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ABSTRACT 

Some genes play a role in the tissue regeneration process and they have specific functions. One of them is the 

platelet-derived growth factors (PDGF) gene that have a role in the wound healing process because it induces 

cell mitosis and thereby causes cell proliferation. PDGF protein expression is thought to chemotactically recruit 

many cell types including smooth muscle, fibroblasts, and monocytes to migrate to the wound site. These 

research aims are to analyze the role of PDGF gene expression in the process of digit tip mice tissue 

regeneration. This study used 24 mice (Mus musculus) were amputated at the digit tip and the growth was 

observed on days 0, 1, 3, 5, 10, 15, and 25. We isolated RNA from each tissue after amputation on days 0, 1, 3, 

5, 10, 15, and 25 and analyzed the RNA expression of the PDGF gene using the qPCR method. PDGF gene 

expression reached its peak on day 10 on the granule phase and decreased until day 25. The peak expression of 

the PDGF gene indicates the role of the gene in the tissue regeneration of digit tip mice. The normality test for 

PDGF gene expression was normally distributed (p> 0, 05) and the variation test between each treatment was 

different significantly (p <0.05). 

Keywords: PDGF, tissue regeneration, mice, granule phase, amputated 

1. INTRODUCTION  

Regeneration of tissue is not a simple process and an 

interesting issue (1). Regeneration of tissue has four 

stages process. Each stage has a function in the 

regeneration of tissue. Wound-healing is the first phase 

that has a role in overcoming wounds in the tissue. The 

granular stage is the second stage which plays a role in 

forming various new tissue-forming stem cells. In the 

third stage, the regeneration stage, a new tissue 

formation process occurs. The last stage of the 

regeneration of tissue is the maturation stage. The new 

tissue that is formed undergoes maturation and 

morphogenesis process (2). 

The tissue regeneration process needs some 

molecules, genes, and proteins that have a function in 

tissue regeneration (3). Granulation is characterized by 

the fibroblasts and endothelial cells proliferated and new 

epithelial layers formatted. Fibroblasts have a role 

stimulate the formation of an extracellular matrix. The 

rest of the extracellular matrix is cleaned by the 

macrophage cells to balance between extracellular 

matrix production and extracellular degradation. This 

stage makes the tissue formation occurs simultaneously 

with the tissue maturation stage (4). 

Some researchers reported that several genes have 

specific functions in the tissue regeneration process. 

One of them is the platelet-derived growth factor 

(PDGF) gene which has a role in wound healing (5). 

The PDGF gene initiates an inflammatory response and 

modulates endothelial cells indirectly in angiogenesis. 

PDGF has a specific function in the formation and 

expansion of fibroblasts derived from the microvascular 

pericyte. PDGF has amino acids that are involved in the 

formation of the ECM extracellular matrix. PDGF acts 

as a mitogen and activator of HSC that can produce 

ECM. PDGF has an important role in the strongest 

mitogen of mesenchymal cells because it is a strong 
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inducer of extracellular matrix components by 

mesenchymal cells (6) 

The hypothesis that the PDGF gene has a role in 

the regeneration of digit tip mice tissue. We analyze 

the gene expression of the PDGF gene by the qPCR 

method in the regeneration of digit tip mice tissue 

after amputation.  

 

2. MATERIALS AND METHODS  

2.1. Research sample 

A research code of ethics was obtained from the 

Commission Research of Ethics in Universitas Esa 

Unggul. The sample of this research sample was 30 

female mice (Mus musculus) var Swiss Webstar, aged 

8 weeks and weight 20 grams. The number of 

samples using the Federer formula. Mice were 

obtained from the Ministry of Health of the Republic 

of Indonesia, kept and treated the mice in the 

laboratory of the Ministry of Health of the Republic 

of Indonesia. 

We euthanized the mice with ketamine/xylazine at 

a dose of 0.5 g/kg BW. After euthanized the mice, we 

amputated the digit tips mice. We isolated the 

regeneration of tissue growth on day 0 (4 hours after 

amputation), 1, 3, 5, 10, 15, and day 25 after 

amputation to analyze the gene expression by the 

qPCR method.  

2.2. RNA isolation from tissue regenerated  

In the regenerated tissue, the samples of digit tip 

mice were weighed. The weight of the sample 

became the standard volume for the required Tri-pure 

RNA isolation kit. We incubated the samples at room 

temperature 15-30 °C for 5 minutes and added 

chloroform according to the conversion of the sample 

weight. We incubated the samples at 30 °C for 15 

minutes. Samples were centrifuged at a rate of 12.000 

x g for 15 minutes at 4 °C. We separated the aqueous 

phase and added 500μl of isopropyl alcohol, then 

incubated at 15-30 °C for 10 minutes. We centrifuged 

the sample, removed the supernatant, added 10 μl of 

DEPC treated water to each sample, and incubated at 

55-6°C. The RNA isolation samples were analyzed 

by qPCR to analyze the gene expression.  

The primary design of the PDGF gene of mice 

(Mus musculus). The primary design results are 

obtained as follows: 

Left Primer: CCTTCTCCAGTGTGCTGACA 

Right Primer: GGAGTCCATAGGGAGGAAGC 

 

Product Size PCR: 158 bp and annealing temperature: 

55 0C – 60 0C 

3. RESULT AND DISCUSSION  

3.1. Growth length of the digit tip Mice 

 
Figure 1. showed the growth of digit tip mice. The 

data distribution of tissue regeneration growth of digit 

tip mice was normal (p> 0.05). The growth length 

showed increased slowly from day 0 until day 10, in 

this phase some of the stem cells do division and 

differentiation. The first 10 days is the stage of 

wound healing, the growth is very slow. This is the 

inflammation and granulation phase process of stem 

cells, like mesenchymal (7). There is no tissue 

differentiation and the growth length of tissue. So that 

in both phases there is no tissue growth and no 

significant tissue growth (4). 

At the wound healing stage, some cells do the 

proliferation, differentiation, and migration cell. This 

process impacts a little of the digit tip mice growth. 

Mescher reported that at the wound-healing phase, 

the tissue was characterized by migration, 

proliferation, and differentiation of cells. They are the 

macrophage cells, fibroblasts, and progenitor cells 

(1). 

In zebrafish tissue regeneration, it has been 

investigated the existence of cell migration at the 

wound healing stage from various organs. Tahara 

reported that in the heart tissue regeneration process 

of zebrafish, the cardiomyocytes and the cardiac 

progenitor cells migration to the heart tube. (8). Some 

leukocytes, fibroblast-like cells, basal lamina cells, 

nerve cells, cartilage cells, and muscle cells were 

found at the wound healing phase in tail regeneration 

of lizards. The various tissues proliferated and 

differentiated actively (3). 
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Figure 1. The growth of tissue regeneration of digit tip mice from day 0 until day 25 after amputation. The line 

graph showed an increase significantly from day 10 until day 25. 

 

After day 10, the graph of tissue growth length 

digit tip mice increased significantly. It occurred the 

formation of new connective tissue, nerve tissue, 

muscle tissue, dermis tissue, bone tissue, and nail 

tissue, resulting in a significant increase in tissue 

length. Hutchin reported that the regeneration of 

green lizard tails started on day 10-15, he found the 

aggregates cell of stem cells (9). 

The tissue regenerates actively to form elongated 

bone tissue, new muscle formation, new blood 

vessels, and new fatty tissue. The tissue grew from 

the aggregate of stem cells in the dermis layer (10). 

After day 10 the tissue grs in the regeneration phase 

followed by a tissue maturation phase after day 20.  

The growth of digit tip mice was different 

significantly between day 10 and day 25 because in 

this phase the tissues are morphogenesis and 

differentiation. At this time, the tissue has been 

covered by a sufficient layer of the thick epidermis.  

In the regeneration of human skin organs, there 

are several phases of regeneration, namely the wound 

healing phase which includes inflammation in the 

form of a lag phase growth curve, followed by the 

proliferation and regeneration phases which include 

wound closure, angiogenesis, and granulation or 

proliferation, and finally, the remodeling phase 

starting on day 12 (11) . 

The results of the qPCR amplification showed a 

specific expression of the PDGF gene, it was seen 

that a melt curve image had one peak (Figure 2). The 

amplification results showed a specific amplification 

of the PDGF and 18S genes as positive controls 

(Figure 3).  That showed that the DNA primer design 

is specific for the PDGF gene of mice. 

 

 
Figure 2. Melting Curve of PDGF and 18S genes 

 

Advances in Biological Sciences Research, volume 14

422



 

 

 
Figure 3. PDGF and 18 S genes amplification results 

 

 

3.2. mRNA of PDGF gene expression 

relative to controls 

 
PDGF gene expression is depicted in the 

following graph in Figure 4 below.  We used the 18S 

gene as a positive control that had a role as a 

housekeeping gene. We used the digit tip of mice 

that were not treated with amputation as the negative 

control. 

The beginning of PDGF gene expression 

increased after day 1. The expression was still 

increased until day 10 and reached the peak on day 

10. The gene expression was decreased significantly 

after day 10 until day 25, but the expression was still 

higher than the control expression. It showed that the 

gene expression was still high during the tissue 

regeneration process.  We suggested that the gene 

had a role in the tissue regeneration process.  The 

high expression of the PDGF gene in the 

inflammatory phase showed that the gene had a role 

in initiate of inflammatory response.  In the granular 

phase, the expression of the PDGF gene was high 

which is related to the role in vessel blood formatted 

(5). 

PDGF stimulated the formation of extracellular 

matrix in the fibroblast cell in the regeneration phase 

after granulation. The amino acids of PDGF are 

involved in the formation of the ECM extracellular 

matrix. The expression of the PDGF gene was 

highest in the phase during the tissue regeneration 

process (6). 

After day 10, the expression of the PDGF gene 

decreased but it still higher expression than control. 

It showed that in this phase the PDGF had a role in 

proliferated and migrated cells for the formation of 

new tissue. In this phase, the tissue extended growth 

significantly which was the beginning of cartilage 

growth. The blastema cells of cartilage differentiated 

and migrated to form the cartilage tissue. The 

cartilage grew fastly after day 21. In this phase, the 

muscle tissue, nerve tissue, blood vessel, and 

adipose tissues grew fast too. 

Figure 4. Graph of PDGF gene mRNA expression relative to control after amputation from day 0 until day 25 
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After day 15, the gene expression continued to 

decline even on day 25 the quantitative amount of 

PDGF gene mRNA expression was less than the 

control, this indicated that the PDGF gene did not 

have a role at all in this phase. Because the phase 

after day 25 in tissue regeneration is the maturation 

of tissue. The tissue undergoes the morphogenesis 

process to form the adult tissue. Then the tissue 

regeneration process has been completed. 

The results of the data normality test for the 

quantity of PDGF gene mRNA expression relative to 

the control from day 0 to day 25, the distribution 

was normal (p> 0.05). Meanwhile, the data 

homogeneity test showed a heterogeneous 

distribution of data from day 0 to day 25 (p < .05). 

 

4. CONCLUSION  

The PDGF gene has a role in the tissue 

regeneration process to regulate the proliferation, 

migration, and formation of new endothelial cells, it 

was showed the high expression of the gene.  
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