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ABSTRACT. Some genes had a role in the tissue regeneration process. We suggested Wnt-5a and Sonic 

Hedgehog (Shh) had a role in the tissue regeneration process of digit tip mice after amputation. The genes 

play a role in the proliferation, migration, differentiation, and morphogenesis of cells in the regeneration 

of injured tissue. The purpose of this study was to analyze the expression of these genes in the process of 

tissue regeneration of mice digit tip. The study used 28 male mice, we amputated the phalanges 3rd of 

digit tip mice, and we analyzed be tissue morphology, gene, and protein expression on day 0, day 1, day 

3, day 5, day 10, day 15, and day 25 after amputation. The results of digit tip mice amputated showed a 

tissue regeneration process at the 3rd phalanges. Organ growth became intact again on day 25. The result 

demonstrated that Wnt-5a and Shh expression were dynamic during regeneration of digit tip mice. The 

results of the statistical analysis test showed that the expression of the Wnt-5a and Shh genes by qPCR 

and ELISA test showed significantly different expressions on each treatment day with the one-way 

ANOVA test (p < 0.05). The results of gene and protein expression graphs show dynamic expressions in 

each phase of tissue regeneration. We suggested that they had a role in each phase of tissue regeneration. 

When the Wnt-5a gene expression is high, there is an active process of cell proliferation and migration, 

and when Shh gene expression increases, Wnt-5a gene expression decreases as if there is an alternation 

of both gene expressions. When the Shh gene expression increases, the cells carry out the process of tissue 

morphogenesis so that the tissue forms again. 
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INTRODUCTION 

Research on tissue regeneration is still in development to find the right therapy for adult 

organisms that were injured or amputated organs (Guedelhoefer & Alvarado, 2012). Research on 

gene expression that plays a role in the tissue regeneration process is a way to develop therapy in 

amputated organs. The tissue regeneration process includes a 4-step process that requires the activity 

of different genes and proteins at each stage (Udalamaththa et al., 2016; Joven & Simon, 2018). The 

stages of this regeneration process determine an organism's ability to regenerate tissue to restore its 

injured or amputated tissue. The first stage in the tissue regeneration process is the inflammatory 

stage. At this inflammatory stage, genes, proteins, and white blood cells had a play a role in 

overcoming the inflammatory state (Petrova & Joyner, 2014). The next stage is granulation, cell 

migration, and proliferation, replacing damaged cells and forming new cells. Genes and cells that are 
expressed in the wound healing phase are thought to be an attempt by the tissue to heal wounds. The 

third stage is the regeneration phase in which cells proliferate to form new tissue. The last stage is the 

maturation stage undergoes a morphogenesis process to form adult tissue to replace amputated or 

injured tissue (Hutchins et al., 2014; Dawson et al., 2016). 

The tissue regeneration process is very complicated because it involves various genes, proteins, 

cells, and molecules (Miller et al., 2019). Among them, some genes that have a role in the tissue 

regeneration process are the Wnt-5a and the Sonic Hedgehog (Shh) gene (Iriana et al., 2021). The 

genes have a role proliferation, migration, and differentiation of cells to form new tissues. Wnt-5a 

https://creativecommons.org/licenses/by/4.0/
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protein is in embryonic development, cell proliferation, and cell differentiation process and even plays 

a role in cancer cells proliferation. The signaling of the Wnt-5a molecule is currently still studied 

intensively to describe the signaling mechanism in physiological and pathological therapeutic to 

achieve the development of appropriate therapeutic strategies (Rishikaysh et al., 2014; Lozito & 

Tuan, 2016).  

Wnt-5a protein is involved in the formation of the lungs, heart, and mammary organs. Wnt-5a 

also plays a role in regulating stem cell renewal, osteogenesis, and tissue regeneration. Wnt encodes 

short-range secreted signaling molecules that regulate cell fate, adhesion, shape, proliferation, 

differentiation, motility, and development of various organ systems. Wnt-5a may play a role in 

modulating cell fate determination and stem cell differentiation (Gauron et al., 2013; Mastelaro de 

Rezende et al., 2020). 

In line with its role in stem cell morphogenesis and differentiation, Wnt-5a is involved in tissue 

repair and regeneration after injury. A study demonstrated strong induction of Wnt-5a-positive 

mesenchymal cells after intestinal injury localized to the wound bed (Stulberg et al., 2012). The 

presence of Wnt-5a provides demarcation of areas of regenerating proliferation through potentiation 

of TGF-b signaling allows fine-tuning of proper wound regeneration and healing. Increased amounts 

of Wnt-5a in lung tissue from a mouse model of acute respiratory distress syndrome may be a repair 

response of damaged lungs to cope with injury. High Wnt-5a expression can stimulate Hh expression  

(Kumawat & Gosens, 2016).  

The Hedgehog (Hh) signaling pathway is complex. The Hh gene involves many regulatory 

proteins. Invertebrates, three Hh homologs have been identified: Sonic Hh (Shh), Indian Hh (Ihh), 

and desert Hh (Dhh) (Iwakura et al., 2013). All three Hh ligands activate the same signal transduction 

pathway but regulate different organ systems. The Shh gene expresses in the central nervous system, 

lungs, teeth, intestines, and hair follicles. In adult mouse satellite cells, HH signaling continues to 

function as a contributing factor in survival and proliferation. Interestingly, upregulation in Shh and 

Ptch1 transcription has also been detected in fully differentiated mature muscle upon regeneration 

induction after ischemic injury (Mizukoshi et al., 2016; Ding & Wang, 2017). The results of the 

research by Miller et. Al. (2019) showed the role of Shh in the regeneration of the digit tip mice until 

the process was complete. 

The study's purpose was to obtain an accurate description of the expression of Wnt-5a and Shh 

genes at the phase so that the stimulation of the gene expression can be carried out in organs that have 

limited regeneration ability.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

 

MATERIALS AND METHODS 

Sample of research. We got a research ethics permit from the Esa Unggul University Research 

Ethics Council with the license number was 0118-19.109/DPKE-KEP/FINAL-EA/UEU/V/2019. The 

study used 28 Mus musculus var. Swiss Webster as research objects, mice are eight weeks old, and 

the weight is 20 grams. The number of mice was by the Federer formula. The mice were grouped into 

the control group (which was not amputated) and the amputated treatment group with 6 treatment 

days. Each group consisted of 4 mice. We obtained the mice from the Research and Development 

Department of the Indonesian Ministry of Health laboratory. The mice were maintained and treated 

by laboratory staff from the Department of Research and Development, Ministry of Health of the 

Republic of Indonesia. The mouse cage is a plastic tub measuring 15 x 30 cm and height is 10 cm, 

which is covered with perforated wire. The cage is lined with fine sawdust, which is easy to change 

every 3 days. Drinking water is provided using a glass drinking bottle that can be sucked in at any 

time. The mice feed was in the form of pellets containing 10% protein, 3% fat, 8% fiber and 12% 

water content. Feed is stored at a temperature of 15-16o C and stored for a maximum of 4-6 weeks 

after the packaging is opened. 

We anesthetized the mice using ketamine/xylazine (K, 100 mg/kg; X, 10 mg/kg) at a dose of 0.5 

g/kg BW, and mice digit tip were amputated at 3rd phalanges using microdissection scissors (FST 
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15003-0). Amputation of the 3rd phalanges or terminal phalanges of the mouse digit tip can stimulate 

tissue regeneration ((Lehoczky et al., 2011; Miller et. al. 2019). We analyzed the tissue regeneration 

after growth on day 0 (4 hours after amputation), 1, 3, 5, 10, 15, and 25 days after amputation by 

qPCR analysis, histology, and Elisa assay. Treatment days are determined based on the beginning 

and end of each phase of the tissue regeneration process. Mice that had regenerated tissue after 

amputation anesthetized by ketamine/xylazine (K, 100 mg/kg; X, 10 mg/kg) at a dose of 0.5 g/kg 

BW. The regenerated tissue of mice digit tip was crosswise cutting in the 3rd phalanges. The tissue 

for the histological assay was put into a 10% formalin solution, the tissue for the qPCR test put into 

the RNA-ase solution, and the tissue for the ELISA test put in a cool box. All samples were obtained 

at the laboratory for analysis.  

Histology. The study made the histological samples using hematoxylin eosin (HE) staining. 

Histological preparation was stained with Hematoxylin Eosin (HE) staining and histochemistry: 

formalin 10%; 70% alcohol; alcohol 80%; alcohol 95%; and 100% alcohol; xylol; paraffin block; 

hematoxylin-eosin.  

qPCR mRNA analysis. The study used an extraction RNA kit from Sigma Aldrich (gene-lute 

extraction kit RNA) to extracted RNA from tissue regenerated samples. Study do amplification the 

Wnt-5a and Shh genes by the qPCR kit test (SensiFAST™ SYBR® No-ROX One-Step Kit) that we 

have designed the primary DNA of the two genes. We used Bio-Rad real-time machine qPCR to 

analyze the qPCR assays of samples. The analysis includes the steps of DNA synthesis, Reverse 

transcriptase inactivation, and DNA band propagation for 40 cycles by PCR machine with annealing 

temperature at 570C for Shh and Wnt-5a genes, and 55 0C for 18S rRNA gene, followed by the melting 

curve stage.  We used the 18s rRNA gene as the reference gene. The negative control used nuclease-

free water instead of RNA to exclude false-positive results. The qRT-PCR test results in efficiency 

values and Cycle Threshold (CT). The analysis of gene expression was assessed by relative 

quantification so that the relative levels of mRNA expression using the Livak method. We designed 

DNA primer by BLAST and multiple alignment method. We used Primer3 software to get the pick 

primer. 
DNA Primer of Wnt-5a gene of Mus musculus var. Swiss Webster  

Forward: AGTGTCATGGAGTGTCTGGC  

Reverse: CGGACTGGGGTCGATGTAGA  

DNA Primer of Shh gene of Mus musculus var. Swiss Webster  

Forward: TTGGCCATCTCTGTGATGAA  

Reverse: CCACGGAGTTCTCTGCTTTC  

The qPCR procedure was as follows: DNA synthesis for 5 min, temperature 420C; Reverse 

transcriptase inactivation 2-5 minutes, temperature 950C; PCR cycles carried out 40 for 10 seconds 

at a temperature of 950C; 30 seconds at a temperature of 570C for the Wnt-5a and Shh genes, then the 

melting curve stage for one minute at a temperature of 950C, one minute at a temperature of 550C, 10 

seconds at a temperature of 550C.  

ELISA test. We used mouse monoclonal antibody Wnt-5a (Santa Cruz, CA; sc-365370), Mouse 
monoclonal antibody Shh (Santa Cruz, CA; sc- 365112), and the biotin unconjugated Mouse 

monoclonal anti-mouse Wnt-5a or anti-mouse Shh purchased from Santa Cruz Biotechnology. We 

obtained the Peroxidase conjugated affinity-purified from Santa Cruz, Streptavidin-peroxidase from 

Sigma, polyethylene glycol (PEG) polymers from Sigma, and Washing buffer was Hank's balanced 

salt solution (HBSS+) with Ca2+ and Mg2+ supplemented with 1% bovine serum albumin (BSA) from 

Sigma. The binding buffer adds 5% PEG and HBSS+ on the trip plate has high Binding from Greiner 

Bio-One. A direct binding ELISA was used to determine the binding of the Wnt-5a antibodies to the 

96 wells plates. In brief, 50 μL solutions containing anti-human Wnt-5a or anti-mouse Wnt-5a were 

added to 96 wells plates and incubated overnight at 4°C. The next day, the 96 wells plates were 

washed twice and blocked with washing buffer. The wells were treated with a 50 μL solution 

containing enzyme-linked antibody (HRP conjugated F(ab')2 donkey anti-rabbit IgG or donkey anti-
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goat IgG at 4 μg/mL) for 30 min at 400C and then washed multiple times with washing buffer. After 

washing, the wells treated by buffer was 200 μL, incubate the wells in the dark at four degrees 

overnight. We determined the absorbance (OD 450 nm) of the enzyme-substrate reaction solution at 

different time points (15, 30, 45, 60, and 120 min). We diluted the Wnt-5a and enzyme-linked 

secondary antibodies in the HBSS solution and washed them with a buffer. We performed every 

treatment in Duplo wells (Dorn et al., 2016). 

Statistical analysis. We used the Kolmogorov-Smirnov test for statistical analysis to test for the 

normality of semi-quantitative data for the expression of Shh and Wnt-5a genes and proteins. We use 

the Kolmogorov-Smirnov test for Statistical analysis for data normality test. One-way ANOVA with 

Tukey-Kramer for multiple comparisons test was applied to evaluate the statistical significance 

among different treatments on day 0, day 1, 3, 5, 10, 15, and day 25 after amputation. We used A 

Student's t-test for evaluated the significance data between the two treatments. In both tests, the results 

are p < 0,05 was considered significant. 

 

RESULTS AND DISCUSSION 

The growth of digit tips mice was slow from day 0 to day 10 (Fig.1. A-E), after day 10 (Fig.1. 

F-G), the growth of digit tip mice shows relatively fast. On day 15, Nail growth appeared to be more 

intact than the previous day (Fig.1.F). On day 25, the digit tip mice looked normal again (Fig.1. 

G). Amputation of the 3rd phalanges or terminal phalanges of the mouse digit tip can stimulate tissue 

regeneration. The regeneration capacity of the 1st and 2nd phalanges of the digit tip mice is very 

limited (Lehoczky et al., 2011). 

 

 

  
Fig. 1. Morphology of toe growth of mice after amputation (A) on day 0; (B) on the 1st day, the growth of the wound 

closure at the base of the 3rd phalanges appears; (C) on day 3, nail growth begins to appear; (D) the 5th day of nail growth 

which was not much different from the 3rd day; (E) 10th day of longer nail growth; (F) day 15 the growth of the nail fast 

relatively; and (G) day 25 of nail growth as before amputation of the 3rd phalanges. Red line showed the amputated area. 

Black arrow showed wound closure, and yellow arrow show the nail (H) and (I) control 

 

Histological analysis. Histological showed the cell activity in the amputated tissue area of digit 

tip mice from days 1-25 (Fig. 2). On day 1, there was an area of the wound on the nail tissue and the 

phalange 3rd. On day 3, the epithelial covered the wound area on the surface of the nail tissue. The 

connective tissue appears as if pressing the growth of nail tissue so that the tissue in the 3rd phalanges 

H I 
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grows complexly on day 10. On days 15 and 25, the 3rd phalanges and nail tissue grew complete and 

intact, resembling normal tissue before amputation. 

On day 1, this tissue due to the amputation wound bleeding amputation. The marker of bleeding 

tissue is the spread of red blood cells spread in the tissue. The tissue bleeding is the spread of red 

blood cells near the amputation area (Fig. 3.A). There has been inflammation at these phases as white 

blood cell identical to inflammation. Connective tissue continues to grow due to the proliferation and 

differentiation of cells in the tissue on day 3 (Fig.3. B-C).  

                                                             

 

                                                                         
                                                     

Fig. 2. Histological picture of digit tip mice from days 1-25 showed the tissue regeneration process in the amputated 

tissue area. (A) On day 1, the nail tissue (N) and the 3rd phalange tissue (P3) were showed the wound area. The 3rd 

phalange tissue (P3) is adjacent to the Connective tissue (Ct) and the nail root (NR). The 2nd phalanges tissue (P2) was 

intact; (B). on day 3, epithelial begins to cover the wound area on Nail tissue. The connective tissue (Ct) begins to grow; 

(C) on day 5, Ct and NR tissues begin to grow and push the nail; (D) on day 10, seen from the front, the histology of nail 

tissue is growing and complex, the area of Ct is expanding, P3 tissue is growing beside N and forming an epidermal layer; 

(E) day 15, seen from the front, the growth of N has expanded to beat the P3 network; (F) on day 25, the front view of 

the amputated toe tissue returned to normal tissue, with a proximal N arrangement, supported by Ct and P3. HE staining. 

Magnified 100 X (          bar 1 mm). 

 

 

 

NR 

NR 

NR 

NR 

NR 
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Fig. 3. Cell activity in the nail root tissue and connective tissue day 1 to day 5; (A) Red blood cells leak out of vessels 

(yellow arrows) in adipose-rich (white arrows) connective tissue on the first day after amputation and the ; (B) the growth 

of digit tip mice on the third day after amputation and shows progenitor cell proliferation (black arrow); (C) The 

connective tissue shows the presence of fibroblast-like cells (blue arrows), chondroblast cells (red arrows); and some of 

cells (black arrows) in basal lamina which will form new nail tissue; (D) New blood vessel (yellow arrow) on day 5, after 

amputation. HE staining. (Magnification 400 X)(bar              1 um). 

 

The initial phase of tissue regeneration begins with the inflammatory as the initial phase of tissue 

in overcoming wounds. In the wound area in the digit tip mice, inflammation occurs is characterized 

by the presence of white blood cells in the wound area (Fig. 3). The inflammatory phase is 

accompanied and continued by the stages of cell proliferation and differentiation. In Fig. 3, the 

connective tissue shows the activity of cells that actively proliferate and differentiate into chondrocyte 

cells to form nail tissue.  

The growth of mice digit tip from day 0 (4 hours after amputation) showed slow growth until day 

5 (Fig 4). In this phase, cells actively proliferate and differentiate (Fig. 3), even no new tissue has yet 

formed, so the digit tip mice growth in this phase is still slow. Recent studies on mice digit tip 

regeneration using genetic tracing and single-cell transcriptomic profiling have shown that mice digit 

tip blastema is heterogeneous and consists of many different cell types. These cell types include 

endothelial and lymphatic endothelial cells, vascular smooth muscle cells, pericytes, Schwann cells, 

macrophages, neutrophils, T cells, monocytes, pre-osteoclasts and various types of mesenchymal 

cells including osteoblasts (Storer & Miller, 2020). The elegant study conducted by Takeo and 

colleagues demonstrated that early signaling of the Wnt gene in the nail epidermis of mice is required 

for nail stem cell differentiation under homeostatic conditions and is equally important for 

mesenchymal responses during regeneration (Takeo et al., 2013).  

 

 
Fig. 4. The graph of mice digit tip growth (cm) from day 0 until day 25 after amputation. 

 



Novianti et al.                                                                                                                Biogenesis: Jurnal Ilmiah Biologi 72 

0 10 20 30

0

20

40

60

XY: Entering replicate data

day

Wnt-5a

Shh

Control

 
 

Fig. 5. Gene expression from the qPCR assays showed Shh gene expression at the beginning of autotomy showed a low 

and increased expression on day 15 and slightly decreased on day 25 while Wnt-5a gene expression began to increase on 

the first day and reached its peak on the tenth day and decreased until day 2. 

 

qPCR analysis. The results of the qPCR analysis of the Shh and Wnt-5a genes showed the 

different expression dynamics from each treatment day (Fig. 5). The expression of the Wnt-5a gene 

reached its peak on day 5. After day 5, Wnt-5a expression began to decrease. At the same time on the 

day, 5 Shh gene expression started to increase and reached its peak on day 15. At the same time, the 

Wnt-5a gene decreased drastically. On day 25, their expression decreased relatively, Shh gene 

expression was still relatively high, while Wnt-5a gene expression decreased significantly and was 

lower than control. The expression of Wnt-5a and Shh genes is different for every growth day, using 

the one-way ANOVA test (p < 0,05) (Table 1). 

 
Table 1. One-way ANOVA Test Wnt-5a and Shh genes expression by q-PCR test 

  Sum of 

Squares 

df Mean squares f Sig 

Wnt-5a Between groups 4103.415 6 683.903 39.423 .000 

 Within groups 121.436 7 17.384   

 Total 4224.651 13    

Shh Between groups 1553.028 6 258.838 42.472 .000 

 Within groups 42.660 7 6.094   

 Total 1595.688 13    

 

ELISA Test. Expression of Wnt-5a and Shh protein by ELISA test showed the differences in the 

expression on each day of tissue growth after amputation. Wnt-5a protein was not expressed yet on 

day 0, but on day 1, Wnt-5a expression was higher than Shh and beta-actin expression. Wnt-5a protein 

expression started to increase from day 1 until day 3 and reached its peak on day 5. After day 5, 

protein expression decreased until day 25 (Fig. 6). 

Shh protein expression increased somewhat slowly compared to Wnt-5a protein. The Shh protein 

expression on day 1 increased slightly, the expression of Shh protein slowly increased until it reached 

its peak on day 15, expression decreased slightly on day 25. Using analytical statistics (one-way 

ANOVA), the expression of Wnt-5a and Shh protein is different for every growth day (p < 0,05) 

(Table 2). 
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Table 2. One-way ANOVA Test Wnt-5a and Shh protein expression by ELISA 

  Sum of 

Squares 

df Mean squares f Sig 

Wnt-5a Between groups .293 6 .049 6.113 .016 

 Within groups .056 7 .008   

 Total .349 13    

Shh Between groups .369 6 .061 1.813 .025 

 Within groups .204 7 .034   

 Total .573 13    

 

The expression of Wnt-5a genes and proteins in this phase begins to increase, and Wnt-5a has a 

role in overcoming inflammation in the wound area. Wnt-5a signaling abnormalities are associated 

with several human pathologies such as cancer, fibrosis, and inflammation (Kumawat & Gosens, 

2016; Dorn et al., 2016). However, IL1-β as the inflammatory process in the area inflammation will 

stimulate the increase of Wnt-5a in myofibroblasts, endothelial cells, and chondrocytes (Rishikaysh 

et al., 2014). 

The high expression of Wnt-5a genes and proteins in this phrase indicates the role of these genes 

and proteins in proliferation and differentiation cells in the tissue regeneration process of digit tip 

mice. According to Kumawat & Gosens (2016), Wnt-5a predominantly activates b-catenin signaling 

to relay its diverse cellular effects such as cell polarity, migration, proliferation, cell survival, and 

immunomodulation (Kumawat & Gosens, 2016). Expression of the Shh gene and protein in this phase 

is relatively low because the Shh has a role in tissue morphogenesis (Muthu et al., 2019). 

The peak of the Wnt-5a gene and protein expression occurred on day 5, the increased cell 

proliferation and differentiation so that the growth of nail and connective tissue appeared to be more 

widespread. Wnt-5a protein may also play a role in the developing endothelium and increasing the 

formation of new blood vessels that will support cell proliferation and differentiation (Lovett-Barr et 

al., 2012; Hutchins et al., 2014). It has shown a large number of blood vessel formations (Fig.3.D). 

The high expression of the Wnt-5a gene and protein indicates its role in forming new blood vessels 

(Baarsma et al., 2017; Mastelaro de Rezende et al., 2020). 

On day 5, the Wnt-5a gene and protein expression increased, the Shh gene and protein expression 

increased. Wnt-5a expression is stimulating the expression of Wnt/β catenin pathway feedback 

regulating Hh activity through transcriptional regulation of GLI3 (Vitulo et al., 2017). GLI3 is known 

to be a transcriptional repressor of the Hh signaling pathway in the absence of ligand stimulation 

(Lingappan & Savani, 2020).  

After day 10, tissue regeneration in the toes of the mice showed significant growth. 

Morphologically, the tissue regeneration of the organ shows a significant rapid growth of nail tissue. 

In this phase, connective tissue formed the elongated nail tissue. Epidermal tissue starts to cover the 

phalanges tissue (injury area) (see Fig. 3.B). In this phase, the organ of digit tip mice grows complexly 

and becomes a tissue-like normal. The effect of the dynamics of Wnt-5a and Shh proteins expression 

is regulation of the tissue regeneration process. Hh signaling limits Wnt activity that the Wnt pathway 

regulates Hh activity via transcriptional regulation conserver (Lee et al., 2016). The reciprocal 

inhibition between the Hh and Wnt signaling pathways the balance between cell proliferation and 

differentiation (Ding & Wang, 2017; Herman et al., 2018).  

 
. 

 



Novianti et al.                                                                                                                Biogenesis: Jurnal Ilmiah Biologi 74 

P
ro

te
in

 
q

u
a
n

ti
ta

ti
v
e
 

E
L

IS
A

 a
s
s
a
y
  

 

0 10 20 30

0.0

0.5

1.0

1.5

2.0

XY: Entering replicate data

day

beta-actin

Shh

Wnt-5a

 
Fig. 6. Expression dynamics of Shh and Wnt-5a proteins. Beta-actin protein as the control. Wnt-5a protein expression 

increased significantly from day 0 until it reached its peak on day 5, and the expression decreased until day 25. Shh protein 

expression increased slowly and reached its peak on day 15 when Wnt-5a protein expression decreased. The b-actin 

protein expression as positive control showed stability. 

 

Pharmacological research has revealed the integration between Hh and Wnt signaling through 

active and inhibitory drugs (Maimets et al., 2022). The Hh pathway acts upstream of Wnt to inhibit 

Wnt signaling activation; However, Wnt activation may salvage suppressive Hh signaling in 

regulating amphibian and chick limb regeneration (Moura et al., 2014; Mescher, 2017). A synergistic 

interaction reported that Ihh signaling is active in the early stages of osteoblast maturation during 

fracture repair. The synergic upregulated Wnt signaling in differentiated osteoblasts. Further studies 

have shown that deletion of the motor protein of the kinesin in the dental mesenchyme results in Hh 

suppression and Wnt activation, which affects the development of incisors and molars. This discovery 

may reveal a link between the two signaling pathways at the gene level (Rishikaysh et al., 2014; 

Lingappan & Savani, 2020).  

In mice injury, Shh expression in basal cells is activated and induces increased Wnt protein 

expression in stromal cells. Increased activity of these signaling circuits may help prevent the further 

spread of infection and stimulate the restoration of urothelial and stromal cells. This finding 

demonstrates an interaction between the Hh and Wnt signaling pathways (Willert & Nusse, 2012; 

Ding & Wang, 2017). We suggested that organisms require an appropriate balance of these signaling 

pathways to control proliferation and differentiation.  

Enhanced Shh signaling will limit canonical Wnt signaling in the lambdoidal region by 

promoting the expression of genes encoding Wnt inhibitors, which are involved in cleft lip 

development. Further studies have shown that Wnt signaling may be a downstream pathway of Hh 

signaling. However, the Wnt gene is also a target of Shh in several developmental systems and is 

consistent with these observations. Wnt-5a expression in developing hair follicles requires Shh. These 

results suggest that Wnt-5a may mediate some of the effects of Shh in hair follicle morphogenesis, a 

hypothesis supported by the fact that Wnt-5a and Shh can regulate proliferation. Homozygous Wnt-

5a knock-out exhibit perinatal mortality mice, mainly due to respiratory failure, exhibit extensive 

developmental abnormalities (Kumawat & Gosens, 2016; Ward et al., 2016). 

In the morphological development of digit tip mice, it appears after the 10th day is increasingly 

complex to form various tissues. On day 10, the Shh gene and protein expression increased sharply, 

the Wnt-5a gene and protein expression decreased until day 25. The process indicates that Shh has a 

role in the tissue morphogenesis process and the formation of intact organs. Rishikaysh et. al. (2014) 

observed that deletion of Wnt-10b, the only Wnt ligand we found expressed during fungiform papillae 

formation, caused similar effects on Shh expression and fungiform papillae formation as did the Lef1 
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null mutation. Thus, the deletion of Lef1- or Wnt-10b dependent Wnt/b-catenin signaling severely 

diminishes the size and (eventually) the number of fungiform papillae and decreases the expression 

of Shh in fungiform papillae (Rishikaysh et al., 2014). On day 25, the expression of the Shh gene and 

protein began to decrease. The Shh expression is lower than the Wnt-5a expression. Because of the 

role of Shh decrease in the tissue morphology, the digit tip mice tissue is complete and returns to 

normal tissue again. 

 

CONCLUSION 

In the early phase of the tissue regeneration process of mice digit tip, cell proliferation and cell 

migration occurred, along with the high expression of the Wnt-5a gene in that phase. After cell 

proliferation, followed by cell morphology processes at the same Shh gene expression reached its 

peak. We suggested that Wnt-5a and Shh have a role in this process. The dynamics of gene and protein 

expression of Wnt-5a and Shh in the process of tissue regeneration coincided with the process of 

proliferation, cell migration, and cell morphogenesis in post-amputation digit tip mice. 
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