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Abstract: Chronic refractory wounds exhibit a complex etiology characterized by prolonged healing and pathological chronic 
inflammation, which pose significant challenges to wound recovery and may increase the risk of cancer over time. In recent years, 
the autophagy mechanism has emerged as a focal point of research. This process is regulated by nutritional status, growth factors, and 
cellular stress. Autophagy facilitates the removal of damaged organelles and misfolded proteins, recycles nutrients, contributes to 
immune defense, and aids in the elimination of pathogens. Endothelial autophagy is particularly crucial in the healing of chronic 
refractory wounds. It may be activated under conditions of ischemia, hypoxia, inflammation, and infection, thereby inhibiting cell 
proliferation and tissue repair while assisting cells in maintaining homeostasis and managing various stressors. Consequently, 
investigating the autophagic mechanisms in vascular endothelial cells during chronic refractory wound healing is essential for the 
development of novel wound treatment strategies. 
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Wound healing is a dynamic and highly coordinated process that encompasses a series of meticulously organized stages, 
during which various types of tissue cells interact and function to facilitate the orderly remodeling of wound tissue.1 

Vascular endothelial cells (VECs) play a crucial role in the formation of new blood vessels during this process. Located 
on the intima of blood vessels, VECs form the inner wall and serve as a barrier for the transport of substances between 
blood and tissues. They are involved in immune regulation, the control of vascular permeability, and the secretion of 
growth factors. Additionally, VECs actively regulate the extravasation of blood cells and platelets, as well as the degree 
of vasodilation and contraction of blood vessels, thereby maintaining the balance between the internal and external 
environments of the vascular system. It plays a crucial role in regulating the inflammatory response during the early 
stages of wound healing by promoting leukocyte adhesion and migration to the injury site through the secretion of 
various adhesion molecules, while also facilitating the removal of pathogens and necrotic tissue. Vascular endothelial 
cells are primary contributors to angiogenesis; they can autonomously migrate to the repair site, enhance blood supply to 
the wound through proliferation and migration, provide essential nutrients, and create a favorable growth environment.2 

The formation of new blood vessels is a critical component of the wound healing process. Despite variations in blood 
pressure and flow dynamics across different body regions, vascular endothelial cells effectively maintain low osmotic 
pressure within blood vessels and regulate the internal fluid balance, underscoring their vital role in wound healing.3 

Many studies have shown that autophagy plays an extremely important role in diseases such as tumors, diabetic wounds, 
retinopathy, and cardiovascular diseases. By regulating specific autophagy targets and signaling pathways, it provides a 
theoretical basis for the clinical treatment of related diseases. Common autophagy factors include PI3K, Beclin, P62, etc. 
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By regulating autophagy signaling factors, they activate autophagy in cells, provide nutrients for new blood vessel 
formation and tissue regeneration, and promote wound healing. For instance, MEBO Moist Burn Ointment regulates the 
expression of P62, Beclin, and LC3 factors, stimulating autophagy in cells and accelerating the healing of diabetic 
wounds.4 Autophagy signaling pathways related to wound healing include PI3K/Akt, PINK/parkin, MAPK/ERK1/2, etc. 
For instance, traditional Chinese medicine regulates the MAPK/ERK1/2 signaling pathway, increases the expression 
level of LC3-II, stimulates the paracrine secretion of VEGF in mesenchymal stem cells (MSCs), and promotes vascular 
regeneration in chronic wounds. Shorten the wound healing time.5 This indicates that the autophagy mechanism is 
closely related to wound healing, and autophagy also affects the level of wound healing to a certain extent.

Overview of Autophagy
Autophagy is a highly conserved self-degradation mechanism in eukaryotic cells. Autophagy also degrades functional 
proteins to regulate multiple signaling pathways. By doing so, autophagy helps maintain intracellular homeostasis, 
supplies essential nutrients and energy, and facilitates self-degradation under conditions such as nutrient deprivation, 
oxidative stress, and pathogen infection, thereby promoting cell survival and renewal. Autophagy can be categorized into 
microautophagy, macroautophagy, and chaperone-mediated autophagy (CMA).6 Microautophagy involves the direct 
sequestration and degradation of substrates within lysosomes or vacuoles, playing a crucial role in intracellular protein 
quality control and organelle turnover.7 Macroautophagy represents the most significant form of autophagy. 
Autophagosomes are generated from expanding membrane structures derived from the endoplasmic reticulum, which 
subsequently fuse with lysosomes to degrade their contents. This process is utilized to eliminate intracellular macro
molecules, including protein aggregates, damaged organelles, and intracellular pathogens.8 All trabecular autophagy 
studies cited below are primarily macroautophagy. Chaperone-mediated autophagy (CMA) represents a specialized form 
of autophagy in which molecular chaperones, such as heat shock proteins, recognize and bind to misfolded or unfolded 
proteins, directing them to autophagosomes for degradation. Under normal conditions, autophagy effectively removes 
damaged organelles and denatured proteins, thereby maintaining intracellular homeostasis.9 However, there are certain 
risks to autophagy in cells, including problems that may be caused by excessive activation or inhibition of autophagy. 
Excessive activation of autophagy may lead to excessive degradation of cells’ own components, causing cell dysfunction 
or even death. It may also damage related neurons and induce diseases such as neurodegeneration. Inhibiting autophagy 
in cells may lead to the accumulation of damaged proteins and organelles within cells that cannot be cleared in a timely 
manner, increasing the risk of cell canceration, intensifying inflammatory responses, and affecting normal cell metabo
lism and function, as well as causing adverse reactions such as abnormal immune systems.10 Therefore, it is necessary to 
precisely control and regulate the autophagy mechanism to prevent the occurrence of adverse reactions.

Autophagy encompasses initiation, elongation, maturation, and lysosomal binding.11 Following the activation of 
autophagy, autophagosomes are generated through the involvement of the phosphatidylinositol 3-kinase III (PI3K-III) 
complex and the ULK complex. These structures extend to encapsulate cellular contents, aided by the autophagy-related 
protein family and various ubiquitin-like reactions, ultimately resulting in the formation of autophagosomes. Subsequently, 
autophagosomes fuse with lysosomes, leading to the degradation of the encapsulated substrates into smaller molecules, 
such as amino acids and fatty acids (Figure 1).12 Autophagy involves the formation of vesicles that encapsulate portions of 
the cytoplasm, as well as organelles or proteins designated for degradation. This process is regulated by autophagy-related 
genes (ATG) and is essential for maintaining cellular homeostasis, metabolism, and stress responses. Autophagosomes, 
which are formed during autophagy, fuse with lysosomes that contain a range of hydrolytic enzymes capable of degrading 
the materials enclosed within the autophagosomes. This degradation process aids in the removal of damaged or harmful 
cellular components, thereby contributing to the balance and stability of the intracellular environment.13

Chronic Refractory Wound Healing and Vascular Endothelial Cells
Healing Mechanism of Chronic Refractory Wound
Chronic refractory wounds are classified as “sores” in traditional Chinese medicine. The Ming Dynasty text “Surgical 
Qixuan” describes “sores” as a general term for lesions characterized by injury, muscle necrosis, and pain, resulting from 
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traumatic wounds. Traditional Chinese medicine posits that deficiency, toxins, blood stasis, and decay are the primary 
pathogenic factors contributing to the occurrence and progression of chronic refractory ulcers.First, “deficiency is the 
place where evil remains.” Second, the deficiency of qi and blood, as well as the imbalance of yin and yang caused by 
chronic illness, leads to impaired blood circulation and stasis; thus, deficiency and blood stasis serve as the root causes of 
the disease. Third, the accumulation of pathological products, including toxins and decay in the wound and surrounding 
tissues, disrupts qi and blood circulation, making ulcers difficult to heal repeatedly. Western medicine typically defines 
chronic refractory wounds as those that have not healed for more than a month despite conventional treatment and show 
no signs of healing. Factors contributing to the difficulty in wound healing include local blood circulation disorders, 
infections, and systemic diseases.14 In diabetic patients, elevated blood sugar levels, along with peripheral vascular and 
neurological lesions, predispose them to foot ulcers that are challenging to heal. Additionally, in the elderly, a decline in 
physical function and weakened tissue repair capacity often result in delayed wound healing.15 The healing of chronic 
wounds presents a significant challenge that requires urgent attention in clinical practice. Chronic wound healing is 
fundamentally a dynamic process that facilitates the regeneration of biological functions in injured tissues, including the 
inflammatory response, cell proliferation, reepithelialization, collagen formation, angiogenesis, and tissue remodeling16 

(Figure 2). During the wound healing process, there are a large number of basal cells around the injury site, which divide 
into various cells through mitosis, such as monocytes, fibroblasts, endothelial cells, etc. Monocytes migrate from the 
blood to various tissues to form macrophages, which are crucial components of the immune system and have functions 
such as phagocytosis of pathogens, immune regulation, tissue repair and remodeling. Fibroblasts are involved in the 
renewal and remodeling of extracellular matrix, promoting cell proliferation, migration and differentiation by secreting 
growth factors, and thereby facilitating the re-epithelialization of wounds. Endothelial cells secrete various bioactive 
substances, such as nitric oxide (NO), endothelin (ET), vascular growth factor (VEGF), etc. Under the guidance of 
signals like VEGF, they migrate and proliferate to form vascular buds, which form functional vascular networks with 

Figure 1 The specific process of autophagy in cells. Under the stimulation of oxidative stress and other conditions, cells activate the autophagy mechanism, activating the 
PI3K signaling pathway to form the RIPK3 complex and the mTOR-related signaling pathway to form the ULK1 complex. Under the combined action of the two, the 
autophagosome premembrane is formed. During the autophagy elongation, beclin-1 binds to PI3K and recruits ATG proteins to form a double-membrane structure. LC3-1 
is cleaved by ATG4 to form LC3-2, and with the help of the ATG family, it is located on the autophagosome membrane, marking autophagosome maturation. Ultimately, the 
autophagosome membrane enclosing the contents fuses with the lysosomal membrane to form autophagolysosomes, and the substrates they carry are degraded into small 
molecules such as amino acids and fatty acids (figure was created with Biorender.com).
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adjacent blood vessels. New blood vessels provide nutrients and oxygen for granulation tissue formation, thereby 
promoting wound tissue remodeling and accelerating wound healing.17–19 However, chronic refractory wounds are 
frequently characterized by inflammatory cell infiltration, which impedes vascular regeneration and the formation of a 
vascular network, ultimately prolonging the healing time. Research indicates that the primary cause of delayed healing in 
chronic wounds is the persistent infiltration of inflammatory cells, which extends the inflammatory reaction period and 
adversely affects vascular regeneration and network formation.20

Endothelial Cells Participate in Wound Healing
Skin wound healing results from the interplay of various cell types and active factors. Endothelial cells play a crucial role 
during angiogenesis, as they branch from existing vessels to create immature new vessels through a process known as 
“budding.” In chronic refractory wounds, a significant number of endothelial cells migrate to the wound periphery, where they 
develop into vascular buds. These buds penetrate the basement membrane, invade the extracellular matrix, and extend to form 
branches, ultimately creating a vascular network within the wound. The reduced blood supply to the injured area promotes 
hypoxia in the wound tissue, which stimulates the formation of new blood vessels to enhance wound healing and accelerate 
cellular metabolism.21 When the wound healing is in the inflammatory development stage, the space between vascular 
endothelial cells widens under the action of bradykinin and histamine, the permeability of the vessel wall increases, and 
plasma components exude. The platelet-derived growth factor (PDGF)secreted by them promotes the proliferation and 
migration of endothelial cells. Consequently, the newly formed granulation tissue is rich in capillaries, which proliferate, 
migrate, and extend toward the healing area under the influence of various angiogenic factors. The migration of endothelial 
cells is facilitated by plasminogen activator and collagenase, which they produce. As a result, bud-like capillaries develop 

Figure 2 Healing process of chronic wounds.The healing process of chronic difficult-to-heal wounds begins with the production of inflammatory cells around the injury site, 
the secretion of inflammatory factors and then the inflammatory response, and the migration of the existing basal cells to the wound, which through division and value-added 
formation of monocytes, fibroblasts and endothelial cells. Monocytes migrate and differentiate into macrophages, which are capable of phagocytosis and digestion of 
pathogens, dead cells and foreign bodies. Angiogenic factors secreted by endothelial cells and extracellular matrix secreted by fibroblasts promote the formation of new 
blood vessels, which in turn promotes the remodeling of the wound and accelerates wound healing (figure was created with Biorender.com).
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within the granulation tissue, extending and fusing to create a network that ultimately forms new blood vessels, allowing for 
blood inflow.22,23 Intracellular reactive oxygen species (ROS) exhibit dual effects on angiogenesis, promoting neovascular
ization at low levels while inhibiting the proliferation, migration, and neovascularization of vascular endothelial cells at 
elevated levels.24 During the initial phase of wound healing, intracellular ROS levels significantly increase, prompting cells to 
adopt a healing state. However, inflammatory cells also release substantial amounts of ROS through respiratory bursts to 
combat infection. Excessive ROS levels can adversely affect cell proliferation and migration, induce apoptosis, impede wound 
healing, and potentially lead to scar hyperplasia.25 In diabetic wounds, hyperglycemia stimulates ROS production and reduces 
nitric oxide levels in vascular endothelial cells, severely impairing their normal function, delaying wound healing, and 
potentially resulting in non-healing wounds.26 Coordinating oxidation and antioxidation may represent an optimal strategy for 
wound treatment to regulate the levels of reactive oxygen species (ROS) essential for the healing process, preventing 
excessive ROS expression that could impede vascular endothelial cell proliferation, migration, and angiogenesis, thereby 
potentially delaying or halting wound healing progress.27

The formation and functional maturation of new blood vessels are initiated by endothelial cells through two primary 
processes: proliferation and migration. Following injury, the proliferation of vascular endothelial cells increases, and the 
secretion of angiogenic factors promotes rapid vascular growth.28 Angiogenic factors are crucial for the formation of new 
blood vessels and can be categorized into two groups. The first group includes basic fibroblast growth factor (bFGF) and 
PDGF, which induce endothelial cell chemotaxis and stimulate cell division and proliferation. The second group 
comprises transforming growth factor-β (TGF-β), transforming growth factor-ɑ(TGF-ɑ), and angiopoietin, which inhibit 
endothelial cell proliferation, promote differentiation, and facilitate the formation of interconnected open capillaries.29 

Vascular endothelial growth factor (VEGF) is a crucial mediator in promoting vascular growth, essential for effective 
wound healing. VEGF specifically stimulates mitosis in vascular endothelial cells, triggering the production of proteases, 
migration towards signaling cues, cell proliferation, and ultimately tube formation and differentiation in endothelial cells. 
It enhances the proliferation of vascular endothelial cells in vitro and induces angiogenesis in vivo.30 During wound 
healing, VEGF prompts coagulation factors to support endothelial cell function by increasing vascular permeability, 
facilitating new blood vessel formation. Additionally, it modulates the balance between enzyme activators and inhibitors 
in the local vascular environment, creating a proteolytic milieu that encourages endothelial cell migration beyond 
customary boundaries.31 As blood reaches tissues post-neovascularization, oxygen levels rise, leading to decreased 
hypoxia-inducible factor-1 (HIF-1) activity, reduced VEGF secretion, and gradual cessation of angiogenesis.32 The roles 
and implications of VEGF family factors in various diseases are detailed in Table 1. Therefore, vascular endothelial cells 
not only play an important role in angiogenesis, but also accelerate proliferation and migration through autocrine and 
paracrine mechanisms, thus promoting wound healing.

Table 1 Various Factor Functions of the VEGF Family

VEGF 
Family

Function Related Disease Research

VEGF-A Highly specific; promotes endothelial cell proliferation and migration; 

increases vascular permeability

Vascular calcification;33 hepatocellular carcinoma;34 

brain metastases from non-small cell lung cancer cells35

VEGF-B Potent antioxidant; promotes angiogenesis and maintains vascular 

homeostasis; regulates energy metabolism

Retinopathy;36 Cardiovascular aging;37 Preeclampsia38

VEGF-C Promotes lymphangiogenesis; angiogenesis and permeability regulation; 
affects neurodevelopment and blood pressure

Alzheimer’s disease;39 Neoplasms;40 Neurodegenerative 
diseases41

VEGF-D Stimulate endothelial cell proliferation and migration; participate in 

lymphatic and angiogenesis

Adenovirus;42 lymphangiomyomatosis;43 ovarian 

cancer44

VEGF-E Virus-encoded vascular endothelial growth factor homolog; promotes 

angiogenesis and increases vascular permeability; regulates inflammatory 

response; affects apoptotic process

Ischemic stroke;45 cervical cancer;46 angiomatous 

lesions47

PIGF Promote placental angiogenesis and maintenance; ensure fetal blood supply 

and nutrient exchange

Preeclampsia;48 cognitive impairment;49 fetal growth 

restriction50
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Wound Healing and Autophagy
During chronic refractory wound healing, factors such as mitochondrial stress, inflammatory mediators, hypoxia, and 
infection can trigger autophagy in vascular endothelial cells. This process subsequently impacts both the structure and 
function of these cells, thereby modulating apoptosis and disrupting normal wound healing. It has been pointed out that 
proper autophagy contributes to angiogenesis and tissue repair. Because proper autophagy not only needs to maintain a 
certain basic autophagic activity of the cell to remove aged or damaged organelles, protein aggregates, etc., but also 
needs to be induced by stress to activate autophagy, when the cell is faced with nutrient deficiencies, oxidative stress, 
infections and other stresses, autophagy will be activated to enhance the ability to remove harmful substances, helping 
the cell to survive.51 According to the findings,52,53 vascular endothelial autophagy plays a role in the wound healing 
process in the following ways:

Autophagy and the Inflammatory Response
During wound inflammation, vascular endothelial cell autophagy plays a crucial role in influencing the survival of 
inflammatory cells, the release of inflammatory factors, and the elimination of invading pathogens. It exerts anti-infective 
effects, negatively regulates the inflammatory response, partially modulates the wound’s inflammatory reaction, and 
promotes wound cleansing and healing.54 Gao Haixia55 demonstrated that the knockout of the endothelial cell autophagy- 
related gene Atg7 reduces the secretion of inflammatory factors in diabetic wounds and modulates the wound healing 
process via a paracrine pathway. Atg7 is a critical protein involved in cell autophagy, mitophagy, and the induction of the 
mitochondrial stress response, thereby regulating cell cycle. In the study conducted by Pan Dongmei et al56 it was found 
that the novel MoS2 nanoenzyme protects against inflammatory endothelial cell injury by regulating mitophagy and 
vascular endothelial cells, suggesting its potential for preventing and treating diseases related to chronic inflammatory 
vascular endothelial damage.

Gene knockout technology serves as a pivotal method in molecular biology, fundamentally based on the targeted 
removal or inactivation of specific genes within an organism. This approach allows for the observation of resultant 
phenotypic changes, thereby elucidating the direct causal relationship between genes and phenotypes. The technology 
offers highly precise gene-targeting tools that facilitate the investigation of wound repair mechanisms and enable a 
systematic analysis of the roles of specific genes in critical biological processes, including tissue regeneration, inflam
mation regulation, and cell proliferation. Nonetheless, gene knockout technology is confronted with significant safety 
concerns in practical applications. The procedure may inadvertently induce unexpected gene mutations or alterations in 
chromosomal structure, potentially disrupting normal immune regulatory functions and leading to abnormal immune 
responses or the onset of autoimmune diseases. Furthermore, the long-term biological effects and genetic stability 
associated with gene editing remain inadequately studied and understood, rendering the prediction and control of its 
potential risks challenging. Consequently, the clinical application of gene knockout technology has been mired in 
extensive ethical scrutiny and safety debates. Such controversies have hindered the translation and implementation of 
this technology in clinical contexts, such as wound treatment. Currently, its use in human medicine is primarily confined 
to basic research and preclinical testing stages.

Autophagy and Neovascularization
During wound angiogenesis, autophagy in vascular endothelial cells eliminates damaged organelles and proteins, 
decreases the buildup of harmful substances, enhances cell survival, and exerts anti-apoptotic and anti-oxidative effects. 
Additionally, autophagy breaks down and reuses cellular components, supplying essential nutrients and energy for new 
tissue formation and vascular regeneration, thereby promoting vascular endothelial cell development.57 Wei Haibin58 

demonstrated in animal experiments that the autophagy of vascular endothelial cells regulates the activity of apoptosis 
factors, including Bcl-2 and Caspase-8. This regulation influences the death receptor pathways associated with apoptosis 
and endoplasmic reticulum stress, subsequently affecting vascular permeability and leukocyte adhesion. Hao Dan et al59 

reported that the expression of LC3-II and Beclin-1 in vascular endothelial cells was upregulated, which activated 
autophagy, contributed to the oxidative stress response in endothelial cells, facilitated the degradation of oxidative 
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proteins, and induced apoptosis. Li Yuanyuan60 found that H2S may inhibit both autophagy and apoptosis in vascular 
endothelial cells by activating the PI3K/Akt/mTOR signaling pathway, thereby promoting angiogenesis in wound tissue 
and enhancing diabetic wound healing.

Animal wound models, with their capacity to closely mimic the human wound healing process, have demonstrated 
significant value in drug development and the investigation of wound healing mechanisms. They serve as essential tools 
for the comprehensive exploration of related pathophysiological processes and the evaluation of potential treatment 
options. Nonetheless, these models encounter several challenges in practical applications. Firstly, inherent species 
differences can compromise the accuracy and reliability of translating results from animal experiments to human clinical 
trials. This discrepancy may result in certain drugs or therapies that appear effective in animal models proving ineffective 
or even posing safety risks in human trials. Secondly, as awareness of animal welfare increases and ethical standards 
become more stringent, the use of animal models faces growing ethical restrictions, which, to some extent, limits the 
scope of experimental research.Moreover, the construction and maintenance of animal wound models typically necessi
tate significant financial investment. This includes expenses related to the procurement and sustenance of experimental 
animals, the utilisation of specialised equipment, and the training of technical staff, all of which contribute to elevated 
research costs. Simultaneously, the establishment of these models, along with subsequent observation and detection 
procedures, is relatively intricate. This complexity demands a high level of technical expertise from experimental 
personnel, thereby not only increasing the operational challenges but also presenting substantial obstacles to large- 
scale experimental research. The cumulative impact of these factors hinders animal wound models from adequately 
addressing the practical requirements for extensive screening and the swift advancement of clinical translation applica
tions. Consequently, there is an urgent necessity to explore and develop more refined alternative research models.

Autophagy and Scar Repair
Autophagy of vascular endothelial cells can regulate the production of transforming growth factor-β (TGF-β) by cells, 
expel “abnormal” extracellular matrix from cells, and reduce wound scar hyperplasia.ZAMANI61 reported decreased 
expression levels of TGF-β1and VEGF in treatment groups in an in vitro wound healing model, validating the efficacy of 
alginate hydrogel with losartan in wound repair through scar size reduction and tissue remodeling. Losartan mitigates 
angiotensin II–induced damage to endothelial cells by inhibiting the angiotensin II-receptor connection. It modulates 
endothelial cell autophagy levels and enhances autophagy, thereby ameliorating endothelial cell function via activation of 
the AMPK signaling pathway.62.

In vitro wound healing models offer several advantages for research applications, including the ability to create 
wounds of varying types and sizes, effectively simulate multiple stages of inflammatory responses, and observe the 
migration behaviours of epithelial cells and fibroblasts. Additionally, these models feature a relatively straightforward 
operational process and low experimental costs, rendering them suitable for large-scale preliminary screening and 
mechanism exploration. However, they also exhibit notable limitations, the most significant being their inability to 
replicate the complex physiological environment of the body. This includes the absence of functional vascular networks, 
the involvement of various immune cells, and in vivo factors such as neural and endocrine regulation. Consequently, 
these models struggle to accurately represent the dynamic distribution, metabolic processes, and specific target sites of 
drugs in actual wounds, thereby constraining their value in translational medicine research.

Autophagy therapy, as a disease treatment approach that has emerged in recent years, plays a significant role in the 
clinical treatment of various diseases. By targeting and regulating the relevant autophagy proteins or signaling pathways 
in diseases and precisely delivering drugs to therapeutic targets, the therapeutic effect can be improved and the side 
effects caused by drugs can be reduced. Therefore, autophagy therapy has broad prospects for development in clinical 
practice and is expected to become a new treatment option for various diseases. Provide a theoretical basis for the 
research and development of new types of traditional Chinese medicine plasters.

Drug Development and Challenges in Clinical Targeted Therapy
The new type of Chinese herbal ointment refers to the combination of advanced technological means on the basis of 
traditional ointment or compound formula to precisely locate the therapeutic target point and regulate the relevant 
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signaling pathway, so as to enhance the therapeutic effect, safety and popularity. For example, MEBO, Shengmian Yu 
Hong Ointment and Comfrey Ointment are new types of Chinese herbal ointment for clinical treatment of wounds. After 
relevant studies, it was found that MEBO can regulate the expression of TNF-a, IL-6, mTOR and other factors, reduce 
inflammatory response and promote wound healing.63 Comfrey ointment can increase the expression of VEGF and other 
growth factors, improve local blood circulation, accelerate the growth of traumatic granulation tissues and epithelializa
tion process and so on.64 Therefore, this paper provides a theoretical basis for the development of a new type of herbal 
ointment that promotes wound healing by regulating vascular endothelial cell autophagy by exploring the connection 
between the mechanism of vascular endothelial cell autophagy and the healing of chronic difficult-to-heal wounds.

Clinical targeted autophagy therapy may face multiple challenges. Firstly, autophagy has a dual function. In the early 
stage of tumors, autophagy can inhibit tumor occurrence by eliminating damaged organelles. However, in the advanced 
stage, autophagy may not provide nutritional support for the survival of tumor organelles, which requires precise control 
of the degree of autophagy in cells to avoid excessive autophagy or inhibit autophagy.65 Secondly, the level of autophagy 
in cells is related to tissue specificity. There are significant differences in the expression levels and functions of 
autophagy-related proteins (such as LC3 and ATG5) in different tissues, which can lead to inconsistent drug delivery 
efficiencies.66 Clinical targeted autophagy therapeutic drugs may also cause drug delivery and toxicity issues, as 
autophagy is a widespread cellular metabolic process. Systemic inhibition of autophagy may lead to serious side effects, 
such as autophagy deficiency causing myocardial cell damage and neurodegeneration.67 At present, in vivo measurement 
of autophagic flux in human wounds mainly relies on technological extensions in animal model research, and there is no 
non-invasive, real-time measurement method that is fully applicable to the human body. Animal experimental wound 
models obtain wound tissue samples and use experimental techniques such as immunofluorescence, genetic testing, and 
transmission electron microscopy to detect changes in the expression and distribution of autophagy-related proteins (such 
as LC3 and p62), which indirectly reflects autophagy flux. However, the accuracy, effectiveness and safety of these 
technologies for measuring human wounds have yet to be studied. In the future, it is necessary to develop safer, non- 
invasive and in vivo measurement and quantification technologies for real-time monitoring of autophagic flux in human 
wounds. In addition, precisely delivering biological agents to specific cells in chronic and refractory wounds requires 
precise regulation of autophagy targets and signaling pathways. However, there are currently no reliable biomarkers that 
can predict the response of autophagy inhibitors to wound cells. Moreover, external conditions or changes in the internal 
environment can also affect the accessibility and localization accuracy of the targets. Since people’s understanding of the 
autophagy mechanism is mostly still at the theoretical and animal experiment stage, transforming theoretical research 
into clinical research means conducting a large number of ethical experiments for verification.

Conclusions
The treatment of chronic and refractory wounds remains a major challenge in medicine. Both traditional Chinese 
medicine and Western medicine have limitations in clinical treatment. Traditional Chinese medicine mainly focuses on 
the mechanism research of one-way pathways such as herbal medicines, compound prescriptions, and external treatments 
of traditional Chinese medicine, lacking a systematic network analysis of “multi-component - multi-target - dynamic 
regulation”. The absence of objectification of syndrome differentiation standards leads to significant fluctuations in 
therapeutic effects. In Western medicine, techniques such as negative pressure drainage and flap transplantation are 
mainly used for treatment. For instance, stem cell therapy, as an emerging method for treating wounds, has achieved 
remarkable therapeutic effects. However, due to the risks of unexpected differentiation and genomic instability, as well as 
the high cost of treatment, it is difficult to be widely popularized in clinical practice. Therefore, there is an urgent need to 
seek new solutions for improving the clinical treatment of chronic and refractory wounds. Vascular endothelial cells, as 
one of the key cells for forming new blood vessels during wound healing, participate in the important stage of wound 
healing. They promote angiogenesis and tissue remodeling by secreting various growth factors and activating related 
signaling pathways. The signaling pathways of vascular endothelial cells are mainly related to proteins such as protein 
kinase C and MAPK. Various inflammatory mediators and cytokines act on MAPK or connexin by activating down
stream Rho kinase, causing the tight junctions and adhesion junction structures between vascular endothelial cells to 
loosen, increasing vascular permeability and reducing blood volume. As an autophagy signaling factor, MAPK can 
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interact with other proteins to induce autophagy in cells and maintain the homeostasis of the intracellular environment. 
This indicates that the growth factors secreted by vascular endothelial cells may, under certain conditions, be able to 
combine with MAPK protein to activate the autophagy mechanism of cells. Therefore, in-depth exploration of the 
sequential regulatory rules of vascular endothelial cytokines and autophagy-related signaling pathways, combined with 
the exploration of metabolokinetics to explore the dynamic action trajectory of the wound microenvironment, provides a 
new direction for the clinical treatment of chronic refractory wounds.
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