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Abstract 

Human Placenta-Derived Mesenchymal Stem Cells (HP-MSCs) are recognized for 

their potential in treating various diseases due to their multidirectional differentiation 

and immunomodulatory abilities. However, the therapeutic efficacy is often 

compromised in ischemic and hypoxic environments. Tremella Fuciformis 

Polysaccharide (TFP), a natural polysaccharide known for its immunomodulatory and 

anti-inflammatory properties, stands a good chance of overcoming this limitation. Our 

study investigates whether TFP enhances the therapeutic efficacy of HP-MSCs under 

ischemic-hypoxic conditions by inhibiting autophagy, with a focus on the role of the 

ERK signaling pathway. HP-MSCs were cultured under hypoxic conditions to 

simulate an ischemic environment and TFP was added to investigate its effects on 

MSC bioactivity, apoptosis, and proliferation. Mechanistic studies were conducted to 

assess the activation of the ERK signaling pathway and the expression of autophagy-

related markers. TFP enhanced HP-MSC bioactivity under hypoxia by reducing 

apoptosis and promoting proliferation. Mechanistic analysis revealed that TFP 

enhanced the ability of HP-MSCs to adapt to hypoxic stress by activating the ERK 

signaling pathway. This activation led to the inhibition of autophagy-related markers, 

suggesting that TFP plays a protective role in hypoxia-induced cell stress. TFP 

enhances the therapeutic potential of HP-MSCs in ischemic-hypoxic conditions by 

inhibiting autophagy through ERK signaling pathway activation. These findings 
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provide a theoretical foundation for the use of TFP in treating lower limb ischemia 

and highlight its potential to improve treatment protocols and outcomes. 
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Mesenchymal Stem Cells (MSCs) are pluripotent stem cells with self-renewal 

and multidirectional differentiation potential.1 They are present in various tissues, 

including bone marrow, adipose tissue, the umbilical cord, and the placenta, and have 

been extensively studied for their roles in immune regulation, anti-inflammation, and 

tissue repair.2  

As an important constituent in traditional Chinese medicine，Tremella 

Fuciformis Polysaccharide (TFP)3 has attracted widespread attention because of its 

multiple biological activities. Owing to its immunomodulatory, anti-inflammatory, 

and antioxidant effects,4,5 TFP has been used in traditional medicine to enhance 

immunity and nourish the body. It also shows significant therapeutic potential in 

modern medical research.6  

Cellular autophagy is a critical physiological process that enables cells to 

respond to stress, such as nutrient deprivation, injury, and pathogen invasion, by 

degrading and recycling damaged or unwanted components.7 Autophagy plays a 

crucial role in maintaining intracellular stability and is essential for cell survival, 

metabolic regulation, and antiaging.8,9 

Focusing on the role of TFP in autophagy, this study investigated the role of TFP 

in HP-MSCs in the ischaemic-hypoxic microenvironment and further revealed that the 

ERK signaling pathway is a key regulator of TFP-regulated autophagy. These findings 

are expected to provide a basis for optimising human haematopoietic stem cell-based 
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ischaemic hypoxia therapy. 

 
Materials and Methods 

Isolation and culture of HP-MSCs 

Following the established method for HP-MSC isolation and culture at the Stem 

Cell Research Institute, Ningxia Medical University, 3–5 healthy full-term placentas 

were randomly selected. The acquisition of all human samples was approved by the 

Ethics Committee of General Hospital of Ningxia Medical University. Healthy full-

term placentas were collected and transferred to a biosafety cabinet using sterile tools. 

The placentas were repeatedly rinsed with PBS (Servicebio) to remove blood and 

impurities. The placental tissue was minced into small pieces (1–2 mm³) and 

incubated at 37°C, 5% CO2, and saturated humidity in Nuwacell ncMission hMSC 

serum-free medium containing 1×GlutaMAX™ and 50 μg/ml gentamicin. Once the 

cells migrated from the tissue mass, they were digested with TrypLE™ Express 

enzyme and isolated by sieving or centrifugation. The isolated cells were seeded at an 

appropriate density (1×10⁶ cells/100 mm) in serum-free medium in Petri dishes (BIOFIL). 

The cells were collected for further passaging, and 3–5 passages were selected for 

experiments. 

 

Identification of HP-MSCs 

A total of 1×10⁶ cells were harvested, and their surface antigens were analyzed 

via flow cytometry. After being harvested, the cells were washed with PBS, treated 

with trypsin or gently dissociated, centrifuged, and resuspended in flow cytometry 

staining buffer. Marker antibodies were then added, and the cells were incubated at 

4°C for 30 minutes in the dark. After washing, at least 10,000 cells were analyzed via 

a BD FACS Aria flow cytometer with fluorescently labeled antibodies against CD73, 

CD90, CD105, CD14, CD34, CD45, and HLA-DR (BioLegend) to assess HP-MSC 

surface antigen expression. 
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Differentiation of HP-MSCs 

HP-MSCs were seeded in osteogenic differentiation medium, and the medium 

was replaced every 3–4 days. After approximately 3 weeks of differentiation, Alizarin 

Red S staining was used to detect calcium deposition, Alcian blue staining was used 

for glycosaminoglycan deposition, and Oil Red O staining was used for lipid droplets 

to evaluate the potential of MSCs to differentiate into osteoblasts, chondrocytes, and 

adipocytes. The differentiation media and stains were purchased from Cyagen 

Biosciences. 

 

Ischemic hypoxic microenvironment  

HP-MSCs were plated at a density of 5×10³ cells/cm² and cultured in complete 

DMEM until 80% confluence. The cells were treated with serum-free basal medium 

and incubated under 1% oxygen at 37°C and 5% CO2 for 6 hours. 

 

Tremella fuciformis polysaccharide treatment 

To prepare a 10 mg/mL stock solution, 12.5 g of Tremella fuciformis 

polysaccharide powder was dissolved in sterile phosphate buffered saline and was 

then subjected to 0.22 μm filtersterilization and preserved at -20 degrees Celsius until 

needed. Dilutions of the stock solution were made in culture medium to create the 

working concentration immediately before use. Unless specified all experiments were 

done with 100 μg/mL of TFP. For the cell proliferation assay (CCK-8 and EdU), TFP 

was added at the concentration of 100 μg/mL to the samples for the duration of the 

assay. For the apoptosis assays (Annexin V/PI staining and Western blot), cells were 

treated with 100 μg/mL for 24 hours before analysis. In the autophagy assays (mRFP-

GFP-LC3B puncta imaging, Western blot), TFP was added at the the same 

concentration together with hypoxic exposure. 

 

Western blot analysis 

The cells were lysed in RIPA buffer (Servicebio) containing protease and 

phosphatase inhibitors (Servicebio). The protein concentration was determined via a 
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BCA protein assay kit (Thermo). Proteins were separated via SDS‒PAGE on a 10% 

polyacrylamide gel. The membrane was incubated overnight at 4°C with a primary 

antibody diluted in TBST containing 5% BSA. The membrane was incubated with an 

HRP-conjugated secondary antibody (Proteintech) for 1 hour at room temperature. 

The protein bands were detected via a chemiluminescent imaging system (Sizenberg 

Bio). Band intensity was quantified via ImageJ software and normalized to that of the 

β-Tubulin control. 

 

Immunocytochemistry 

Treated HP-MSCs were seeded on slides for cell crawling assays. Adherent or 

single cells were fixed with 4% paraformaldehyde at 4°C for 30 minutes. The 

membranes were then permeabilized in PBS containing 0.1% Triton X-100 (VETEC) 

for 15 minutes. Nonspecific binding was blocked with 0.01% PBST containing 10% 

goat serum for 30 minutes. The primary antibodies were diluted in antibody diluent 

and incubated overnight at 4°C. After washing, the samples were incubated with 

secondary antibodies (Proteintech) for 1 hour. The cells were then observed via a 

fluorescence microscope (OLYMPUS). 

 

Cell proliferation assay 

HP-MSCs treated under different conditions were seeded in 96-well plates (2×10³ 

cells/well) for cell growth assays. CCK-8 (AbMole) was added to the wells, which were 

subsequently incubated at 37°C for 2 hours. The absorbance was then measured at 

450 nm. EdU cell proliferation assays were conducted to assess cell proliferation. 

Approximately 1×10⁵ cells were seeded in 12-well plates. After 24 hours, the cells 

were incubated with 500 µL of EdU reagent (KeyGEN BioTECH) per well for 2 

hours. The membranes were permeabilized with 0.3% Triton X-100 for 15 minutes 

and then incubated with Click Reaction Reagent for 30 minutes at room temperature 

in the dark. Nuclei were counterstained with DAPI-containing mounting medium 

(Solarbio). Nuclei were counterstained with DAPI-containing mounting medium 

(Solarbio). 
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Cell apoptosis assay 

Apoptosis rates were analyzed via an Annexin V-FITC Apoptosis Detection Kit 

(KeyGEN BioTECH). After treatment, the HP-MSCs were collected and resuspended 

in binding buffer containing Annexin V-FITC and PI. The samples were then analyzed 

via a flow cytometer (EasyCell). BD FACSDiva 6.1.3 software (FlowJo-V10) was 

used to categorize cells into viable, necrotic, and apoptotic populations, followed by a 

comparison of apoptotic cell percentages across different groups. 

 

Cell autophagy assay 

The cells were infected in 24-well plates for 24 hours via an adenoviral vector 

expressing mRFP-GFP-LC3B (Hanbio Tech, Shanghai, China). Autophagic flux was 

assessed by counting GFP and mRFP puncta visible under a confocal microscope. 

 

Statistical data 

GraphPad Prism 5 and SPSS 17.0 were used for the statistical analyses. The data 

are expressed as the means ± standard errors from at least three independent 

experiments. The data from the experimental groups were compared via Student's t 

test. Multiple comparisons were conducted via ANOVA. Differences between groups 

were considered statistically significant at p<0.05. 

 
Results 

Phenotyping and differentiation of HP-MSCs 

The morphology of HP-MSCs was uniformly spindle-shaped, as shown in Figure 

1A. Flow cytometry is shown in Figure 1B, the cells highly expressed HP-MSC 

markers (CD73, CD90, and CD105) and exhibited minimal expression of markers for 

monocytes, macrophages, hematopoietic stem cells, leukocytes, and antigen-

presenting cells (CD14, CD34, CD45, and HLA-DR). Figure 1C-E illustrates the 

trilineage differentiation of HP-MSCs into osteoblasts (alizarin red staining), 

chondrocytes (alcian blue), and adipocytes (oil red O staining) under specific 
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induction conditions. These results confirmed that the cells exhibited typical MSC 

properties. 

 

Proliferation and characterization of HP-MSCs in TFP 

We performed EdU cell proliferation assay on cells from different treatment 

groups; DAPI staining (blue) was used to stain the nucleus, while EdU staining 

(green) was used to identify proliferating cells. The results were shown in Figure 2A 

and Figure B. TFP-treated cells proliferated significantly (p<0.01). Cell proliferation 

was also further assessed using the CCK-8 assay, and as shown in Figure 2C, the cell 

viability was significantly lower in the IHM group compared with the NC group (P < 

0.05), and significantly higher after TFP treatment (p<0.01). 

 

Apoptosis of HP-MSCs in TFP 

Apoptosis was assessed via Annexin V/PI double-staining flow cytometry, as 

shown in Figure 3A and 3B. The Q2 area represents late apoptotic cells, whereas the 

Q3 area represents early apoptotic cells. The proportions of cells in the Q2 and Q3 

areas in the NC group were low (3.21% and 5.92%, respectively).  

Apoptosis significantly increased in the IHM group, while TFP treatment 

reduced both early and late apoptosis (P<0.05). The Western blot results are shown in 

Figure 3C and 3D. In the IHM group, the proapoptotic proteins Bax, C-Caspase-3, 

and C-PARP-1 were significantly upregulated, whereas the antiapoptotic protein Bcl-

2 was significantly downregulated. In the IHM+TFP group, this pattern was reversed. 

Combined flow cytometry and western blotting results, the ischemic-hypoxic 

environment significantly promoted MSC apoptosis, as shown by increased apoptotic 

cell proportions, upregulated proapoptotic proteins (Bax, C-Caspase-3, and C-PARP-

1), and downregulated antiapoptotic protein (Bcl-2) expression. Conversely, TFP 

partially attenuated the proapoptotic effects of ischemia and hypoxia on MSCs. 

 

TFP inhibits autophagy in HP-MSCs 

Figure 4A shows autophagic flux visualized by mCherry-eGFP-LC3B 
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fluorescence, where the behavior of the GFP and mCherry signals reflects the 

autophagic flux. In the mCherry-eGFP-LC3B system, GFP fluorescence is quenched 

in acidic environments such as the lysosome, whereas mCherry maintains its 

fluorescence in both neutral and acidic conditions. Therefore, the presence of both 

green (GFP) and red (mCherry) signals (resulting in yellow colocalization) indicates 

that the autophagosome has not yet fused with the lysosome, suggesting that the 

autophagic flux is blocked. On the other hand, the presence of only red fluorescence 

(mCherry) without green fluorescence indicates that the autophagosome has 

successfully fused with the lysosome, representing active autophagic flux. In the NC 

group, mCherry (red) and GFP (green) signals show little overlap, indicating no 

significant autophagic flux activity. In the IHM group, the GFP signal is quenched due 

to its sensitivity to low pH in lysosomes, leaving mCherry as the dominant signal, 

indicating active autophagic flux. In the TFP group, yellow fluorescence is observed, 

representing the overlap of mCherry and GFP, indicating that the autophagosome has 

not fused with the lysosome, thus blocking autophagic flux. In the TFP+IHM group, 

more yellow fluorescence is seen, confirming that TFP blocks autophagic flux even in 

the presence of IHM stimulation. Quantification of LC3B puncta is shown in Fig 4B. 

The yellow bars represent autophagosomes, while the red bars represent 

autolysosomes. IHM significantly increases autolysosome formation, indicating 

increased autophagic flux. However, in the TFP+IHM group, autolysosome formation 

is reduced and autophagosome accumulation is increased, demonstrating that TFP 

blocks IHM-induced autophagic flux. LC3 and p62 are autophagy-related proteins; 

the conversion ratio of LC3 I to LC3 II serves as a marker of autophagic flux, while 

p62 is an autophagic substrate protein and its degradation level reflects autophagic 

flux. Fig 4C and 4D shows the western blot analysis and quantification of the 

autophagy-related proteins LC3 and p62. IHM decreases p62 levels and increases 

LC3-II expression, consistent with active autophagic flux. In contrast, the TFP+IHM 

group shows increased p62 accumulation and decreased LC3-II expression, indicating 

inhibition of autophagic flux.  
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Verification TFP acts through autophagy 

We evaluated the levels of autophagy-related proteins in HP-MSCs under 

ischemic‒hypoxic conditions and used the autophagy inducer rapamycin (RAPA) to 

determine whether TFP exerts its effects through autophagy. The results of the 

Western blot analysis shown in Figure 5A revealed significant differences in the 

expression levels of the autophagy-related protein LC3 and the apoptosis markers C-

Caspase-3 and C-PARP-1 across the different treatment groups. LC3 II expression 

was significantly increased in the IHM group. In the TFP+IHM group, LC3 II 

expression was significantly decreased. However, the addition of the autophagy 

inducer RAPA restored the LC3 II, C-Caspase-3, and C-PARP-1 levels. RAPA-

induced autophagic flux reversed the inhibitory effect of TFP, supporting the 

hypothesis that TFP acts by inhibiting autophagic pathways. 

 

TFP inhibits autophagy by activating the ERK signaling pathway 

To explore how TFP reverses ischemia and hypoxia by inhibiting autophagy, we 

assessed ERK, p38, and JNK pathway protein expression levels in HP-MSCs. Figure 

6A shows that p-ERK protein expression was increased in the IHM group, indicating 

that the ERK signaling pathway was activated under ischemic-hypoxic conditions. 

However, p-ERK protein expression was significantly lower in the TFP+IHM group 

than in the IHM group. To further verify the specific mechanism of the ERK signaling 

pathway, we added the ERK1/2 agonist Ro 67-7476 and observed its effects on 

autophagy and apoptosis markers. Figure 5B shows that Ro67-7476 significantly 

elevated p-ERK protein levels and reversed the inhibitory effect of TFP on LC3 II and 

p62 under ischemic-hypoxic conditions. Additionally, Ro 67-7476 reversed the 

expression of C-Caspase-3 and C-PARP-1, further confirming the critical role of the 

ERK signaling pathway in the regulation of autophagy and apoptosis by TFP. 

 

Discussion 

MSCs are widely applicable in disease treatments because of their 

multidirectional differentiation potential and robust regenerative capacity.10 Recent 
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studies have optimised the effects of MSCs by enhancing their activity and function 

through genetic modification, chemical pre-treatment and three-dimensional culture. 
11. Additionally, the synergistic effects of MSCs with other cell types and biomaterials 

have been explored for more efficient and precise therapies.12 However, the ischemic-

hypoxic environment critically impacts the survival and function of these cells. This 

study revealed that TFP enhances the adaptive capacity of HP-MSCs under ischemic‒

hypoxic conditions by inhibiting autophagy. 

Chinese medicine is widely recognized in modern medicine for its holistic 

approach, evidence-based treatments, natural therapies, and low toxicity. It has shown 

unique efficacy, particularly in chronic diseases.13 Aside from its historical application 

in traditional medicine, TFP has also attracted increased attention in contemporary 

research for its immunomodulatory and anti-inflammatory properties. We add to this 

understanding by showing its further role in modulating autophagy in HP-MSCs 

under ischemic-hypoxic conditions. 

Immunomodulation, and anti-inflammation. Studies indicate that TFP can inhibit 

tumor cell proliferation and migration by regulating immune cell function and 

antioxidant mechanisms, positively impacting cancer adjuvant therapy.14,15 TFP has 

been shown to delay cellular aging in antiaging research.16 These findings expand the 

applications of TFP and offer new insights and foundations for integrating Chinese 

medicine into modern medical practices. Our study demonstrated that TFP-treated 

MSCs in an ischemic‒hypoxic microenvironment exhibited significantly increased 

proliferation and reduced apoptosis, enhancing their adaptation to the environment. 

Autophagy is crucial for regulating cell survival, lymphocyte homeostasis, and 

cytokine production.17 Under pathological conditions, autophagy removes damaged 

organelles and proteins, maintaining cellular homeostasis.18 The benefits of autophagy 

include removing damaged organelles and proteins, reducing the accumulation of 

harmful substances, promoting cell renewal, and maintaining cellular health.19,20 

However, excessive autophagy can lead to cell death, particularly in hypoxic 

environments.21 In the treatment of lower limb ischemia, autophagy is closely tied to 

cell survival, tolerance, tissue repair, and regeneration.22,23 Our study demonstrated 
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that TFP reduces cell death under ischemic‒hypoxic conditions by inhibiting 

autophagy, thereby increasing MSC survival and function. 

The ERK signaling pathway plays a crucial role in regulating cellular autophagy 

and maintaining metabolic homeostasis.24,25 It plays a crucial role in cell proliferation, 

differentiation, and survival.26 The ERK signaling pathway is also crucial in vascular 

remodeling pathology.27 It mediates angiogenesis by regulating cellular activity and 

the expression of angiogenic factors. Some studies prove that the ERK signaling 

pathway regulates angiogenesis, improving local microcirculation and restoring the 

blood supply to ischemic areas, thus alleviating ischemic disease progression.28 In the 

present study, we found that TFP activated the ERK signaling pathway and 

significantly affected the autophagy of MSCs in the ischaemic-hypoxic environment, 

further enhancing their viability and proliferation. 

We have demonstrated the role of TFP in regulating autophagy in HP-MSCs and 

its molecular mechanism in the ischaemic-hypoxic microenvironment. Lower limb 

ischaemia also occurs in an ischaemic-hypoxic environment, so we can combine TFP 

with MSCs for the treatment of lower limb ischaemia in future studies. 

Every research work has some concerns and gaps. Firstly, all the experiments 

done were in vitro and in vivo studies are needed in order to investigate the 

therapeutic relevance of TFP in ischemic situations. Secondly, TFP involvement has 

been shown, but other pathways could also be involved and are for future research. 

 

Conclusions 

This study demonstrated that TFP inhibits autophagy, reduces apoptosis, 

promotes cell proliferation, and regulates HP-MSC viability under ischemic and 

hypoxic conditions by activating the ERK signalling pathway (Figure 7). 
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Figure 1. Characterization of HP-MSCs. A) Morphology of cultured HP-MSCs; B) 

Flow cytometry showing high expression of MSC markers (CD73, CD90, CD105) 

and low expression of non-MSC markers (CD14, CD34, CD45, HLA-DR). Trilineage 
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differentiation of HP-MSCs into C) osteoblasts, D) chondrocytes, and E) adipocytes. 

Scale Bars: (A), (C) 100μm; (D), (E) 50 μm. HP-MSCs, Human Placenta-Derived 

Mesenchymal Stem Cells. 

 
Figure 2. Effects of TFP on HP-MSC Proliferation under IHM. A) EdU staining 

results, with DAPI (blue) marking nuclei and EdU (green) indicating proliferating 

cells. The green fluorescence signal EdU was significantly increased in the IHM+TFP 

group compared to the IHM group, implying that TFP promotes proliferation; B) 

Quantitative and intergroup difference analysis of green fluorescence signals in A; C) 
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CCK-8 assay results showing reduced cell viability in the IHM group compared to 

NC, with partial restoration in the IHM+TFP group. The tests were carried out on 

three biological triplicates (n = 3), and data are expressed as the mean–standard 

deviation. **** p< 0.0001, *** p< 0.001, ** p< 0.01. Scale Bars: (A),100μm, TFP, 

Tremella Fuciformis Polysaccharide; IHM, Ischemic Hypoxic Microenvironment; 

CCK-8, Cell Counting Kit-8; DAPI, 4',6-Diamidino-2-Phenylindole; EdU, 5-Ethynyl-

2'-Deoxyuridine, all experiments were performed in triplicate (n=3). Data are mean ± 

SD. Statistical significance was assessed by ANOVA. 
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Figure 3. TFP Reduces Apoptosis in HP-MSCs under Hypoxia 



21 
 

(A) Flow cytometry analysis using Annexin V/PI double staining, showing apoptosis 

distribution in different groups (Q1: Mechanically damaged cells, Q2: late apoptotic 

cells, Q3: early apoptotic cells, Q4: surviving cells). (B) Quantitative data on 

apoptosis rates (early apoptosis and late apoptosis Q2+Q3) in different groups. (C) 

and (D) Western blotting and quantification of pro-apoptotic proteins (BAX, C-

Caspase-3 and C-PARP-1) and anti-apoptotic protein Bcl-2 in HP-MSCs from 

different treatment groups. The tests were carried out on three biological triplicates (n 

= 3), and data are expressed as the mean–standard deviation. **** P < 0.0001, *** P 

< 0.001, ** P < 0.01, * P < 0.05.  
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Figure 4. TFP Inhibits Autophagy in HP-MSCs under IHM 

(A) mCherry-eGFP-LC3B dual fluorescence assay. NC group shows minimal 

fluorescence. The IHM group shows red fluorescence (mCherry) indicating 

autolysosome formation. The TFP group shows yellow fluorescence (GFP+mCherry) 

indicating autophagosome accumulation. The TFP+IHM group shows increased 

yellow fluorescence. (B) Percentage of LC3B puncta. The IHM group shows a higher 
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percentage of autolysosomes (red), whereas the TFP+IHM group shows a higher 

percentage of autophagosomes (yellow). (C) Western blot for LC3 and p62. The IHM 

group shows higher levels of LC3-II and lower levels of p62, while the TFP+IHM 

group shows lower levels of LC3-II and higher levels of p62. (D) Quantification of 

LC3-II/LC3-I ratio and p62. The tests were carried out on three biological triplicates 

(n = 3), and data are expressed as the mean–standard deviation. **** P < 0.0001, *** 

P < 0.001, ** P < 0.01. Scale Bars: (A),50μm. 
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Figure 5. TFP Inhibits Apoptosis by Modulating Autophagy in HP-MSCs 

(A) Western blot analysis of autophagy-related proteins LC3, C-caspase-3 and C-
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PARP-1 in different treatment groups and the effect of autophagy inducer RAPA on 

TFP-treated HP-MSCs under IHM (whether or not to reverse the activity of 

autophagy) to verify that TFP affects HP-MSCs under IHM through autophagy. (B) 

Western blot quantification including relative protein expression of LC3II/Ⅰ, C-

caspase-3 and C-PARP-1. The tests were carried out on three biological triplicates (n 

= 3), and data are expressed as the mean–standard deviation. *** P < 0.001, ** P < 

0.01. RAPA, Rapamycin. 

 
Figure 6. TFP Inhibits Autophagy via the ERK Signaling Pathway in HP-MSCs 

(A) -(B) Western blot analysis of ERK, p38 and JNK pathway proteins in HP-MSCs 
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treated with or without TFP under ischemic hypoxic conditions and quantitative 

analysis. (C)-(D) Western blotting and quantitative analysis of the effects of the ERK 

agonist Ro 67-7476 on the expression of p-ERK, autophagy markers (LC3 II, p62), 

and apoptosis markers (C-Caspase-3, C-PARP-1), The tests were carried out on three 

biological triplicates (n = 3), and data are expressed as the mean–standard deviation. 

**** P < 0.0001, *** P < 0.001, ** P < 0.01. 

Demonstrating the role of the ERK pathway in the regulation of autophagy and 

apoptosis by TFP. All experiments were performed in three independent biological 

replicates (n=3). Data are presented as mean ± SD. Statistical significance was 

determined by one-way ANOVA. 

 

 
Figure 7. Graphical abstract of the mechanism by which TFP enhances the 

therapeutic potential of HP-MSCs in ischaemia and hypoxia by inhibiting autophagy.  


