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Abstract. Esophageal squamous cell carcinoma (ESCC) is a common gastrointestinal tumour, 

and approximately 300,000 people worldwide suffer and lose their lives to esophageal cancer 

every year. This research will investigate the pathogenesis of ESCC caused by heat stress, and 

investigate the current state of research and future development of targeted and 

immunotherapeutic strategies based on the signaling pathways and key proteins associated with 

ESCC. In heat stress-induced ESCC, TRPV2, a temperature-sensitive gene, has been analysed 

as an important pathogenetic mechanism leading to ESCC by promoting the heterogeneous 

proliferation of esophageal epithelial cells as well as their metastasis and development. As for 

targeted therapy and immunotherapy, the advantages of targeting EGFR and PD-1/PD-L1 

(ligands of PD-1) for ESCC over surgery and chemotherapy were analysed respectively. The 

above analyses will provide an important research direction for future research on the 

pathogenesis of ESCC and the development of related therapeutic strategies in this field. 
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1.  Introduction 

Esophageal squamous cell carcinoma (ESCC) is a prevalent form of malignant tumor found in the 

gastrointestinal tract, originating from the epithelial cells in the mucous membranes of the esophagus. 

ESCC tends to occur in the lower part of the oesophagus, which mainly includes the abdominal 

esophagus and the gastro-esophageal junction, with invasion of surrounding tissues and organs 

occurring during progression. Early symptoms of ESCC are not obvious and are similar to those of acute 

upper respiratory tract infections caused by viruses or bacteria, and are therefore not easily noticed by 

patients, resulting in the vast majority of patients being in the middle to late stages of the infection when 

the disease is diagnosed. Hundreds of thousands of cases of ESCC are diagnosed worldwide every year, 

and the disease develops so rapidly that it is often detected only when the condition is already quite 

serious, which makes squamous cell carcinoma of the esophagus not easy to be cured. The early 

identification, diagnosis, and treatment of ESCC play a crucial role in minimizing morbidity and 

mortality rates while enhancing the quality of life for patients. The dangers of ESCC are mainly 

manifested in the following aspects. ESCC is characterized by a high incidence rate and a rapidly 

progressing nature. In the initial stages, the condition often presents without any noticeable symptoms. 

However, some patients may experience a sensation of a foreign body in the esophagus, difficulty 

swallowing hard or coarse food, and a feeling of obstruction or stagnation in the throat. They may report 

discomfort behind the sternum, a burning sensation, and hoarseness. These subtle symptoms can 
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significantly impact the quality of life, yet they might be easily overlooked, leading to delayed diagnosis 

and treatment. Once the condition worsens, it will jeopardize the health of the patients to a great extent. 

The clinical manifestations of ESCC are complex and varied, and symptoms such as chest pain, 

hemoptysis and dyspnea may occur, which seriously affect the quality of life for patients. Due to the 

rapid deterioration of ESCC, it often leads to distant metastasis and local infiltration, which creates 

uncertainty and certain difficulties in the treatment of patients. The current pathogenesis of ESCC is 

cumbersome, the methods of prevention and treatment are limited, and the survival rate of patients is 

low, these place a significant burden on the patient’s family and society. 

The causative factors of ESCC are extremely diverse and are mainly associated with long-term 

smoking, alcohol consumption, poor dietary habits, genetic factors, chronic inflammation of the 

esophagus, and heterogeneous proliferation of the esophageal epithelium. At present, research in ESCC 

is mainly focused on clinical treatment and basic science. In terms of clinical treatment, surgical 

resection is the main treatment method, which can achieve better curative effect for patients with early 

ESCC. For advanced patients, due to the rapid progression of the disease, it may not be possible to 

completely remove the tumour by surgical means such as local excision or total esophagectomy to 

remove only part of the lesion. Therefore, it is often necessary to assist in the control of the disease by 

irradiation of the diseased area with high-energy radiation to kill the cancer cells, reduce the size of the 

tumour and the symptoms, and at the same time to protect the surrounding normal tissues with 

radiotherapy or chemotherapy that uses chemicals to kill the tumour cells. Immunotherapy plays a 

crucial role in the treatment of ESCC by harnessing the body’s immune system to combat cancer. This 

approach works by stimulating T-cells and other effector cells, particularly in cases where tumor gene 

mutations occur and the immune monitoring system fails to recognize cancerous cells. Additionally, 

targeted therapy and radiotherapy are vital treatment modalities for ESCC, as they focus on specific 

molecular targets associated with the cancer. These therapies are designed to eradicate cancer cells with 

enhanced precision, thereby minimizing damage to surrounding healthy tissues. Together, these 

innovative treatment options represent a comprehensive strategy to effectively manage ESCC. 

In the basic sciences, current research focuses on the following areas. Although the mechanism is 

still unclear, researchers hope to reveal the pathogenic mechanism of ESCC by studying the genetic 

variations of cancer cells and the abnormal activation of signaling pathways. For instance, the 

temperature-sensitive gene TRPV2 is significantly overexpressed in ESCC, and patients with high 

TRPV2 levels tend to have a poor prognosis. Research involving experiments conducted both in vitro 

and in vivo has shown that TRPV2 activates the HSP70/27 and PI3K/Akt/mTOR signaling pathways, 

facilitating the development and metastasis of cancer cells characterized by squamous heterogeneous 

hyperplasia in the esophageal epithelium [1]. Regarding prevention and screening for ESCC, early 

diagnosis is crucial for the treatment of ESCC. Therefore, finding high-risk groups and exploring 

effective screening methods have become the focus of current research. In recent years, screening using 

a combination of blood biomarkers and imaging can improve early detection rates. In addition, based 

on the molecular characteristics of ESCC cells, researchers are exploring strategies for targeted therapies. 

By targeting inhibitors of EGFR, VEGFR, HER2 and other signaling pathways, the growth and spread 

of cancer cells can be effectively blocked [2]. Immunotherapy, as one of the current hot spots in cancer 

treatment, has also been incorporated into research on the treatment of ESCC in recent years. 

Immunotherapy aims to kill cancer cells by stimulating the patient's immune system. To date, 

immunotherapy has achieved notable findings in a specific group of patients. Overall, some progress 

has been made in the study of ESCC, but many challenges remain. Some patients are resistant to existing 

treatments and their prognosis remains poor. Therefore, the research direction will focus on the 

development of individualized therapeutic strategies, targeted drug research and clinical trials to further 

explore the pathogenesis of ESCC and to find more effective preventive and therapeutic methods to 

alleviate the suffering of patients and the burden of the disease on the society. The aim of this research 

is to investigate the pathogenesis of ESCC caused by heat stress and the targeted, immunotherapeutic 

strategies based on the signaling pathways and key proteins associated with ESCC. 
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Figure 1. TRPV2 is overexpressed in ESCC cells, and its hyperactivation enhances cellular proliferation 

[1]. (a) Western blotting analysis. (b) Densitometric quantification analysis. (c) ICF staining analysis. 

2.  Pathogenesis analysis based on heat stress 

Heat stress refers to the overall non-specific reactions of humans or animals in response to excessively 

high temperatures that surpass their thermoregulatory capabilities. Thermoregulated animals have 

isothermal zones, and when the surrounding temperature falls within this range, they can maintain their 

normal body temperature through their natural thermoregulatory mechanisms. However, when the 

ambient temperature exceeds the upper limit of an animal’s isothermal zone, it experiences heat stress. 

As an important factor leading to ESCC, environmental factors, including long-term use of overheated 

food, drinking overheated beverages, and repeated thermal stimulation and damage to the esophageal 

epithelial mucous, may greatly lead to the esophageal epithelial cell anisotropic hyperplasia, which will 

increase the risk of cancerous transformation to ESCC [3]. The temperature sensitivity-related gene 

TRPV2 is a non-selective cation channel on the cell surface, and the TRPV2 gene is activated after 

exposure to injurious high temperatures, i.e., physicochemical stimuli such as temperatures greater than 

52 °C, and exhibits an important place in the body’s reaction to environmental pressure. In recent years, 

the TRPV2 gene has been shown to have oncogenic activity in a type of cancers, including breast cancer 

[4]. As shown in Figure 1, TRPV2 gene expression is up-regulated at both transcriptional and 

translational levels in cancerous cell lines compared to normal esophageal squamous epithelial cells by 

studying TRPV2 gene expression therein in both cell lines and cancerous tissues of ESCC. In cancerous 

tissue, the expression of the gene remained higher than in normal esophageal tissue. 

To investigate the effect of TRPV2’s expression on the occurrence and migration of cancerous cell 

lines or tissues, the expression of TRPV2 in the prognostic stage of ESCC was studied using the level 

of TRPV2 gene expression as a classification criterion, and the obtained curves showed that compared 

with the group of low TRPV2 expression, the overall survival and progression-free survival period of 

the patients who showed the phenomenon of high TRPV2 expression were significantly shorter. As 

shown in Figure 2, patients with high TRPV2 gene expression exhibited significantly shorter overall 

survival and progression-free survival when compared to those with low TRPV2 expression. The high 

expression of TRPV2 gene is a typical factor that allows patients with ESCC to show poor prognosis 

phenomenon. 

To address the specific place of TRPV2 in the development of ESCC, it was found that the condition 

that could significantly promote the proliferation of cancerous cells was the activation of TRPV2 gene 

expression by thermal stimulation at 54 °C, and the ability of cancerous cells to migrate was found to 

be significantly enhanced by the activation of the TRPV2 gene by the cell scratch assay. Using 

antagonists or knocking out the TRPV2 gene will inhibit the proliferation of cancerous cell and the 

migration of cancerous cell lines and tissues to some extent. The TRPV2 gene is an oncogenic factor in 

ESCC, and that activated TRPV2 results in the promotion of cellular heterogeneous proliferation, 

migration and invasion of cancerous cell lines and cancerous tissues in ESCC. High temperature (≥ 54 

℃) stimulation of the temperature-sensitive gene TRPV2 leads to the development and metastasis of 

ESCC. That is, heat stress causes heterogeneous proliferation of esophageal epithelial cells and promotes 

their development and metastasis, which is an important pathogenic mechanism leading to ESCC. 
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Figure 2. Elevated levels of TRPV2 expression were linked to poorer survival outcomes in ESCC [1]. 

(a) Survival curves. (b) Disease-free survival analysis. 

3.  Development of targeted therapy and immunotherapy in ESCC 

Targeted immunotherapy encompasses both targeted therapy and immunotherapy. Targeted therapy is 

a treatment that operates at the cellular and molecular level, focusing on specific cancer-causing sites, 

such as protein molecules or gene fragments within tumor cells. By creating a corresponding therapeutic 

drug, it can be introduced into the body to selectively bind to and act on these cancer-causing sites, 

leading to the death of tumor cells while sparing the surrounding normal tissue cells. Based on the 

different targeting sites, tumor-targeted therapy can be categorized into two primary types: tumor cell-

targeted therapy and tumor vascular-targeted therapy. Tumor cell-targeted therapy targets specific 

antigens or receptors found on the surface of tumor cells, whereas tumor vascular-targeted therapy 

focuses on specific antigens or receptors present on the surface of endothelial cells in tumor-associated 

new capillaries. While the targeted nature of monoclonal antibodies against tumor cells enhances their 

concentration in local tumor tissue, the process tends to be slower as these large molecules must first 

pass through the vascular endothelial barrier to reach their tumor cell targets. In contrast, vascular-

targeted drugs have the significant advantage of rapidly accumulating in high concentrations at the target 

site following administration. 

Immunotherapy is a therapeutic approach designed to artificially modulate the immune system, either 

by enhancing or suppressing its functions, depending on whether the immune status is low or high. The 

ultimate goal of this treatment is to effectively manage or cure various diseases. There are numerous 

immunotherapy techniques available, each suited for treating a wide range of health conditions. 

Specifically, immunotherapy for tumors focuses on invigorating the body’s immune response, enabling 

it to utilize its own immune capabilities to attack and destroy cancer cells and tumor tissues. Unlike 

traditional treatments such as surgery, chemotherapy, radiotherapy, or targeted therapy that primarily 

focus on directly targeting tumor cells, immunotherapy shifts the focus to the body’s immune system 

itself as the primary target.  

Because the incidence rate and mortality rate of ESCC are extremely high, its causative factors are 

extremely complex, diversified and variable, and because there are no obvious symptoms in the early 

stage, most of the patients are diagnosed only in the middle and late stages of the disease, resulting in a 

poor prognosis, and the role of the conventional treatments, such as surgical resection of the tumour, 

radiotherapy and chemotherapy, is already very minimal. Therefore, molecular targeted therapy and 

immunotherapy have successfully broken through the bottleneck period in the development of 

therapeutic strategies for ESCC [5]. 

For molecular targeted therapy, the target can distinguish cancerous cells from healthy cells, so an 

ideal target is the key to the success of targeted therapy. In recent years, epidermal growth factor (EGFR), 

vascular endothelial growth factor (VEGF), and its receptor (VEGFR), human epidermal growth factor 

receptor 2 (HER-2), the cellular tight junction protein CLAN18, mammalian target of rapamycin 

(mTOR), the complex kinase receptor (MET), and apoptosis inhibitory proteins (XIAP). If targeting 
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EGFR, which is a tyrosine kinase receptor, it can cause downstream tyrosine kinase activation. 

Numerous researches have shown that tumour development is closely related to the abnormal expression 

of EGFR [6]. In ESCC, however, the frequency of high expression of the EGFR gene is slightly higher 

than in other cases, reaching approximately 60-70%, and has been shown to be an independent risk 

factor leading to a very poor prognostic situation in patients [7]. 

For immunotherapy, in order to prevent tumours from achieving immune escape by expressing 

immune checkpoint protein molecules that inhibit T-cell immunity, immunotherapy for ESCC has been 

rapidly developed in recent years to allow the immune response to proceed normally by re-establishing 

the recognition and killing ability of immune cells. To date, the immunotherapy for ESCC has primarily 

focused on programmed death receptor 1 (PD-1), programmed cell death ligand 1 (PD-L1), and 

cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4). For instance, in the case of PD-1/PD-L1 

interactions, it has been demonstrated that prolonged expression of PD-1 on T cells can result in T 

lymphocyte exhaustion [8]. PD-L1 is a ligand for PD-1 and is found in various human cancer cells. It 

helps tumors evade the immune system by interacting with PD-1 receptors on T cells. Consequently, by 

blocking the interaction between PD-1 on T cells and PD-L1 on tumor cells, we enable the immune 

system to activate effectively and mount an anti-tumor response [9]. 

Molecular targeted therapies and immunotherapies offer innovative approaches for the treatment of 

ESCC. These therapeutic modalities not only enhance our awareness of cancer biology but also pave 

the way for the development of more effective treatment strategies. As research in this field continues 

to evolve, it is critical to explore these avenues further, as they hold significant promise for improving 

patient outcomes in ESCC. Future investigations should focus on optimizing these therapies and 

understanding their mechanisms to develop integrated treatment plans that can ultimately lead to better 

survival rates and patients’ quality of life. 

4.  Conclusion 

The analysis concluded that high temperature (≥ 54 ℃) stimulation of the temperature-sensitive gene 

TRPV2 leads to the development and metastasis of ESCC, which promotes the heterogeneous 

proliferation of esophageal epithelial cells and thus achieves the pathogenic result. For targeted therapy, 

the target distinguishes cancerous cells from healthy cells, for example, by targeting the EGFR gene, it 

was found that in ESCC, the frequency of high expression of the EGFR gene was slightly higher than 

in other cases, reaching about 60-70%, which was proved to be the cause of poor prognosis of the 

treatment. For immunotherapy, the normal operation of immune function is achieved by rebuilding the 

recognition and killing ability of immune cells. For example, PD-L1 evades the attack of the body’s 

immune system by combining with PD-1 on the surface of T-cells, so it can activate the body’s immune 

system by blocking the combination between PD-1 on T-cells and PD-L1 on tumour cells, thus exerting 

the anti-tumour effect. In summary, molecular targeted therapy and immunotherapy can provide a 

direction for future research on therapeutic strategies for ESCC. 
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