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Abstract. Breast cancer has been recognized as the leading cancer worldwide and is one of the
most common diseases among women, with an incidence rate of up to 7.7%. The pathogenesis of
breast cancer can be categorized into congenital and acquired factors, including epigenetics and
mutations. The occurrence of breast cancer is closely related to acquired factors such as
environment, emotions, and diet. Numerous studies have demonstrated that L-theanine in tea can
intervene in the growth and spread of breast cancer cells, thus playing a role in the treatment and
prevention of breast cancer. This article provides an overview of the current research on the
prevention and treatment of breast cancer using L-theanine, and also prospects the future
development and application of L-theanine.
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1. Introduction

Breast cancer, as one of the common cancers in women, poses a serious threat to women’s health and its
incidence is increasing year by year [1]. Hormone levels, lifestyle habits, and living environment can all
affect the rate of breast cell carcinogenesis. Currently, the treatment of breast cancer mainly includes
radiation therapy, surgical resection, and other methods, which, although effective, also cause great
harm to the human body. Therefore, seeking a gentle treatment method is a hot topic in breast cancer
treatment. Tea, as one of the three popular beverages, is renowned worldwide for its rich nutritional
components and bioactive elements. L-theanine is a non-protein amino acid and the most abundant
amino acid in tea. It is mostly produced by the roots of tea plants and accumulated in the leaves through
photosynthesis [2]. Studies have shown that L-theanine can reduce the deterioration and metastasis of
tumor cells by reducing oxidative stress, regulating signaling pathways, and improving immune
function [3]. Tan et al. [4]found through toxicity studies that L-theanine is non-mutagenic, and further
experiments on mice confirmed that L-theanine is a safe and harmless supplement.

2. Mechanisms of Breast Cancer

Most breast cancers are caused by multiple, low penetrance cumulative mutations [1, 5]. Breast cancer
is a hormone-dependent cancer, and hormone levels are an important indicator of breast cancer
occurrence. Estrogen and progesterone receptors are present in many breast tumors, and imbalances in
hormone levels often induce the production of breast cancer cells. Many gene mutations have been
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found in breast cancer, from inherited mutations in genes such as BRCA1 and BRCA2 to somatic
mutations in body cells [6]. Mutations in key genes such as TP53, PIK3CA, and PTEN [7]have been
found in various subtypes of breast cancer and may lead to dysregulation of key cellular processes such
as cell cycle control and DNA repair.

In addition, epigenetic changes such as DNA methylation and histone modifications are also
involved in the development of breast cancer. In breast cancer cells, genes may undergo overall
hypermethylation to activate other normal genes in the body, causing chromosomal gene abnormalities
and genetic instability [8], while local genes may undergo hypermethylation due to silencing of DNA
repair genes, leading to gene suppression and genetic instability. The tumor microenvironment also
plays an important role in the development of breast cancer [9]. Tumor-associated fibroblasts, immune
cells, and other stromal cells can secrete growth factors and cytokines that promote tumor growth and
invasion [10]. Similarly, angiogenesis, the formation of new blood vessels to provide nutrients and
oxygen to the tumor, is also an important factor in tumor development.

3. Mechanism of L-theanine in the treatment of breast cancer

3.1. Inhibition of DNA methylation by L-theanine

The anticancer effect of L-theanine is related to its inhibition of DNA methylation. DNA methylation is
the most common type of chemical modification in epigenetics, where methyl groups are added to the
bases of DNA molecules [11]. DNA methylation can affect gene expression and regulate cellular
functions. Abnormal increase in DNA methylation increases the abnormal expression of tumor-related
genes, causing changes in chromosomal structure and genetic stability [11, 12], further contributing to
tumor development. Research has found that L-theanine can reduce the level of DNA methylation by
inhibiting the activity of DNA methyltransferases (DNMTs) [13], thus reducing the addition of methyl
groups. In addition, L-theanine can promote the activity of DNA methylation acid demethylases (TETs)
[14]and reverse DNA methylation by removing DNA methyl groups. At the same time, L-theanine can
effectively reduce DNA methylation to help restore methylated DNA. L-theanine can regulate gene
expression and affect cellular functions and proliferation processes. This regulatory effect helps to
inhibit the occurrence and development of breast cancer.

3.2. L-Theanine Inhibits the Spread of Cancer Cells and Induces Cell Apoptosis
L-theanine, as an adjuvant therapy for breast cancer, has been shown to effectively inhibit the growth
and metastasis of tumor cells. Studies have shown [15]that in SV40 rat models, administration of
L-theanine resulted in a decrease in the levels of the apoptosis regulator Bcl-2, but an increase in the
ratio of Bax/Bcl-2 proteins, which play a role in inducing cell apoptosis [16]. L-theanine induces cell
apoptosis by disrupting the mitochondrial pathway, inhibiting the further development and metastasis of
tumors. In addition, L-theanine can reduce the concentration of glutathione amide, thereby inhibiting
glutathione synthesis and increasing the concentration of tumor cells, preventing their efflux from
anticancer drugs such as amides. Furthermore, L-theanine promotes the transport of drugs to tumor cells,
reducing their drug resistance. L-theanine is a natural ingredient found in tea leaves, extensively studied
and found to have anti-cancer activity. Its mechanisms of action in breast cancer cells mainly involve the
inhibition of cell growth, proliferation, invasion, and induction of cell apoptosis. L-theanine can inhibit
important signaling pathways in cells, such as the cell proliferation pathway and the angiogenesis
pathway [17], thus slowing down the spread of breast cancer cells. Studies have shown that L-theanine
can regulate the adhesion and migration of breast cancer cells, reducing their invasion of surrounding
tissues. Additionally, L-theanine can also inhibit the migratory ability of breast cancer cells, reducing
their spread in the body.

L-theanine can regulate the cell cycle of breast cancer cells, causing them to stay in specific stages
necessary for apoptosis, while inhibiting the synthesis of cell cycle proteins, promoting cancer cells to
enter the apoptosis phase. Caspases, cysteine proteinases, are important active enzymes in cancer cell
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apoptosis, and L-theanine induces cancer cell apoptosis by signaling caspases activation. Furthermore,
L-theanine can cleave key proteins inside cells, triggering the apoptosis process.

In conclusion, L-theanine inhibits the spread of breast cancer cells and induces apoptosis through
mechanisms involving gene expression regulation, antioxidant activity, inhibition of cell adhesion and
migration, among others. These mechanisms work together and have significant implications for the
treatment of breast cancer.

3.3. L-Theanine Inhibits Tumor Angiogenesis

L-theanine, a natural antioxidant mainly found in green tea, has been shown to inhibit angiogenesis
[18]and can be used to prevent the occurrence of tumors such as breast cancer. Angiogenesis is a critical
factor in tumor growth and spread. Tumors require new blood vessel supply to provide nutrients and
oxygen, thus maintaining their growth and metastasis [19]. L-theanine can slow down the rate of
angiogenesis by inhibiting the expression of vascular endothelial growth factor, further reducing the
nutrient supply of tumor blood vessels from the external environment. L-theanine can also inhibit the
migration and proliferation of endothelial cells, which play a crucial role in the formation of new blood
vessels. L-theanine can inhibit the migration and proliferation of endothelial cells, thereby preventing
the formation of new blood vessels.

In addition, research has shown that L-theanine can induce angiogenic apoptosis, a process that
reverses angiogenesis. L-theanine can induce angiogenic apoptosis, thereby reducing the blood supply
to tumors [20].

In summary, L-theanine can inhibit tumor angiogenesis through various pathways, thus preventing
the occurrence of tumors such as breast cancer. Moreover, L-theanine also has antioxidant and
anti-inflammatory effects, which can help protect cells from oxidative stress and inflammatory damage
[21]. Therefore, L-theanine has potential applications in the prevention and adjuvant treatment of
tumors such as breast cancer.

4. Discussion

As a traditional Chinese beverage, tea has long been recognized for its rich nutritional content and
medicinal value. L-theanine, found in tea leaves, has recently gained attention for its various beneficial
effects, including immune modulation, attenuation of oxidative stress, alleviation of fatigue, and
prevention of tumor cell carcinogenesis. However, L-theanine is still in the stage of development.
Although it has been shown to effectively regulate immune function and prevent the occurrence of
related diseases, there is still limited research on its clinical applications.

The underlying mechanisms of action are not fully understood, and further studies exploring the
therapeutic dosage and mechanisms of L-theanine are needed. Combining L-theanine with drugs can
significantly enhance the efficacy of drug action and improve the precision of targeted therapy.
Compared to traditional cancer treatment methods, L-theanine can minimize the side effects of drugs on
patients, making it a highly promising therapy. Additionally, future research can delve deeper into the
molecular and structural aspects of L-theanine to investigate its impact on epigenetics, and potentially
address certain genetic diseases.

5. Conclusion

In summary, L-theanine has potential clinical applications as an adjuvant therapy for the treatment of
breast cancer. By reviewing and analysing relevant studies, the authors found that L-theanine has
significant anticancer effects on breast cancer patients in several aspects.

L-theanine possesses the ability to inhibit the growth and proliferation of breast cancer cells. This
includes inhibition of DNA methylation, cell cycle regulation and pro-apoptosis. In addition,
L-Theanine can inhibit breast cancer cell invasion and metastasis, effectively reducing the degree of
malignancy of the tumour. Secondly, L-theanine possesses selective toxicity to breast cancer cells.
Studies have shown that L-theanine can selectively inhibit the survival and proliferation of breast cancer
cells by regulating the redox state of cells, while having less effect on normal cells. This property offers
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the possibility of L-Theanine’s application in chemotherapy, which can alleviate patients’ adverse
reactions and side effects. In addition, L-theanine has anti-angiogenic properties. It has been found that
L-Theanine can inhibit the growth and spread of breast cancer by inhibiting the expression of vascular
endothelial growth factor (VEGF) and blocking the blood supply to tumours. This provides a new idea
for the application of L-theanine in the therapeutic strategy of blocking the blood supply to tumours.As
an adjuvant therapy for the treatment of breast cancer, L-theanine has shown significant anticancer
effects in the inhibition of breast cancer cell growth and proliferation, selective toxicity, and
anti-angiogenesis. However, although some studies have demonstrated the anticancer effects of
L-theanine, further studies are needed to verify its safety and efficacy in the clinic. In future studies,
emphasis should be placed on optimising the mode of administration and dosage of L-theanine, as well
as conducting more clinical trials to further clarify its specific application value in breast cancer
treatment.
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