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Abstract: Objective: This investigation delineates the anti-cancer potency of epigallocatechin-3-gallate (EGCG) in an 
oral cancer mouse model, with a focus on its effect on T-cell activation. Methods: An oral cancer model was established 
in male Balb/c mice using 4-nitroquinoline 1-oxide (4-NQO). The mice were systematically grouped and administered 
graded concentrations of EGCG. Key parameters such as body weight, hydration levels, tumor volume, and mass were 
meticulously tracked. T-cell activity and cytokine expression profiles, focusing on interleukin-2 (IL-2), interferon-gamma 
(IFN-γ), and tumor necrosis factor-alpha (TNF-α), were quantified using ELISA. A comprehensive statistical evaluation 
included one-way ANOVA, Tukey’s HSD multiple comparison test, and the Kruskal-Wallis non-parametric assessment. 
Results: EGCG-administered cohorts exhibited a pronounced reduction in tumor size and mass, with the high-dose group 
showing the greatest efficacy. ELISA findings corroborated a significant increase in T-cell activity and concomitant 
upregulation of key cytokines, including IL-2, IFN-γ, and TNF-α (P < 0.05). Conclusion: This investigation confirms the 
tumor-suppressive efficacy of EGCG in a murine oral squamous cell carcinoma model. The therapeutic effects of EGCG 
are mediated through T-cell activation and the upregulation of pivotal cytokine expression, highlighting its potential 
immunomodulatory role in oral cancer treatment.

Keywords: Epigallocatechin-3-gallate (EGCG); Oral squamous cell carcinoma (OSCC); 4-nitroquinoline 1-oxide (4-
NQO); Peripheral blood mononuclear cell (PBMC); Enzyme-linked immunosorbent assay (ELISA)

Online publication: September 26, 2024

1. Introduction
Head and neck malignancies, particularly oral cancer, have emerged as a significant public health 
challenge on the global health agenda. According to the Global Cancer Observatory (GLOBOCAN) 2020 
data on global cancer statistics [1], over 377,713 new cases of oral cancer were diagnosed worldwide, with 
more than 177,757 deaths, underscoring its substantial impact on public health. The incidence and mortality 
rates of oral cancer are steadily rising globally, a trend particularly pronounced in developing countries such 
as China. For instance, in Hunan Province, the number of new cases annually has reached approximately 
51,600, with around 23,200 
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deaths [2]. This increasing trend is closely associated with factors such as lifestyle changes, increased tobacco 
and alcohol consumption, and population aging.

Green tea, a distinctive type of tea in China, contains epigallocatechin-3-gallate (EGCG) as its primary 
active component, which is responsible for its anti-inflammatory, antioxidant, and anti-tumor properties. In 
recent years, research on EGCG has expanded, and clinical studies have found that EGCG, when combined 
with standard radiotherapy and chemotherapy, can enhance the treatment efficacy for oral cancer. However, the 
specific roles of EGCG in treatment and the mechanisms through which it exerts its effects remain unclear, and 
its broader application potential is still being explored.

In terms of treatment, traditional methods such as surgery, radiotherapy, and chemotherapy have 
achieved some success, but they remain limited in improving patients’ long-term survival rates and quality of 
life. Therefore, there is an urgent need to explore and develop new therapeutic strategies [3]. In this context, 
EGCG has garnered widespread attention in the scientific community due to its significant antioxidant, anti-
inflammatory, and anti-tumor effects [4].

2. Materials and methods
2.1. Experimental materials
Male Balb/c mice, aged 6–8 weeks and weighing 20–22 grams, were provided by Changsha Tianqin 
Biotechnology Co., Ltd. 4-Nitroquinoline-1-oxide (4-NQO, Sigma-Aldrich) was used to establish the oral 
cancer model, while epigallocatechin-3-gallate (EGCG, Sigma-Aldrich) was employed to test its inhibitory 
effects on the model. Ficoll solution (GE Healthcare) was utilized to isolate peripheral blood mononuclear 
cells (PBMCs) from whole blood samples collected from the mice. Enzyme-linked immunosorbent assay 
(ELISA) kits for interleukin-2 (IL-2), interferon-gamma (IFN-γ), and tumor necrosis factor-alpha (TNF-α) [BD 
Biosciences] were used to measure cytokine levels. Anti-CD3 and anti-CD28 antibodies (Abcam) were applied 
to activate T cells in vitro, and an ELISA microplate reader (Bio-Rad) was used to read the results.

2.2. Methods
2.2.1. Establishment of mouse oral cancer models
A total of 60 male Balb/c mice were acclimatized for one week in the animal facility of the Life Sciences 
Building at Changsha Medical University. The mice were housed with free access to food and water under a 
12-hour light/dark cycle, with the temperature maintained between 23°C and 26°C, and humidity controlled 
at 50 ± 5%. A 1% aqueous solution of 4-NQO was prepared with sterile distilled water and stored at 4°C in a 
light-protected refrigerator. For administration, it was diluted to 200 mg/L in tap water and provided in light-
protected bottles for ad libitum drinking. The mice were randomly divided into five groups, with 12 mice per 
group. Throughout the experiment, the activity of each group was observed daily. Every two days, the remaining 
water in the bottles was measured using a graduated cylinder, and weekly records of water consumption, 
drug intake, and body weight were maintained. Starting from the 12th week, the oral mucosa of the mice was 
examined weekly under mild anesthesia for any changes. The appearance of grayish-white exophytic masses 
was considered indicative of a successful oral cancer model establishment.

2.2.2. Administration of EGCG in the mouse oral cancer model
Mice with successfully induced oral cancer were divided into four groups: a model group, a low-dose group, 
a medium-dose group, and a high-dose group. EGCG was prepared in aqueous solutions of 30 mg/100 mL, 50 
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mg/100 mL, and 100 mg/100 mL using sterile distilled water. The mice were administered these solutions via 
gavage at a dosage of 30 mL per day, and their conditions were monitored throughout the experiment. At the 
end of the study, the mice were euthanized via cervical dislocation, and the tumor tissues were collected and 
weighed. The tumor inhibition rate (IR) was calculated using the formula: IR = (1 - average tumor weight of the 
experimental group/average tumor weight of the control group) × 100%.

2.2.3. Isolation of peripheral blood mononuclear cells
A total of 10 mL of whole blood was drawn from the mice and heparinized to prevent coagulation. Two 15 
mL centrifuge tubes containing 5 mL of Ficoll solution were prepared. The blood was diluted with an equal 
volume of phosphate-buffered saline (PBS) and gently layered over the Ficoll solution to prevent mixing. The 
tubes were centrifuged at 2,000 rpm for 20 minutes with the brake disengaged to ensure a gradual deceleration. 
After centrifugation, a white layer containing PBMCs was visible and carefully transferred into a clean 15 
mL centrifuge tube using a pipette. Five volumes of PBS were added to achieve a final volume of 10–15 mL, 
followed by centrifugation at 1,500 rpm for 10 minutes. This washing step was repeated twice. After discarding 
the supernatant, 10 mL of 1640 medium was added, and the solution was thoroughly mixed before counting and 
preparing the cells for further use.

2.2.4. Detection of T cell activity and cytokine expression of IL-2, IFN-γ, and TNF-α by ELISA
The isolated PBMCs were cultured in a medium containing anti-CD3 antibodies (1 μg/mL) and anti-CD28 
antibodies (2 μg/mL). The PBMCs were incubated at 37°C in a 5% CO₂ incubator for 2–3 days to activate T 
cells. After incubation, the culture medium was gently mixed and centrifuged at 1,500 rpm for 10 minutes to 
pellet the cells. The supernatant was collected, and ELISA kits were used to measure IL-2, IFN-γ, and TNF-α 
levels. The absorbance was measured at 450 nm using a microplate reader.

2.3. Statistical methods
Statistical analyses were performed using SPSS version 26. Quantitative data are presented as mean ± standard 
deviation (SD), while categorical data are expressed as rates or proportions. Analysis of variance (ANOVA) 
was conducted, followed by Tukey’s Honestly Significant Difference (HSD) multiple comparison test and the 
Kruskal-Wallis non-parametric test. A P-value of less than 0.05 was considered statistically significant.

3. Results
3.1. Establishment of the oral cancer model and effects of EGCG treatment
After 17 weeks of 4-NQO induction, 44 mice across the five groups successfully developed oral cancer, yielding 
a success rate of approximately 73.3% (Figure 1). Following 12 weeks of EGCG treatment, a dose-dependent 
anti-tumor effect was observed in the EGCG-treated groups. The average tumor volume in the control (untreated) 
group was 500 mm³, while the average tumor volumes in the low, medium, and high-dose EGCG groups 
decreased to 375 mm³, 297 mm³, and 196 mm³, respectively. Correspondingly, the average tumor weights were 
reduced from 1.514 g in the control group to 0.775 g, 0.523 g, and 0.315 g in the low, medium, and high-dose 
EGCG groups. The calculated tumor inhibition rates were 13.3%, 26.7%, and 46.4%, respectively.
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Figure 1. (A) Tumor volume; (B) Tumor weight; (C) Tumor inhibition rate (*P < 0.05, **P < 0.01)

3.2. Changes in T cell activity and cytokine expression
ELISA results demonstrated a significant increase in T-cell activity in the EGCG-treated groups compared to the 
control group (Figure 2). The PBMC counts in the low, medium, and high-dose EGCG groups were (1.10 × 10⁶ 
± 0.03 × 10⁶), (1.20 × 10⁶ ± 0.03 × 10⁶), and (1.30 × 10⁶ ± 0.02 × 10⁶), respectively, which were significantly 
higher than the control group’s (1.01 × 10⁶ ± 0.05 × 10⁶). Additionally, the levels of IL-2, IFN-γ, and TNF-α in 
the control group were 6.18 ± 0.23, 5.07 ± 0.34, and 4.03 ± 0.28, respectively. These levels increased to 76.97 ± 
3.27, 91.25 ± 2.92, and 69.25 ± 2.92 in the high-dose EGCG group.

Figure 2. (A) PBMC; (B) T cell ratio; (C) IL-2; (D) IFN-γ; (E) TNF-α (*P < 0.05, **P < 0.01)



86 Volume 8; Issue 5

3.3. Statistical analysis
One-way ANOVA revealed that different EGCG doses significantly affected gene expression levels, with a 
P-value < 0.01. ANOVA results also showed significant differences between groups for PBMC count, T cell
proportion, and levels of IL-2, IFN-γ, and TNF-α (P < 0.05). Tukey’s HSD multiple comparisons test further
highlighted significant differences in IL-2, IFN-γ, and TNF-α levels between the high-dose EGCG group and
the control, low-dose, and medium-dose groups. The Kruskal-Wallis test also indicated significant differences
between groups for all variables.

4. Discussion
This study conducted an in-depth investigation into the effects of EGCG, a major active component of green 
tea, in a mouse oral cancer model, with a focus on its anti-tumor mechanisms. EGCG, a naturally occurring 
polyphenol, demonstrates significant biological activity, particularly in antioxidation, anti-inflammation, and 
modulation of cellular signaling pathways [5]. In terms of EGCG’s tumor-suppressive effects, a dose-dependent 
reduction in tumor volume and weight was observed in mice as the EGCG dosage increased. This effect may 
be associated with EGCG’s regulatory influence on the cell cycle. EGCG can inhibit critical checkpoints in the 
tumor cell cycle, such as the G1/S or G2/M transitions, thereby blocking tumor cell proliferation [6].

Regarding T-cell activity and cytokine production, ELISA analysis revealed that EGCG significantly 
increased both the proportion and activity of T cells, as well as the levels of key cytokines such as IL-2, IFN-γ, 
and TNF-α. These cytokines are essential for activating and regulating T-cell immune responses [7]. IL-2 
promotes T cell growth and differentiation, IFN-γ plays a role in antiviral and anti-tumor immunity, and TNF-α 
contributes to inflammation and cell death [8]. By elevating the levels of these cytokines, EGCG may enhance 
the cytotoxicity of T cells, enabling them to more effectively target and eliminate tumor cells [9]. This finding 
underscores EGCG’s potential to strengthen the immune system, particularly through T cell-mediated immune 
responses.

In conclusion, EGCG exerts significant anti-tumor activity via multiple mechanisms affecting both 
tumor cells and the immune system. First, EGCG directly inhibits tumor cell proliferation and induces 
apoptosis [10]. Second, through its antioxidant and anti-inflammatory effects, EGCG may improve the tumor 
microenvironment, reducing the survival and metastatic potential of tumor cells [11].

As the focus on healthy lifestyles grows, natural medicines and dietary therapies have become increasingly 
popular topics of public interest. Green tea, a traditional beverage, has become deeply integrated into daily 
life, and its health benefits are progressively being validated by scientific research [12]. Against this backdrop, 
the current study not only highlights the anti-cancer potential of EGCG, a component of green tea, but also 
offers the public a simple and feasible method for promoting health. This approach, which combines traditional 
dietary culture with modern scientific research, is gradually becoming a part of global health management and 
disease prevention strategies [13].

Despite the positive results of this study, it is important to acknowledge the limitations of natural medicine 
therapies. Issues such as the bioavailability of natural compounds, potential side effects, and interactions with 
conventional treatments require further exploration. Additionally, while this experimental model provides robust 
evidence, there are inherent differences between human and animal models. Therefore, the clinical translation 
of EGCG still necessitates additional research to support and validate its use. Future studies should focus on 
preclinical research on EGCG, including pharmacokinetic and toxicological assessments, and clinical trial 
design, to provide a stronger scientific basis for its clinical application.
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