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Abstract 
Tremella polysaccharide is the most important functional component in Tremella, which 
has physiological functions such as anti-inflammatory, anti-oxidant, anti-tumor, and 
immune regulation. Autophagy plays an important role in cell growth, differentiation, 
cell defense, cellular immunity, tumor occurrence, tissue remodeling, and the regulation 
of functions to adapt to the external environment. By using Tremella polysaccharide to 
act on HaCaT cells, using cell biology and molecular biology methods to detect 
autophagy-related genes, autophagosomes, autophagic flux and autophagy lysosomes 
respectively, the results show that Tremella polysaccharides promote autophagy-
related gene expression, autophagy-related protein expression, and autophagy 
lysosomes increase with increasing concentration, which proves that Tremella 
polysaccharide can induce autophagy in HaCaT cells. 
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1. Introduction 

Tremella belongs to the genus tremella of the basidiomycete family tremella, and it is a widely 
distributed fungus. Tremella polysaccharides extracted from tremella is the most important 
functional component in tremella fruiting bodies, accounting for 70% to 75% of the dry weight 
of Tremella. Studies have confirmed that Tremella polysaccharide is a heteropolysaccharide, 
and its main chain is a mannan composed of α-(1-3)-glycosidic bonds. The 2, 4, and 6 positions 
of the main chain are connected with the side chains composed of glucose, xylose, fucose,  
uronic acid and other residues, and its active center is α-(1-3)-mannan. In recent decades, 
studies have found that Tremella polysaccharide has anti-inflammatory[1], anti-oxidation and 
anti-aging [2], anti-tumor[3], immune regulation[4], lowering blood lipids and blood sugar[5, 
6] and other physiological functions. This makes tremella polysaccharides have huge market 
potential in food, medicine, cosmetics and other fields. 
Autophagy is that cells form autophagic vesicles through monolayer or double-layer membrane 
wrapping long-lived proteins or senescent organelles, etc., and are transported to lysosomes to 
form autophagy lysosomes, which are digested and degraded by a variety of enzymes. Realize 
the needs of cell metabolism and the renewal of certain organelles. During the formation of 
autophagosomes, the expression of autophagy-related genes plays an important role in 
regulating the maturation of autophagosomes[7]. The immaturity of autophagosomes and the 
incomplete function of autophagosomes often lead to the inhibition of autophagy[8]. For a long 
time, autophagy of cells has been regarded as the self-rescue behavior of cells, which is of great 
significance for maintaining the homeostasis of cells. It is currently believed that autophagy is 
a new form of apoptosis (also known as type II programmed cell death), it plays an important 
role in cell growth, differentiation, cell defense, cellular immunity, tumor occurrence, tissue 
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remodeling, and regulation of functions to adapt to the external environment. Normal 
physiological levels and stress-induced autophagy are important factors that promote the 
health of mammals. During the scar formation and repair phase, autophagy removes excessive 
cells (such as fibroblasts, etc.) and deposited extracellular matrix (ECM) components (such as 
fibrin, collagen, etc.) to achieve the purpose of scar reconstruction . In addition, autophagy can 
also be used as a regulatory mechanism for cell growth, regulating cell growth[9]. Therefore, 
this study proved that tremella polysaccharides induced autophagy in HaCaT cells by detecting 
autophagy-related indicators, and provided a scientific basis for further research on its effect 
on wound healing and scar repair. 

2. Method 

2.1. Cell Counting Kit-8 (CCK8) 
Take the HaCaT cells in the logarithmic growth phase and evenly spread them into a 96-well 
plate at a density of 5×104 cells/mL, with 100 μL per well. After the cells adhere to the wall, 
add medium containing different concentrations of tremella polysaccharide (complete medium) 
with 3 multiple wells for each concentration. After 24 hours of incubation, add 10 μL of CCK8 
to each well. After 2 hours of incubation, culture 96-well cells place the plate in the microplate 
reader, measure the absorbance at 450 nm with 630 nm as the reference wavelength, and 
record the measurement results. 

2.2. Quantitative Polymerase Chain Reaction (qPCR) 
The tremella polysaccharide is formulated into the test solution of the corresponding 
concentration, and each concentration is set with 3 multiple wells and 3 background control 
wells. Take the HaCaT cells in logarithmic growth phase and spread them into a 6-well plate at 
a density of 5×105 cells/mL, 2 mL per well. After the cells adhere to the wall, add medium 
(complete medium) containing different concentrations of tremella polysaccharide and 
incubate for 24 h. The total RNA was extracted with TRNzol, and the cDNA chain was obtained 
by cDNA synthesis reagent for Real-Time PCR to quantitatively detect the expression level of 
Beclin 1, p62, Atg5 mRNA. 

2.3. Western Blot 
Take the HaCaT cells in logarithmic growth phase and spread them into a 6-well plate at a 
density of 5×105 cells/mL, 2 mL per well. After the cells adhere to the wall, add medium 
(complete medium) containing different concentrations of tremella polysaccharide. After 
incubating for 24 hours, extract the cell protein with RIPA lysate, and use BCA kit to detect the 
concentration of each cell protein sample. Adjust the protein concentration of other samples 
according to the concentration of the lowest protein sample to make the concentration of each 
protein sample consistent. Dilute with 5×Loading Buffer to 30 μg of the loaded protein. Separate 
the protein by SDS-PAGE electrophoresis, and then transfer the protein to the PVDF membrane. 
After blocking with 5% skimmed milk powder for 1 h, add primary antibody (anti-LC3II, anti-
SQSTM1) and incubate overnight at 4°C, wash with TBST 3 times for 10 min each time, add 
secondary antibody and incubate for 1 h, then wash with TBST 3 times for 10 min each time, 
and then image with a chemiluminescence instrument. 

2.4. Acridine Orange Fluorescene 
Take the HaCaT cells in the logarithmic growth phase and spread them into a 12-well plate at a 
density of 5×104 cells/mL, 1 mL per well. After the cells adhere to the wall, add medium 
(complete medium) containing different concentrations of tremella polysaccharide and 
incubate for 6 h. The culture medium was discarded and washed 3 times with PBS for 5 min 
each time. Acridine orange staining solution with a final concentration of 10 μg/mL was added 
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to each well, stained at room temperature and protected from light for 5 min, and washed with 
PBS for 3 times after staining. Observed under a fluorescence microscope, the excitation filter 
has a wavelength of 488 nm, and the blocking filter has a wavelength of 515 nm. The control 
group and the tested sample group are taken in a field of view with similar cell numbers to take 
pictures. 

3. Results 

3.1. Effect of Tremella Polysaccharide on HaCaT Cell Activity 
Tremella polysaccharide has no obvious toxic effect on HaCaT cells. When the concentration is 
greater than 1 mg/mL, it promotes cell proliferation, see Fig. 1. 
 

 
Fig. 1 CCK8 detects the effect of Tremella polysaccharide on HaCaT cell activity 

3.2. Effect of Tremella Polysaccharide on Autophagy Related Gene Expression 
In HaCaT Cells 

After Tremella polysaccharides treat HaCaT cells, the expression levels of autophagy-related 
genes p62, Beclin 1 and Atg5 are up-regulated as their concentrations increase, see Fig.2. 
 

 
Fig. 2 qPCR Detection of the Effect of Tremella Polysaccharides on the Expression of 

Autophagy Related Genes in HaCaT Cells 

3.3. Effect of Tremella Polysaccharides on the Expression of Autophagy Related 
Proteins in HaCaT Cells 

Tremella polysaccharides can induce autophagy at 1 mg/mL. Compared with the control group, 
the synthesis of LC3-II increases by 45.5%, and the effect of high concentration (3 mg/mL) is 
more obvious. The synthesis amount of LC3-II is the control group 2.4 times, the change trend 
of SQSTM1 protein is opposite to that of LC3-II, see Fig. 3. 
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Fig. 3 Western blot detection of the effect of tremella polysaccharides on the expression of 

autophagy-related proteins in HaCaT cells 

3.4. Effects of Tremella Polysaccharides on Autophagy Lysosomes in HaCaT 
Cells 

Compared with the control group, after 6 hours of treatment of HaCaT cells with tremella 
polysaccharide, the red-yellow fluorescence intensity was enhanced by acridine orange 
staining, indicating that the acid autophagy lysosomes in HaCaT cells increased significantly, 
see Fig. 4. 
 

 
Fig. 4 Fluorescence microscope observation of the effect of tremella polysaccharides on 

autophagy lysosomes in HaCaT cells 
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4. Discussion 

Autophagy is a universal and important life phenomenon, which can realize the recycling and 
renewal of some long half-life proteins and some organelles in the cell, and meet the metabolic 
needs of the cell itself [10, 11]. Epithelial cells can eliminate pathogens through phagocytosis, 
present antigens and secrete a variety of cytokines to regulate the body's inflammatory 
response and immune response, and play an important role in the body's anti-infection, 
promotion of wound healing, and scar formation, remodeling, and repair. Therefore, it can be 
used as an important cell model in autophagy research[12, 13]. HaCaT cells are human 
immortalized epithelial cells. LC3 is a homolog of the yeast Atg8 gene in mammalian cells. It is 
located on the surface of autophagosome and autophagosome membrane. It is a universal 
marker of autophagosome membrane. The LC3 synthesized by the cell is processed to become 
LC3-I. This cytosolic soluble LC3-I undergoes a ubiquitin-like processing and modification 
process and combines with phosphatidylethanolamine (PE) on the surface of the autophagic 
bubble membrane to become LC3-II. LC3- content is proportional to the number of 
autophagosomes [14, 15]. Detecting the conversion of LC3-I to LC3-II by Western blot has 
become the basis for quantitative analysis of autophagy activity. The chemical dye acridine 
orange (AO) is a metachromatic lysogen-based basic fluorescent dye, which can penetrate into 
acidic organelles, such as autophagic lysosomes. Autophagy cells are stained with acridine 
orange, Red-yellow dots can be observed under a fluorescence microscope, so the occurrence 
of autophagy can be judged according to the fluorescence intensity. Therefore, after treating 
HaCaT cells with tremella polysaccharide, the effect of tremella polysaccharide on the 
autophagy of HaCaT cells was proved by detecting the synthesis of LC3Ⅱ and the content of 
autophagy lysosome.  

5. Conclusion 

In summary, it can be seen that the formation, repair and remodeling of wound healing scars 
are closely related to changes in autophagy. In this process, epithelial cells, as an important cell, 
play an important role in promoting wound healing, scar formation, and remodeling and repair. 
Therefore, Tremella polysaccharide can induce autophagy in human epidermal keratinocytes 
for further research on wound healing and scar formation. And the remodeling and repairing 
process provides a scientific basis. 
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