeneration in geckos. We first detected the f-catenin signal
in the regenerated tissues. The p-catenin accumulation and
nuclear translocation are required for the activation of clas-
sical Wnt pathway. The results showed that -catenin signal
could be observed at 10 days post autotomy (Fig. 4a—c), and
the nuclear localized f-catenin was also observed (Fig. 4c),
which indicated that f-catenin dependent classical Wnt
pathway was activated during regeneration. Then, we fur-
ther applied IWP-4, a potent Wnt antagonist (Chen et al.
2009) to the geckos and evaluated the effect of IWP-4 on
tail regeneration at 10 days after tail autotomy. The results
demonstrated that IWP-4 treatment notably hampered the
regeneration process (Fig. 4d) supporting the point that Wnt
activation is essential for tail regeneration in G. japonicus.
We further detected whether the IWP-4 treatment decreased
the p-catenin levels after tail autotomy. The data showed
that IWP-4 treatment significantly reduced p-catenin level
during regeneration.

COX inhibition attenuated Wnt activation
during regeneration

PGE2 signal is crucial for tail regeneration. However, the
mechanisms through which PGE2 affects regeneration
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Fig.2 PEG2 levels were up regulated during the early stage of tail
regeneration. a PGE2 level were determined at O day, 3 days, 7 days
and 14 days post autotomy by LC-MS analysis, and six individuals
were used for each time point. PGE2 levels continuously increased
and reached the peak levels at 14 days. b—d The expression level of
COX1 and COX2, which are responsible for the synthesis of PGE2

remain elusive. The Wnt pathway is a potential target for
PGE2 regulation, which indicated in the study of regenera-
tion of hematopoietic stem cells (Goessling et al. 2009). We
had performed a COX inhibition assay and found that regen-
eration delayed upon COX treatment. We further investigated
whether Wnt signaling activation responded to indomethacin
treatment. Results of immunofluorescence assay showed that
the pB-catenin signals significantly reduced in epithelial cells
relative to the control cells at 14 days after tail autotomy
(Fig. 5a—f). Furthermore, results of the western blot assay at
the same time point revealed that f-catenin levels were also
decreased in these cells (Fig. 5g, 1). In addition, the expres-
sion levels of lymphoid enhancer-binding factor 1 (LEF1),
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precursor were determined by Western blotting at 0 day, 3 days,
7 days and 14 days post autotomy. Three individuals were used for
each time point. The results showed that the expression of both COX1
and COX2 were up-regulated in regenerated tail tissues. Data were
analyzed by ANOVA, *p<0.05, **p<0.01, ***p<0.001 versus con-
trol

a downstream transcription factor responding to -catenin
dependent Wnt pathway, was also reduced upon indometha-
cin treatment (Fig. 5h, j), suggesting that Wnt pathway acti-
vation was significantly inhibited when COX activity was
blocked. Our findings indicated that the positive effects of
PGE?2 on tail regeneration are likely mediated by p-catenin
dependent Wnt pathway. To verify the above hypothesis, we
tested whether the forced activation of Wnt could attenuate
COX inhibition-induced delay in regeneration. CHIR-98104
is a specific GSK3p inhibitor that can increase f-catenin
and activate the classical Wnt pathway (Moore et al. 2013).
We, therefore, evaluated the regeneration state of the con-
trol, indomethacin, and indomethacin + CHIR-98104 groups
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«Fig.4 Whnt activation is essential for tail regeneration. a, ¢ f-catenin
accumulation and nuclear translocation were observed at 10 days
post autotomy. The wounding epithelium (WE) was defined as the
area between dashed line and full line. The arrowhead indicated the
nuclear location of B-catenin. B was the enlarged view of a, and ¢ was
the enlarged view of b. d IWP-4 (inhibitor of Wnt signaling pathway)
was used to determine the effect of Wnt signal on tail regeneration.
The regeneration stage were observed at 10 days after autotomy. In
control (DMSO) group, nine were in stage I and 25 were progressed
in stage II, while in IWP-4 group, 25 were in stage I and 8 were in
stage II. The results showed that exogenous administration of indo-
methacin hampered tail regeneration. Data were analyzed by X2 test.
**p<0.01 versus control. e—j Significant accumulation of B-catenin
in the wound epithelium (WE) was observed at 10 days after tail
autotomy, and the f-catenin level reduced after IWP-4 treatment. f
and i were enlarged view of e and h, g and j were enlarged view of
fandi

at 14 days post autotomy. In control group, the number of
geckos progressed into stage I, IT and III were 3, 7 and 19
out of 29 individuals at 14 days after tail autotomy. However,
the number in stage I, II and III after indomethacin treat-
ment were 14, 12 and 5 out of 31 individuals. The treatment
of Wnt agonist successfully rescued the COX inhibition-
induced delay in regeneration, led to the number of geckos
in stage I, IT and III as 5, 6 and 21 respectively, indicating
the important role of the PGE2-Wnt signaling axis in G.
Jjaponicus tail regeneration (Fig. 5k).

Discussion

PGE2 was previously considered as a lipid signaling mol-
ecule that could mediate inflammatory responses under
physiological and pathological conditions (Kawahara et al.
2015). In recent years, PGE2 was also reported to act as a
mediator for potentiating regeneration in multiple tissues
of mice (Zhang et al. 2015). The stimulatory role of PGE2
in regeneration was also proposed in tail regeneration of H.
flaviviridis (Sharma and Suresh 2008; Buch et al. 2017). The
present study revealed that PGE2 was essential for the tail
regeneration of G. japonicus, and the underlying mechanism
might be associated with the interaction between PGE2 and
the molecules of Wnt pathway during tail regeneration.
PGE2 is converted from PGH, which is synthesized by
COX-1 or COX-2, COX1 is ubiquitously expressed, and
COX2 is usually regarded as an injury-induced enzyme
for prostaglandin synthesis. The current findings revealed
that COX1 and COX2 levels were both up regulated fol-
lowing tail autotomy, indicating an increased PGE2 levels
was maintained during the wound re-epithelia and blastema
formation. The administration of exogenous PGE2 has been
shown to facilitate the wound healing response by stimu-
lating epithelial cell migration (Carolina et al. 2018). Our
study demonstrated that PGE2 promoted the proliferation of
wound epithelium and blastema cells, which is an important

finding of the molecular mechanisms underlying append-
age regeneration. Given that the PGE2 receptors includes
EP1, EP2, EP3, and EP4, the expression profiles of these
receptors in cell type-specific resolution should be verified to
shed light on the cellular mechanisms underlying regenera-
tion. Although PGE2 is the most abundant AA metabolite,
there is the alternative possibility that other AA metabolites,
such as PGI2, PGF2, and PGD2 (Smith et al. 1991), could
additionally play specific roles in regeneration. The inhibi-
tion of COX activity could decrease not only PGE2 levels,
but also the levels of the other AA metabolites. Therefore, a
pertinent metabolomics investigation on the AA metabolite
is an interesting topic for future work.

The Wnt pathway is a core signaling axis for develop-
ment and regeneration, and the essential roles of the Wnt
pathway are elicited in the regeneration of zebrafish fins,
axolotl limbs and lizard tail. Hutchins et.al reported the dif-
ferentially expressed genes of Wnt pathway in the 25 dpa
regenerating tail of A. carolinensis (Hutchins et al. 2014). A
comparative transcriptomes analysis of the regenerating tail
vs. the scarring limb in P. muralis further revealed that Wnt
signals including Wnt6, Wnt10 were exclusively up regu-
lated in regenerating tail while not in scarring limb (Vitulo
et al. 2017). In addition, a study for the tail regeneration
of P. muralis indicated that Wntl is present in the apical
region of the blastema and around the regenerating spinal
cord (Alibardi 2017). Here, we report that Wnt activation
is also a critical signal for tail regeneration in gecko, and
that Wnt activation was inhibited following indomethacin
treatment. More importantly, the indomethacin-mediated
retardation of regeneration could be rescued by treatment
of Wnt agonist, suggesting an interaction between PGE2 and
the Wnt pathway in tail regeneration. The detailed molecular
mechanism underlying this interaction was not revealed in
present work. An earlier study in stem cells showed that
PGE2 could modulate the Wnt pathway by altering the cellu-
lar levels of B-catenin (Castellone et al. 2005). In our study,
B-catenin signals presented in both epithelial and blastema
cells, and a significant accumulation of -catenin signal was
observed in keratinocytes. However, most BrdU positive
cells were basal epidermal cells and suprabasal keratino-
cytes, which showed relative weak p-catenin signal. This
observation is similar with that in fin regeneration of zebra
fish. Their results showed that Wnt signaling in the nonpro-
liferative distal blastema is required for cell proliferation
in the proximal blastema (Wehner et al. 2014). The beta-
catenin immune-staining in regenerating lizard epidermis
and scales were previously described in A. carolinensis (Wu
et al. 2014). Their finding for the localization of B-catenin
and BrdU signals in regenerated tail at 15 days after autot-
omy were consistent with that of our data. These data indi-
cated a sophisticated role of Wnt signals in regenerated tis-
sues. A more meticulous expression profile with detailed
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«Fig.5 COX inhibition attenuated Wnt activation during regeneration.
a—f fB-catenin signals were detected in regenerated tail after treatment
of indomethacin by immuofluorescence assay. p-catenin were pre-
sented in both the wound epithelium (WE) and blastema, and the sig-
nal significantly reduced in the epithelial cells of indomethacin (Indo)
group relative to those in the control (DMSO) group at 14 days after
tail autotomy. The WE was defined as the area between dashed line
and full line. b and e were enlarged view of a and e, ¢ and f were
enlarged view of b and e. g—j To further investigate the effect of COX
inhibition on Wnt pathway, the -catenin and LEF1 levels were inves-
tigated after indomethacin treatmen by Western blot assay at 14 days
after tail autotomy. The results revealed that both f-catenin and
LEF1were down-regulated following COX inhibition. Data were ana-
lyzed by Student’s ¢ test. ¥*p <0.01 versus control. k To test whether
the forced activation of Wnt pathway could rescue the retard of
regeneration mediated by COX inhibition, CHIR-98104 was applied
together with the indomethacin treatment. The number of geckos used
in control (DMSO), indomethacin (Indo) and rescue (CHIR+Indo)
group were 29, 31 and 32 respectively, and the regeneration stage
was analyzed at 14 days after tail autotomy. The results showed that
CHIR-98104 successfully rescued COX inhibition-induced delay in
regeneration. Data were analyzed by x2 test. ¥*p<0.001 versus con-
trol

spatial and temporal information on the Wnt activated cells
could improve our understanding of the basic principles and
pathways underlying caudal regeneration.
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