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Abstract 

Epigallocatechin-3-gallate (EGCG) is a compound found in green tea that has anti-cancer 

properties. Because of this, its application on oral cancer patients is quite promising. It has been 

shown through in vitro studies that application of EGCG between 5 200 μM can reduce EGFR, 

MMP-2, MMP-9, MMP-13, u-PA, p21
WAF1

, RECK, pRB, and HGF. All of these proteins and 

genes play a role in oral cancer development. In vivo analysis on animal models of oral cancer 

showed that tumor volume and size were reduced upon EGCG treatment. The clinical studies 

discussed focused on prevention of oral cancer by using EGCG to treat oral premalignant 

lesions. Results were significant and patients with EGCG treatment had a higher clinical 

resolution rate compared to those in the placebo groups. On the whole, EGCG could be used to 

both prevent and treat oral cancer, but more research must be done to improve the study design 

and ensure the benefits of the targeted patient population. 

 

 

 

 

 

 

 

 

 

 

 



Statement of Purpose and Relevance 

People are dying from oral cancer every hour, 24 hours a day, in the next year (Oral 

Cancer Foundation). For the year 2014, this amounts to 37,000 of Americans who are to be 

diagnosed with oral cavity or oropharyngeal cancer and 7,300 impending deaths as a result 

(American Cancer Society).Because of technology and awareness, the number of deaths is 

reduced, but many novel cases arise every year (Oral Cancer Foundation). The survival rate of 

this cancer is low compared to skin cancer, cervical cancer, and endocrine system cancers (Oral 

Cancer Foundation). In the next five years, only about 57% of those diagnosed with oral cancer 

will be alive (Oral Cancer Foundation). With such a high death rate, it is imperative that research 

be focused on both prevention and treatment of this specific cancer (Oral Cancer Foundation). 

Most of the deaths in oral cancer are caused by late detection, or when the cancer has 

metastasized and become systemic, since there are really no noticeable symptoms during the 

earlier stages. In pre-cancerous conditions, abnormal tissues detected in the mouth are 

categorized as leukoplakias, erythroplakias, or erythroleukoplakias. Leukoplakias have the 

highest malignancy rate of 70.3% (Lee et al., 2000). A translational study showed that patients 

who obtained a high dose isotretinoin (1.5 mg/kg/day for 3 months) followed by 9 months of 

continuing treatment with either a low dose isotretinoin (0.5 mg/kg/day) or β-carotene (30 mg/d; 

total treatment duration, 1 year) had a stable or improved lesion (Ribeiro et al., 2010). However, 

there is evidence suggesting that isotretinoin plays a role in depression, suicides, anxiety, 

inflammatory bowel disease, and prevents pregnancies. Currently, it is commonly used as a 

therapy for acne, but many controversies surround the implementation of this drug (Wolverton 

and Harper, 2013). 



Other nonsurgical treatments of oral leukoplakia include compounds such as beta-

carotene and lycopene. For beta-carotene, clinical resolution is about 4% to 54% with the dosage 

ranging from 20 to 90 mg/day (Ribeiro et al., 2010). Excessive intake could result in 

carotenodermy and some patients report headaches and muscle pain as side effects. Clinical 

resolution for lycopene was 25 to 55% with patients receiving dosages ranging from 4 mg/day to 

8 mg/day (Ribeiro et al., 2010). No side effects or toxicity have emerged with current studies, but 

more research must be done to confirm its mechanism and interaction with the human 

immunological system. Photodynamic therapy (PDT) is a noninvasive method for premalignant 

lesions (Ribeiro et al., 2010). It utilizes a photosensitizing drug, oxygen, and visible light to treat 

lesions. Approved photosensitizers include photofrin, 5-aminolaveulinic acid (ALA), verteporfin, 

and foscan (Ribeiro et al., 2010). ALA is the most advantageous since it is the most rapidly 

metabolized (Ribeiro et al., 2010). This is due to the fact that ALA is synthesized in the first step 

of heme formation, and it is naturally found in cells (Dougherty et al., 1998). PDT-ALA 

treatment of 10-20% concentration had a clinical resolution between 25% and 80% (Ribeiro et 

al., 2010). With this treatment, there is a risk of recurrence (up to 20%) after 6 months with 

photodynamic therapy (Ribeiro et al. 2010). Overall, more methods for oral cancer prevention 

are currently underway. 

Nowadays, aside from typical cancer treatment options, targets for transcription factors 

that turn on oncogenes are being investigated for oral cancer patients (Yedida et al. 2013). One 

example is the oncogene PIK3CA that encodes for phosphatidylinositol 3-kinase (PI3K), 

involved in the PI3K/Akt signaling pathway which typically becomes deregulated in human 

cancers (Murugan et al. 2013). In oral cancer, PIK3CA is responsible for 31% of the genetic 

alterations when both mutations and amplifications are taken into account (Murugan et al., 



2013). Targeting a genetically altered gene through molecular targeted therapeutic strategies 

could be quite beneficial when it comes to fruition (Murugan et al., 2013). Other compounds that 

slow the onset of the cancer have also been identified. In vitro studies have been done to show 

that quercetin, a flavonol in fruits and vegetables, can successfully induce G2 arrest and 

apoptosis via the p38 MAPK-Hsp27 pathway in EGFR-overexpressing HSC-3 and TW206 oral 

cancer cells (Huang et al. 2013). However, even though in vivo studies also show the same 

result, no clinical trials have currently been done to further support the idea of this molecule as a 

new therapeutic agent (Chen et al. 2012). Other in vitro studies show that caffeic acid phenyl 

ester (CAPE), a bioactive extract from honeybee hive propolis, suppresses cell proliferation and 

colony formation of TW2.6 human oral squamous cell carcinoma (OSCC) depending on dosage. 

CAPE does this through overexpression of Akt1 and Akt2. Again, no clinical trials followed this 

research finding, and this compound is not easily obtained (Kuo, et al. 2013). 

Although many studies have been done on prevention and treatment of oral cancer, some 

of the compounds and methods suggested are not that accessible, feasible, or as advanced. All of 

the methods discussed above have various limitations and harmful effects on the human body. 

The purpose of this paper is to analyze a more recent approach to not only treat oral cancer daily, 

but also be able to prevent it in a way in which no side effects are involved. One of the current 

methods suggested is the use of green tea catechins in the prevention of oral cancer. Not only are 

they widely accessible compounds, but they are also natural compounds that would not harm the 

human body in correct amounts. Green tea contains several catechins that, in many in vitro and 

in vivo studies, have proven to suppress the development of oral cancer by operating on a 

molecular level. The following paper will address, based on recent literature, how green tea 

catechins affect certain pathways in the cell, what studies have been conducted, and how these 



studies can show that green tea can assist in preventing or treating oral cancer. The focus of this 

thesis is to determine whether or not green tea catechins are effective in both chemoprevention 

and treatment through in vitro, in vivo, and clinical trials analysis. 

Methods 

Electronic databases including GOOGLE SCHOLAR and PUBMED were used for 

article searches between August of 2012 and April 2014. Other articles were chosen using the 

bibliography of related articles and queried searches on the Google search engine. Search terms 

were in three different categories and included: (1) oral cancer, leukoplakia, squamous cell 

carnioma, lesions; (2) EGCG, green tea, green tea catechins; and (3) prevention, clinical trial, 

molecular markers, proteins, gene regulation. Basic inclusion criteria for this study was that the 

language of the publication is in English and that these studies were published in peer-reviewed 

journals. Some exclusion criteria involved non-English language articles, articles without full 

text availability, abstracts from conferences, and overviews by national societies. 

What is Oral cancer? 

Oral cancer is broadly defined as any cancer of the mouth, and this includes cancer in the 

lip, oral cavity, and pharynx (Olson et al., 2011). About 90 percent of oral cancers are squamous 

cell carcinomas, while 10 percent are malignant melanomas, salivary gland tumors, sarcomas of 

soft tissues, nonHodgkin’s lymphomas, and metastases from other primary tumors (Olson et al., 

2011). Verrucous carcinoma is a type of squamous cell carcinoma that thoroughly invades the 

tissue in which it first developed. This type of cancer has a slow onset but makes up about 5% of 

squamous cell carcinomas. Minor salivary gland carcinomas develop in the glands lining the 

mouth and include denoid cystic carcinoma, mucoepidermoid carcinoma, and polymorphous 

low-grade adenocarcinoma. Lymphomas develop in the tonsils and the base of the tongue, areas 



which contain lymphoid tissue (Oral cancer Foundation). Symptoms of early oral cancer include 

any of the following: persistent red and white patch, non-healing ulcers, progressive swelling, 

unusual surface changes, sudden tooth mobility, epistaxis, and prolonged hoarseness. Symptoms 

of late oral cancer include indurated areas, chronic earaches, airway obstruction, trismus 

dysphagia, and dyesthesia of the tongue or lips (CDC). 

Preceding oral cancer, most patients have nonmalignant lesions, which according to the 

World Health Organization, should be classified as “potentially malignant disorders” (PMDs). 

Leukoplakias and erythroplakias are common PMDs (WHO). Around 2.6 percent of the world 

population have leukoplakias, and 0.2-0.8 percent have erythroplakias (Olson et al., 2011). 

Erythroplakias have a malignant transformation rate of around 85% (Olson et al., 2011). These 

high statistics are in part due to lifestyle risk factors (Olson et al., 2011). 

About 20 to 30 percent of worldwide oral cancers are attributed to cigarette smoking. 

Tobacco use can cause gum diseases, destruction of the bone sockets by the teeth, and overall 

tooth loss. Smokers have an adjusted odds ratio (OR) of 1.35 (95% confidence interval) for oral 

cancer, with increased ratios depending on smoke intensity and duration (Olson et al., 2011). In 

the same way, those who drank had an increased OR, with one study showing that ORs for men 

and women who have 30 or more alcoholic drinks per week ranged from eight to nine (95% 

confidence interval) compared to those who have one drink or less every week (Olson et al., 

2011). Heavy drinkers are at a higher risk, since 7 out of 10 patients with oral cancers drink 

regularly (Oral Cancer Foundation). Infections that compromise the immune system such 

as Candida or bacterial flora and exposure of the lip to ultraviolet light are also common risk 

factors. Recently, the human papillomavirus (HPV) has been found in specific oral squamous 

cell carcinomas with HPV globally present in 23.5 percent of these cases. Age is also considered 



a risk factor primarily because of the slow development of this cancer and the amount of 

accumulated, harmful habits and exposures (Olson et al., 2011).  Less than 1% of affected men 

are younger than 30 years old, but this increases to 8% in males more than 70 years old (Ribeiro 

et al., 2010). 

Prevention 

            Current practices of prevention include early screening and diagnosis. This seems quite 

facile, but research shows that only 23% of medical practitioners expressed confidence in their 

ability to detect a lesion that merited urgent referral. Dental practitioners and community dental 

offices had a higher proportion of confidence at 48%. However, this still shows inconsistency in 

diagnosis, which poses a greater risk of mortality for oral cancer patients (Macpherson et al., 

2003). 

            There are various screening devices marketed by several companies to screen for oral 

cancer. Quick methods for detection are important since only 28% of oral cancer patients report 

ever having an oral cancer examination. Five-year cause specific survival rates for lesions on the 

floor of the mouth are as follows for each of the stages: I: 90%, II: 80%, III: 70%, favorable IV: 

40-50%, and unfavorable IV: 20%. Recurrence and mortality rates depend on the primary site 

and stage in which treatment was administered, so early detection is preferred (CDC). The 

Vizilite Plus system is a method of detection that uses a 30 to 60 second prerinse, a nontoxic 1% 

acetic acid swish, a spit mouth rinse, and an investigation with a plastic lightstick. Any area that 

is colored (leukoplakic) or darkened (erythroplakic) can be detected (Siegel 2009). The second 

step of this process is visual marking using toluidine blue, which has a high affinity for DNA, 

binding to epithelial cells with an increased nuclear cytoplasmic ratio (Siegel 2009). Most other 



techniques include similar processes, where PMDs are recognized and visually enhanced with 

staining or luminescence (Siegel 2009). 

            Once a pre-malignant lesion is detected, it can be treated in many disparate ways. 

Surgical excision is common for early-stage primary disease (T1-T2) of the lip, floor of 

mouth, oral tongue, hard palate, and buccal mucosa (CDC). A CO laser could also be used as a 

cutting tool, and it is especially useful for removing dysplastic lesions with reduced scarring 

(CDC). More advanced tumors require both surgery and radiotherapy. Radiotherapy typically 

consists of an interstitial implant combined with external beams, since this combination works 

better than both therapies by themselves (CDC). 

            Nonsurgical prevention treatments include many compounds as well as light. Carotenoids 

such as lycopene and beta-carotene found in fruits and vegetables were proven to be clinically 

beneficial to a certain extent. The highest daily dose of beta carotene administered in three cycles 

of three months each for patients with oral leukoplakia was 90 mg/day (Ribeiro et al., 2010). A 

total of twenty-three patients were treated and 33.33% showed a complete clinical response 

(Ribeiro et al., 2010). Lycopene treatment of 8 mg/day for a single period of three months 

showed a 55% complete clinical response (Ribeiro et al., 2010). In another instance, 

photodynamic therapy, which is treatment of leukoplakias, uses a high wavelength of light that 

will induce free radical formation in cells (Ribeiro et al., 2010). This treatment must be 

administered with a photosensitizing drug, which commonly includes the compound 5-

Aminolaevulinic acid (ALA) (Ribeiro et al., 2010). Current experiments focus on utilizing 10% -

20% PDT-ALA with results being 25%- 80% effective (Ribeiro et al., 2010). However, it is 

important to note that some experiments do show lesion recurrence in a number of patients 

(Ribeiro et al., 2010).  



 With all of these prevention mechanisms, many patients still suffer from oral cancer. 

When oral cancer develops in a patient, he or she must seek several suitable treatments, possibly 

including, but not limited to surgery. In surgical methods, eradication of all tumor cells is the 

goal, with reconstruction in mind (Day et al., 2003). Current common treatments also include 

radiation therapy and chemotherapy that is utilized to kill cancer cells (Day et al., 2003). 

External beam radiation therapy is commonly used in the early stages and is combined with 

chemotherapy in the later stages (Day et al., 2003). Chemotherapy, also known as systemic 

antineoplastic drug therapy is used to supplement treatments and does not have curative abilities 

by itself (Day et al., 2003). An alternative method for treatment focuses on the natural 

compounds present in green tea.   

Role of Green Tea 

 Green tea comes from the plant Camellia sinensis, and is popular in many countries such 

as China and Japan (Graham 1992). In a particular study by Kei et al. (2000), consumption of 

green tea was correlated with percentage of participants who lived longer lives. For those who 

had over 10 cups of green tea per day, the result was significantly different as opposed to those 

who had less than three cups or 4-9 cups per day (Kei et al., 2000). In the Chinese culture, the 

plant responsible for green tea have been used as a remedy for headaches, body aches, and even 

as an energizer (Cabrera et al., 2006). About 20% of all the tea made every year is green tea 

(Graham 1992). In the production of green tea, initial heating is a particularly important step. 

During this process, the enzyme that converts flavanols into other polyphenolic compounds, 

polyphenol oxidase, is denatured (Cabrera et al., 2006). Of all the components found in green 

tea, catechins, which are a component of flavanols, are considered to be one of the most 

prevelant (Graham 1992). The four major catechins include: (-)-epigallocatechin (EGC), (-)-



epicatechin-3-gallate (ECG), (-)-epigallocatechin-3-gallate (EGCG), and (-)-epicatechin (EC) 

(Cabrera et al., 2006). Figure 1 shows the structure of EGCG. These compounds are polyphenols 

that contain two benzene rings (Graham 1992). However, gallocatechins contain a total of six 

hydroxyl groups as opposed to the five hydroxyl groups found in catechins (Graham 1992). The 

catechin that comprises over 59% of all catechins is EGCG (Cabrera et al., 2006). Because of the 

abundance of EGCG in green tea, the focus of many studies are based on administration of this 

catechin alone. It was shown that a cup of green tea can hold 90 mg of this compound (Cabrera 

et al., 2006). After drinking green tea made up of 1.2 g of tea solids in 200 mL of hot water, the 

concentration of EGCG in the mouth at 20 minutes is roughly equal to 5–22 μg/ml (10–44 μM) 

(Lee et al., 2004). Plasma levels were about 2 magnitudes lower when the same concentration of 

green tea was given to participants (78 ng/mL) (Lee et al., 2004). Aside from all its beneficial 

antioxidant properties, green tea contains anticarcinogenic properties that have been widely 

studied in many countries (Carbrera 2006). Green tea consumption has been correlated with 

reduced risk of breast cancer, ovarian cancer, prostate cancer, gastro-intestinal cancer, lung 

cancer, and bladder cancer to name a few (Cabrera 2006).  Based on a meta-analysis, Wang et al. 

(2013) discovered that green tea consumption was correlated with lower oral cancer risks. Many 

other studies have also shown, through in vivo, in vitro, and clinical trials, the efficacy of green 

tea components on oral cancer. 

 



Figure 1: EGCG 

 

 

 

Figure 1: Shown here is the structure of (-)-epigallocatechin-3-gallate (EGCG). 

  



Green Tea and Oral Cancer 

 Many biological markers have been targeted in EGCG treatment of oral cancer. Several 

in vitro and in vivo studies have been done to assess EGCG efficacy in reducing certain proteins 

or genes responsible for the development and metastasis of oral cancer. Table 1 summarizes all 

of these studies. 

 Figure 2 summarizes the basic steps involved in the development of oral cancer. When 

normal oral mucosa begins to develop into oral cancer, it passes through a dysplasia phase (Choi 

et al., 2008). In the dysplasia phase, genetic alterations to cells become prevalent. It is important 

to note that some people are genetically pre-disposed to certain types of cancer (Choi et al., 

2008). However, environmental factors also play a role because tobacco, alcohol, and viruses are 

all external influences (Choi et al., 2008). Genetic alterations can be made to tumor suppressor 

genes to alter the functions of the following: EGFR, HGF/c-Met, and NF-κB for growth-

stimulatory signaling; p53 and p21
WAF1

 for growth inhibitory signaling; and MMPs for invasion 

and metastasis. These genetic alterations can be applied to tumor suppressor genes or oncogenes. 

Tumor suppressor genes are normally responsible for regular cell growth and function, and upon 

inactivation, begins to support tumor growth (Choi et al., 2008). Oncogenes are potential cancer 

genes, so when they are activated, they promote tumor development (Choi et al., 2008). When 

genetic pathways are disrupted via mutations, cells begin to proliferate intensely and form a 

tumor. In the later stages after tumor formation, the extracellular matrix of cells are disrupted and 

metastasis occurs. Numerous molecular mechanisms can be disrupted throughout this entire 

process. 

 

 

  



Table 1: In Vitro and In Vivo Studies 

Study Experiment Design Molecular Targets Category 

 

Chang et al., 2012 

 

CAL-27 cells tested with 25 

μM of EGCG  

-Epidermal Growth Factor 

(EGF) 

-Matrix Metalloproteinase-2 

(MMP-2) 

 

In Vitro 

 

 

Chen et al., 2009 

 

SCC-29 cells treated with 0-

20 μM of EGCG 

-Matrix 

Metalloproteinase-2 (MMP-2) 

-Urokinase-type Plasminogen 

Activator (u-PA) 

 

In Vitro 

In Vivo 

 

Cheng et al., 2010 

Five oral cancer cell lines 

were treated with 20-40 μM 

of EGCG 

-Indoleamine 2,3-Dioxygenase 

(IDO) 

 

In Vitro 

 

Chiang et al., 2006 

OSCC cell lines treated with 

0-20 μM of EGCG 

-Matrix Metalloproteinase-13 

(MMP-13) 

 

In Vitro 

 

 

Ho et al., 2007 

 

 

 

OC2 cells treated with 0-60 

μM of EGCG 

-Matrix 

Metalloproteinase-2 (MMP-2) 

-Matrix Metalloproteinase-9 

(MMP-9) 

-Urokinase-type Plasminogen 

Activator (u-PA) 

 

 

In Vitro 

 

 

 

Hsu et al., 2005 

 

 

OSC2 cells treated with 0-

200 μM of EGCG 

 

 

- Cyclin-dependent Kinase 

Inhibitor p21
WAF1

 

 

 

In Vitro 

 

 

 

Kato et al., 2008 

 

 

OSCC cell lines treated with 

50 μM of EGCG 

-Matrix 

Metalloproteinase-2 (MMP-2) 

-Matrix Metalloproteinase-9 

(MMP-9) 

-Reversion-inducing 

Cysteine-rich Protein with Kazal 

Motifs (RECK) 

 

 

 

In Vitro 

 

Khafif et al., 2009 

Normal, MSK-Leuk1, MSK-

Leuk1A, and 1483 cell lines 

treated with 0-50 μM of 

EGCG 

 

- Retinoblastoma Protein (pRB) 

 

In Vitro 

 

 

 

Koh et al., 2009 

 

 

 

Oral Cancer cell line treated 

with 0-200 μM of EGCG 

-Hepatocyte growth factor 

(HGF) 

- Matrix 

Metalloproteinase-2 (MMP-2) 

-Matrix Metalloproteinase-9 

(MMP-9) 

-Receptor for HGF (c-Met 

protein) 

 

 

 

In Vitro 

In Vivo 

 

Table 1: Shown here are all the in vivo and in vitro studies discussed in the paper. The study design and 

molecular targets are briefly summarized. 

  



 

 

 

 

 

Figure 2 

 

Figure 2:  This is a basic schematic for the development of oral cancer from normal oral mucosa. 

These events could also be applicable to other types of cancers. 
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Epidermal Growth Factor Receptor 

Epidermal growth factor receptor (EGFR) is part of the tyrosine kinase family and is 

typically found in epithelial and mesenchymal cells (Chang et al., 2012). The overexpression of 

this receptor is found in about 90% of all head and neck squamous cell carcinomas (HNSCCs) 

(Chang et al., 2012). EGFR elevation is also highly associated with premalignant lesions (Shin et 

al., 1994). This receptor, when activated by EGF, is responsible for cell proliferation, 

angiogenesis, adhesion, migration, invasion, anti-apoptosis, etc (Chang et al., 2012). All of these 

are properties that assist cancer growth and development (Chang et al., 2012). Therefore, if 

EGCG can have an effect on EGFR expression, it would be an effective treatment for HNSCCs 

(Chang et al., 2012). One of the experiments done by Chang et al. (2010) was a Western blot 

analysis using head and neck squamous cell carcinoma cells (CAL-27). In this experiment, cells 

were incubated in a 75T flask for six hours in 25 μM EGCG (Chang et al., 2012). The results in 

this test turned out inconclusive, as there was no difference between cells that were treated with 

EGCG and cells in the control group (Chang et al., 2012). However, in another experiment, 

mRNA transcript levels were downregulated when cells were treated with 10 μM gefitinib and 

100 μM EGCG (Chang et al., 2012). These values were a little elevated relative to physiological 

conditions. It affected transcript levels by over four-fold (-4.43) (Chang et al., 2012). Gefitinib is 

also known as Iressa. It is a drug that was developed to treat many cancers through the inhibition 

of EGFR (Chang et al., 2012).  This experiment shows that EGCG may work with other 

medication to possibly treat oral cancer because 10 μM gefitinib by itself did not have an effect 

of EGFR in the Western blot analysis (Chang et al., 2012). This suggests that gefitinib and 

EGCG may work synergistically to suppress EGFR.  

 



Matrix Metalloproteinases-Cell Invasion and Migration 

Matrix metalloproteinases (MMPs) are proteolytic enzymes responsible for degradation of the 

basement membrane and extracellular matrix (Chang et al., 2012). MMP-2 is one of these 

enzymes that are typically involved in invasion and metastasis of HNSCCs, so any type of 

treatment that interrupts expression of MMP2 would be an effective type of cancer treatment 

(Chang et al., 2012). Using head and neck squamous cell carcinoma cells (CAL-27), Chang et al. 

(2012) showed that both cell migration and cell invasive ability was negatively affected by 

EGCG treatments. For cell migration, the wound-healing scratch assay was utilized. In this 

assay, cells were placed into wells and attached monolayers of 80% confluency were scratched 

and incubated with 25 μM EGCG (Chang et al., 2012). The result was a 22% reduction in cell 

migration compared to the control group (Chang et al., 2012). There was also a 31% reduction in 

cell invasive ability, which was shown with the invasion assay (Chang et al., 2012). For the 

invasion assay, cells were placed into Transwell inserts and incubated for 48 hours with 25 μM 

EGCG (Chang et al., 2012). Both cell invasion and migration could be a direct result of MMP-2 

suppression. Indeed, Chang et al. (2012) was also able to show with gelatin zymographic 

analysis that MMP-2 activity decreased by 57% when cells were incubated with 25 μM EGCG 

for 48 hours. Kato et al. (2007) also used gelatin zymography and was able to show that the 

active form of MMP2 was decreased when oral squamous cancer cells (SCC9 and HSC3) were 

treated with 50 μM EGCG for six days. They were also able to show in oral squamous cell 

carcinoma cell line (HSC3 and HSC4) collagen models that 50 μM EGCG treatment for six days 

can significantly lower number of invasive foci per field (11.4±2.7, 10.2±0.8) and the depth of 

invasion (93.0±32.3 and 180.4±16.1) compared to the controls (Kato et al., 2007). In Koh et al.’s 

(2011) study, RT-PCR showed a decrease in MMP-2 expression in a dose-dependent manner for 



20 μM EGCG and 50 μM EGCG treatments on head and neck cancer cell lines (KB). Also, both 

cell migration and invasion could be directly caused by MMP-2 activity. According to Chen et 

al. (2009), there was a significant reduction in both the invasive and migratory ability of oral 

squamous cell carcinoma (SCC-9) cells that were incubated for 24 hours in 10 μM EGCG. 

However, mRNA transcript levels of MMP-2 remained the same up to 20 μM EGCG after cells 

were incubated for 24 hours (Chen et al., 2009). Surprisingly, with gelatin zymography, protein 

activity was significantly decreased when cells were incubated with either 15 μM EGCG or 20 

μM EGCG for 24 hours (Chen et al., 2009). This indicated possible translational or post-

translational regulation, including factors such as synthesis rate, stability, and degradation (Chen 

et al., 2009). In a different study, Ho et al. (2007) examined the effects of EGCG on human 

buccal mucosa cancer cells (OC2). Cells incubated for 24 hours with either 40 μM EGCG or 60 

μM EGCG had reduced cell migration of 40% and 60%, respectively (Ho et al., 2007). As for 

invasion, there was also a reduction in cells incubated with 40 μM EGCG and 60 μM EGCG for 

24 hours. The reduction for the 40 μM EGCG treatment was 34% and the reduction for the 60 

μM EGCG treatment was 60% (Ho et al., 2007). Using gelatin zymography, OC2 cells were 

incubated for 24 hours in 10 μM EGCG, 20 μM EGCG, 40 μM EGCG, and 60 μM EGCG and 

there was a reduction of 65%, 43%, 28%, and 17% of protein activity levels, respectively (Ho et 

al., 2007). 

 MMP-9 is another common proteolytic enzyme targeted by EGCG treatment. Ho et al. 

(2007) showed with gelatin zymogram that the gelatinolytic activity of MMP-9 decreased for 

human buccol mucosa cells (OC2) treated with EGCG for 24 hours. Quantitative analysis with 

AlphaImager 2000 showed that MMP-9 decreased for EGCG treatments of 10, 20 40, 60 μM by 

74%, 32%, 16%, and 9%, respectively (Ho et al., 2007). Research by Koh et al. (2011) 



confirmed this result because MMP-9 expression, measured by RT-PCR, was also decreased by 

EGCG (10 μM and 50 μM) in a dose-dependent manner for oral cancer cell lines (KB). In 

another instance, Kato et al. (2008) used gelatin zymography analysis to show weaker proform 

MMP-9 bands in human oral squamous cell carcinoma cell lines (SCC9 and HSC3) upon 

treatment with 50 μM EGCG for six days. 

 Matrix metalloproteinase-13 (MMP-13) is also known as colleganse-3 (Chiang et al., 

2006). It is enzyme that degrades type I-III fibrillar collagen, type IV collagens, and other parts 

of the extracellular matrix (Chiang et al., 2006). It is believed to be involved in ECM remodeling 

to support tumor growth. The hypothesis is that EGCG could directly regulate MMP-13 to 

suppress tumorigenesis. Chiang et al. (2006) discovered that treating oral squamous cell 

carcinoma (OEC-M1) cells for 18 hours with different concentrations of EGCG did change 

MMP-13 protein expression and activity (Chiang et al., 2006). Through quantitative analysis of 

both gelatin zymography and Western blotting, it was shown that 10 μM EGCG inhibited protein 

activity completed but did not inhibit protein expression (Chiang et al., 2006). Furthermore 20 

μM EGCG diminished all protein expression and suppressed all protein activity (Chiang et al., 

2006). Therefore, it could be concluded that EGCG suppresses MMP-13, regulating tumor 

growth. 

Indoleamine 2,3-dioxygenase 

Indoleamine 2,3-dioxygenase (IDO) is an immunoregulatory enzyme that assists tumors in 

escaping T cell recognition and destruction (Cheng et al., 2010). T cells need tryptophan for 

proliferation, and IDO is responsible for degrading tryptophan to kynurenine (Cheng et al., 

2010). Without tryptophan, T cells will undergo apoptosis and tumors can continue to develop 

(Cheng et al., 2010). Hence, a treatment that reduces IDO in oral cancer cells would prevent 



further tumor development. Using human oral squamous carcinoma cell lines (HSC-3,SAS, Ca-

922), Cheng et al. (2010) was able to show  with RT-PCR that IDO transcript levels was reduced 

in a dose-dependent manner by 20 μM and 40 μM EGCG. In another RT-PCR analysis, they 

were also able to show that EGCG reduces IDO transcript levels when IFN- γ was present. IFN- 

γ is responsible for inducing IDO transcript levels in the cell lines to a greater extent (Cheng et 

al., 2010). In the experiment, cells were incubated with IFN- γ (10ng/ mL) combined with 20 μM 

EGCG, 40 μM EGCG, and 60 μM EGCG (Cheng et al., 2010). Using RT-PCR again, transcript 

levels also changed in a dose dependent manner with IFN- γ inducing a transcription level of 

21.7 but when combined with μM EGCG, 40 μM EGCG, and 60 μM EGCG, transcript levels 

were 4.35, 1.13, and 0.67, respectively (Cheng et al., 2010). Since IDO transcription is regulated 

by the JAK-PKC-δ-STAT1 pathway, it was hypothesized that EGCG inhibited parts of the 

pathway, so IDO transcript levels is reduced (Cheng et al., 2010). 

p21
WAF1

 

p21
WAF1 

is a cyclin-dependent kinase inhibitor and effector for p53, meaning that it works 

together with p53 for tumor suppression, cell growth arrest, and apopotosis (Hsu et al., 2005). 

From this, p21
WAF1 

is hypothesized to control the cell cycle and induce tumor cell apoptosis 

through caspase 3 (Hsu et al., 2005). In an experiment by Hsu et al. (2005), gene array analysis 

showed that oral squamous cell carcinoma cells (OSC2) incubated with 100 μM EGCG had a 

decrease in p21
WAF1 

mRNA levels. At 2 hours, mRNA levels were at 74% and at 24 hours, 

mRNA levels were at 54%. However, for normal human epidermal keratinocytes (NHEK), 100 

μM EGCG actually increased mRNA levels to 378% at 2 hours and to about 140% between 6 

and 24 hours (Hsu et al., 2005). This suggests that p21
WAF1 

plays a role in protecting normal cells 

but not cancer cells. EGCG was determined to primarily cause growth arrest rather than induce 



caspase 3 activity. In another experiment by Hsu et al. (2005), when p21
WAF1 

was suppressed in 

cells by an siRNA, caspase 3 activity was only different compared to cells that expressed 

p21
WAF1 

normally when cells were treated with 200 μM EGCG. Although the results were 

significant, the difference in activated caspase activity was quite small (6.6 fold versus 7.1 fold) 

(Hsu et al., 2005). From all this, it was concluded that p21
WAF1 

works with EGCG to cause cell 

growth arrest rather than with caspase 3 to mediate apoptosis. 

Retinoblastoma Protein 

Retinoblastoma protein (pRB) is responsible for regulating G1 cell cycle progression. If this 

protein is underphosphorylated, then it binds to transcription facts, causing progression to the S 

phase to be inhibited (Khafif et al., 2009). However, if the protein is hyperphosphorylated, many 

transcription factors will be available and the cell cycle would continue to progress (Khafif et al., 

2009). Some research shows that pRB could be inhibited by a p53-dependent pathway. 

Therefore, if EGCG assists in underphosphorylating pRB, cells will not progress beyond the G1 

phase, causing tumor cell proliferation to be reduced (Khafif et al., 2009). Khafif et al. (2009) 

conducted an experiment with four different cell lines: a normal cell line as a control, cells from 

a moderate dysplastic leukoplakia (MSK-Leuk1), cells from a more severe dysplastic 

leukoplakia (MSK-Leuk2), and a cell line from oral squamous cell carcinoma (1438). For 24 

hours, normal cells were treated with 5.5 μM EGCG, MSK-Leuk 1 cells were treated with 8 μM 

EGCG, MSK-Leuk2 cells were treated with 11.5 μM EGCG, and 1438 cells were treated with 18 

μM ECGC (Khafif et al., 2009). Then, via Western blotting, pRB was shown to be reduced in all 

cell lines to the point where the majority of expressed pRB is hypophosphorylated (Khafif et al., 

2009). From this experiment, EGCG was shown to be effective in controlling cell growth and 

replication. 



Urokinase-type Plasminogen Activator 

Urokinase-type plasminogen activator (u-PA) is a serine protease that converts plasminogen to 

plasmin (Chen et al., 2009). It is found in structure of migrating cells in oral squamous cell 

carcinoma. Therefore, it could be responsible for tumor metastasis in oral cancer (Chen et al., 

2009). Using cell lines from human tongue squamous cell carcinoma (SCC-9), Chen et al. (2009) 

used RT-PCR to examine transcript levels. All cells were treated with EGCG (5 μM, 10 μM, 15 

μM, or 20 μM) for an hour, then placed in PMA (10 ng/mL), a tumor promoter, for 24 hours 

(Chen et al., 2009). There was a significant decrease in u-PA levels starting at 10 μM EGCG 

treatment (Chen et al., 2009). To examine protein activity, casein zymography and Western 

blotting were used after cells were treated with EGCG for 24 hours (Chen et al., 2009). At 15 μM 

EGCG and 20 μM EGCG, there was a significant reduction in protein activity (Chen et al., 

2009). According to Ho et al. (2007), casein zymogram was able to show decreases in u-PA 

activity in human bucca mucosal cell lines (OC-2). Cells were treated for 24 hours with 5 μM 

EGCG, 10 μM EGCG, 20 μM EGCG, 40 μM EGCG, or 60 μM EGCG, and quatitative analysis 

showed decreases of 43%, 23%, 13%, 5%, and 2 respsectively (Ho et al., 2007).  

Reversion-Inducing Cysteine-rich Protein with Kazal Motifs 

Reversion-inducing cystein-rich protein with Kazal Motifs (RECK) is known to be an MMP 

inhibitor, possibly reducing angiogenesis, cell invasion, and cell metastasis in tumors (Kato et 

al., 2008). In many different cancers, it has been shown to be downregulated, and one way to 

downregulate this gene is through hypermethylation around the promoter region (Kato et al., 

2008). Therefore, if this gene can be unmethylated, it would be beneficial in oral cancer cells. 

With RT-PCR, Kato et al. (2008) showed that mRNA levels for unmethylation-specific bands of 

the RECK gene increased after treatment with 50 μM EGCG for six days in oral squamous 



cancer cell lines. In two specific OSCC lines (SC99 and HSC3), EGCG treatment was shown to 

increase RECK mRNA expression in a dose-dependent manner using quantitative real-time PCR 

(Kato et al., 2008). After six days of treatment, cells treated with either 20 μM EGCG or 50 μM 

EGCG yielded a significant result (Kato et al., 2008). Also, cells incubated with 50 μM EGCG 

had a significant increase in RECK mRNA expression after 72 hours of treatment (Kato et al., 

2008). 

Hepatocyte Growth Factor 

Hepatocyte growth factor (HGF) participates in tumor-stroma interactions, so it is involved in 

cell invasion and metastasis (Koh et al., 2011). The c-Met protein is the receptor for HGF, and 

when HGF binds to c-Met, several downstream pathways are activated (Koh et al., 2011). 

Therefore, if EGCG can regulate HGF, oral cancer cell invasion and metastasis could be 

reduced.  First, Koh et al. (2011) was able to show that HGF does increase invasion in oral 

cancer cell lines (KB), and EGCG inhibits this motility in a dose-dependent manner with HGF 

present. In the presence of HGF (30 ng/mL,) both 10 μM and 50 μM EGCG yielded significant 

results after a 48 hour incubation period (Koh et al., 2011). Second, they were also able to show 

with RT-PCR that MMP-9 mRNA expression slightly increased in the presence of HGF (30 

ng/mL) in KB cells treated for 24 hours (Koh et al., 2011). This indicates that maybe some 

MMPs or other factors could also work together with HGF to cause cell invasion and migration. 

In Vivo Analysis of Tumor Growth 

 Some studies have shown that tumors in vivo are being affected by EGCG treatment. 

Chen et al. (2009) used a cell line from oral squamous cell carcinoma (SCC-9) to demonstrate in 

vivo analysis in mice. These SCC-9 cells were placed subcutaneously in mice (Chen et al., 

2009). After eight days of tumor growth, oral EGCG treatment was started. The mice were either 



in the control group or in two different treatment types: one with 10 mg/kg/day or one with 20 

mg/kg/day (Chen et al., 2009). At day 33, tumor volume decreased for the group with the 10 

mg/kg/day and the group with 20 mg/kg/day, and the results were a 3.4-fold decrease and a 5.8-

fold decrease, respectively (Chen et al., 2009). As for tumor weight, by day 45, there was a 5.7-

fold reduction (Chen et al., 2009). In another study, Koh et al. (2011) used a syngeneic mouse 

model ((C3H/HeJ mice, SCC VII/SF cell line) with a squamous cell carcinoma cell line to 

demonstrate the effects of intraperitoneal EGCG on tumor development. The mice received three 

different EGCG treatments: 25 mg/kg/day, 50 mg/kg/day, and 75 mg/kg/day (Koh et al., 2011). 

Then their tumors were examined the day after cell implantation. Results showed that tumor 

volμMe was reduced in a dose-dependent manner and results for the 25 mg/kg/day EGCG 

treatment became significant at day 17 (Koh et al., 2011). 

Clinical Studies 

Not many clinical studies have been performed to look specifically at the effects of EGCG on 

prevention of oral cancer, and those discussed are summarized in Table 2. Li et al. (1999) 

conducted a study on sixty-four patients who had oral leukoplakia. The patients were divided 

into two groups in this double-blind study: one with oral administration and topical treatment as 

the experimental group and one with a placebo and glycerin treatment as the control group. 

Patients in the experimental group were instructed to take 8 capsules of 0.38 grams of a mixed 

tea that contained 40% green tea polyphenols daily for a total of 3 grams (about 1.2 g EGCG). 

They were also told to paint on the lesions three times per day with a mixture of 10% dried green 

tea mix and 90% glycerin. After six months, it was discovered that of the 29 patients in the 

experimental group, 11 of them had improved lesions (37.9%), while in the control group, only 

three out of the 30 patients had this same result (10.0%). The data is significant and suggests that 



green tea treatment may be effective for prevention of oral cancer, while controlling for amounts 

of fruits and vegetables consumed. In another study conducted by Tsao et al. (2009), the 

relationship between green tea and oral cancer prevention was also examined. Forty-one patients 

with high-risk premalignant lesions were placed almost evenly into four groups: a placebo as the 

control and green tea extract treatments of 500, 750, or 1,000 mg/m
2
 for the experimental groups. 

EGCG content in the 1,000 mg/m
2
 after the third dose was as high as 150 ng/mL (Tsao et al., 

2009). The treatment lasted for 12 weeks and was given three times per day after meals in 

capsule form. Although the results were not considered to be significant, 50% of patients in the 

experimental groups had improved oral premalignant lesions compared to only 18.2% in the 

placebo group. Moreover, it seems that this response is also dose-dependent, as the majority of 

patients who had a higher clinical response rate were in the treatment group with either 750 or 

1,000 mg/m
2
 green tea extract. In one particular study by Yoon et al.  (2012), the specific effect 

of EGCG on oral neoplastic lesions was examined. There were a total of seven participants who 

had an elevated risk for lesion recurrence. These patients were instructed to keep a special 

mouthwash (P-70A) that contained 55.9% EGCG in their mouth for 2 minutes before going to 

bed. Then certain biomarkers were evaluated after one week, and the epidermal growth factor 

receptor (pEGFR), cyclooxygenase-2 (cox-2) and ki-67 were reduced. These are some relevant 

studies pertaining to the application of EGCG for prevention of oral cancer.  

 

  



 

 

 

 

Table 2: Clinical Studies 

Study Experiment Design Treatments Type of Trial 

 

Li et al., 1999 

 

Twenty-nine 

participants with oral 

mucosa leukoplakia  

 

-3 g mixed tea oral  and 

topical administration  

-placebo and glycerin 

treatment 

 

 

Double-blind 

intervention 

 

 

 

 

Tsao et al., 2009 

 

 

Forty-one participants 

all of whom have oral 

premalignant lesions 

-Oral green tea extract (500 

mg/m
2
) 

-Oral green tea extract (750 

mg/m
2
) 

-Oral green tea extract 

(1,000 mg/m
2
) 

-Placebo 
 

 

 

 

Phase II 

Randomized 

 

Yoon et al., 2012 

 

Seven subjects with oral 

neoplastic lesions 

 

-800 mg EGCG found in P-

70 mouthwash 

 

 

Preliminary 

Study 

 

Table 2: Shown here are all the in clinical studies discussed in the paper. The study design and 

molecular targets are briefly summarized. 

 

 

 

 

 

 

 

 



Discussion 

Many studies have been performed in-vivo and in vitro with EGCG treatment on oral 

cancer cells. Several biological markers have been targeted and shown to be beneficial in 

reducing a variety of factors including tumor development, metastasis, and cancer cell invasion. 

The idea of EGCG as a natural product for oral cancer treatment is promising according to the 

current data collected. However, there are very few clinical studies focused even on the 

prevention of oral cancer, much less the suppression of oral cancer. In the future, it would be 

advantageous to address all of the points listed in Figure 2 on human subjects. It would be 

beneficial to establish treatment methods for both lesions and oral cancer cells since EGCG 

treatment has been shown to alleviate cancer symptoms both in vitro and in vivo. The initial 

question that should be studied is: how much EGCG should patients receive? As shown through 

the in vivo and in vitro studies, treatment conditions were as high as 200 μM EGCG. This 

concentration is not likely to be achievable in humans. Chow et al. (2003) showed that for four 

weeks, healthy individuals can take green tea polyphenol products, such as Polyphenon E, that 

essentially equals drinking 8-16 cups of green tea either all at once or split into two different 

times throughout the day. This shows that there is a specific dosage range in which EGCG can be 

safely administered. Also, sometimes green tea treatment is administered topically through a 

capsule, which is not a method when testing animal models, or even through intraperitoneal 

injections, which are not utilized in clinical studies. Green tea in capsules would probably not 

localize EGCG to the oral cavity as opposed to consuming green tea as a beverage. However, 

green tea ingested as a beverage would result in a high local concentration in the mouth, but only 

for a short period of time. Chow et al. (2005) studied the administration of EGCG treatment in 

capsule form and showed that 800 mg of EGCG is more bioavailable when taken on an empty 



stomach. These questions are clearly different and an established protocol with the most effective 

treatment has yet to be determined. The other factor that still needs to be examined is the length 

of administration of the treatment. Maybe after a specific period of time, EGCG will not be as 

effective. Or, after a specific stage in oral cancer development, patients will not respond to 

EGCG treatments. These hypotheses have yet to be explored, since very few clinical trials have 

been conducted. Lastly, after all these questions have been answered, the targeted patient 

population will have to be determined. It is possible that EGCG can work synergistically or 

antagonistically with other drugs or medical treatments. Furthermore, maybe EGCG will work 

better to prevent oral cancer rather than reduce oral cancer progression and vice versa. Without 

the answers to all these questions, it is difficult to determine the efficacy of green tea on actual 

oral cancer patients, though results should be advantageous based on current studies on pre-

cancerous lesions.



Figure 2: Future Directions 

 

 

Figure 3: This figure summarizes the possible research topics that future clinical studies could 

address for both prevention and treatment of oral cancer with green tea compounds.  
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