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Abstract: Hepatocellular carcinoma (HCC), which is a common malignancy worldwide, 

usually develops in a cirrhotic liver due to hepatitis virus infection. Metabolic syndrome, 

which is frequently complicated by obesity and diabetes mellitus, is also a critical risk 

factor for liver carcinogenesis. Green tea catechins (GTCs) may possess potent anticancer 

and chemopreventive properties for a number of different malignancies, including liver 

cancer. Antioxidant and anti-inflammatory activities are key mechanisms through which 

GTCs prevent the development of neoplasms, and they also exert cancer chemopreventive 

effects by modulating several signaling transduction and metabolic pathways. Furthermore, 

GTCs are considered to be useful for the prevention of obesity- and metabolic  

syndrome-related carcinogenesis by improving metabolic disorders. Several interventional 

trials in humans have shown that GTCs may ameliorate metabolic abnormalities and 

prevent the development of precancerous lesions. The purpose of this article is to review 

the key mechanisms by which GTCs exert chemopreventive effects in liver carcinogenesis, 

focusing especially on their ability to inhibit receptor tyrosine kinases and improve 

metabolic abnormalities. We also review the evidence for GTCs acting to prevent 

metabolic syndrome-associated liver carcinogenesis. 
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1. Introduction 

Hepatocellular carcinoma (HCC) is one of the most common malignancies and results in high 

mortality; an estimated 748,300 new cases and 695,900 deaths occur worldwide in a single year as  

a result [1]. HCC usually develops in the livers of patients with chronic hepatitis and liver cirrhosis 

caused by persistent infection with hepatitis viruses, indicating that these patients are at high risk of 

liver carcinogenesis [2,3]. In addition to hepatitis virus infection, metabolic syndrome, which is 

strongly associated with obesity and diabetes mellitus, has been identified as a major risk factor for the 

development of HCC [4–6]. These findings strongly suggest that cirrhotic patients, especially those 

who are obese and have diabetes mellitus, are at high risk of developing HCC and, therefore, may be 

good candidates for chemoprevention strategies [7–9]. 

Tea, produced from dried leaves of the plant Camellia sinensis, is one of the most popular 

beverages worldwide. The possible beneficial effects of tea polyphenols (catechins), including cancer 

chemoprevention in humans, have been extensively investigated [10–12]. Among tea catechins, green 

tea catechins (GTCs) have been most extensively studied for their cancer chemopreventive and  

anti-cancer properties. In addition, the ability of GTCs to improve metabolic abnormalities and reduce 

body weight has been reported by a number of basic and clinical studies [13–15]. These reports 

indicate that GTCs, which can exert both chemopreventive and anti-metabolic syndrome effects, are 

promising agents to prevent the development of HCC, especially in obese liver cirrhotic patients with 

metabolic disorders. 

In this article, we provide an overview of the clinical characteristics and molecular pathogenesis of 

HCC, focusing on the role of obesity and its related metabolic abnormalities. We also review the 

evidence that GTCs might prevent obesity- and metabolic syndrome-related liver carcinogenesis. 

2. Clinical Characteristics and Molecular Pathogenesis of HCC 

As described above, HCC development is frequently associated with chronic inflammation and 

subsequent cirrhosis of the liver induced by hepatitis virus infection. The annual rate of HCC 

development is approximately 7% in cirrhotic patients, and the recurrence rate for this malignancy  

5 years after curative treatment may exceed 70% [16–18]. The high incidence of HCC development in 

the cirrhotic liver is associated with its characteristic mode of carcinogenesis, i.e., “multicentric 

carcinogenesis” [19,20]. Liver cirrhosis is caused by continuous inflammation leading to severe 

fibrosis, and is regarded as a precancerous field that contains multiple, independent premalignant 

lesions (clones). As a result, curative treatment of HCC is extremely difficult once these clones or 

HCC develop in the cirrhotic liver. This is one of the reasons why the prognosis of patients with 

cirrhosis and HCC is poor; therefore, there is an urgent need to develop more effective strategies for 

the chemoprevention of HCC. 
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Like other cancers, HCC development is significantly associated with the accumulation of genetic 

alterations, such as mutations in the p53 tumor suppressor gene and the CTNNB1 gene that encodes  

β-catenin [21–23]. Changes in several cell signaling and metabolic pathways also play a key role  

in liver carcinogenesis. In particular, abnormalities in the expression and function of receptor  

tyrosine kinases (RTKs) and their downstream signaling pathways, including the Ras/extracellular 

signal-regulated kinase (ERK) and phosphoinositide 3-kinase (PI3K)/Akt signaling pathways, are 

critically involved in the proliferation of HCC cells and tumor progression [24,25]. Among these 

pathways, the insulin-like growth factor-1 (IGF-1)/IGF-1 receptor (IGF-1R) axis, which is one of  

the most commonly deregulated signaling pathways contributing to the development of several types 

of human malignancies including HCC [25,26], seems to be particularly interesting because this  

axis plays a key role in metabolic syndrome-related liver carcinogenesis [7–9], as discussed in the  

next section. 

3. Obesity, Metabolic Syndrome, and HCC 

Obesity, a serious healthcare problem worldwide, and its related metabolic disorders, including 

diabetes mellitus and insulin resistance, which are collectively known as “metabolic syndrome” have 

been recognized as major risk factors for the development of HCC [4–6]. Several meta-analyses have 

shown a significant association between the risk of liver carcinogenesis and obesity- and diabetes 

mellitus-related complications [27–29]. Furthermore, a higher body mass index and diabetes mellitus 

have been shown to increase the risk of HCC in patients with decompensated cirrhosis [5]. Insulin 

resistance and hyperleptinemia, both of which are frequently observed in obese individuals,  

also contribute to the increased risk of HCC recurrence after curative treatment [6,30]. Nonalcoholic 

fatty liver disease (NAFLD) is commonly associated with metabolic syndrome and can progress to 

nonalcoholic steatohepatitis (NASH), which in turn leads to liver cirrhosis and HCC development [31,32]. 

Several pathophysiological mechanisms, including the emergence of insulin resistance, activation of 

the IGF/IGF-1R axis, development of adipokine imbalance, chronic inflammation, and induction of 

oxidative stress, link metabolic syndrome and hepatocarcinogenesis (Figure 1) [7–9]. Among these 

metabolic disorders, activation of the IGF/IGF-1R axis, which is caused by insulin resistance and 

hyperinsulinemia, is considered to play a key role in liver carcinogenesis in patients with metabolic 

syndrome [7–9]. Obese patients have been shown to have higher circulating levels of IGF-1 than  

non-obese patients in the presence of hyperinsulinemia [33], and animal studies have revealed that 

insulin resistance and activation of the IGF/IGF-1R axis are implicated in obesity- and diabetes-related 

liver carcinogenesis [34,35]. IGF-1R is overexpressed in vitro and in animal models of HCC [26,36,37], 

suggesting that activation of the IGF/IGF-1R axis and its related signaling pathways, such as the 

PI3K/Akt signaling pathway, significantly contribute to the stimulation of HCC cell growth and liver 

carcinogenesis, especially in the presence of metabolic disorders. 
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Figure 1. Proposed mechanisms linking metabolic syndrome and liver carcinogenesis.  

The black arrows at the right corner mean the incidence of hepatocellular carcinoma (HCC) 

is up-regulated. 

4. HCC Chemoprevention by Targeting Metabolic Disorders Caused by Metabolic Syndrome 

Because metabolic abnormalities caused by metabolic syndrome have a great impact on liver 

carcinogenesis, we considered the possibility that metabolic disorders, such as insulin resistance and 

activation of the IGF/IGF-1R axis, might be effective targets in the prevention of HCC, and we tested 

this using animal models of obesity- and diabetes-related liver carcinogenesis. 

We found that supplementation with branched-chain amino acids (BCAA), which improve protein 

malnutrition in patients with liver cirrhosis [38], significantly inhibited liver carcinogen diethylnitrosamine 

(DEN)-induced hepatocarcinogenesis as well as spontaneously occurring hepatic preneoplastic lesions 

in db/db obese and diabetic mice [34,39]. In these studies, BCAA supplementation suppressed liver 

carcinogenesis by reducing insulin resistance, ameliorating hepatic steatosis, inhibiting activation of 

the IGF/IGF-1R axis, and attenuating hepatic inflammation [34,39]. BCAA significantly inhibited the 

proliferation of HCC cells induced by visfatin, an adipokine, through the induction of apoptosis and 

cell-cycle arrest in G0/G1 phase [40]. Administration of acyclic retinoid, which can suppress the  

post-therapeutic recurrence of HCC and improve the survival rate of patients [41,42], also inhibited 

DEN-induced liver tumorigenesis in db/db mice, and this was associated with improved liver  

steatosis and insulin sensitivity [43]. In addition, pitavastatin, a drug widely used for the treatment of 

hyperlipidemia, inhibited the early phase of obesity-related liver tumorigenesis by improving liver 

steatosis, increasing serum levels of adiponectin, and attenuating chronic inflammation induced  

by excess fat deposition in the liver of db/db mice [44]. The possible chemopreventive properties of 

GTCs in metabolic syndrome-related liver carcinogenesis have also been investigated, and are 

described later. 
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5. Preventive and Therapeutic Potential of GTCs in Metabolic Syndrome 

Beneficial effects of GTCs on metabolic syndrome-related parameters, including decreased body 

weight and adipose mass, as well as improved glucose homeostasis and dyslipidemia, have been found 

in a number of preclinical animal studies (for more detail, see reviews [13,14]). Administration of  

(−)-epigallocatechin gallate (EGCG), a major component of GTCs, through drinking water significantly 

decreased the amount of white adipose tissue and serum triglyceride levels in db/db mice [35,45].  

In cell culture studies, treatment with GTCs inhibited preadipocyte differentiation, decreased adipocyte 

proliferation, induced adipocyte apoptosis, and suppressed cellular triglyceride accumulation [13,14]. 

Moreover, several human studies found that green tea administration was effective at preventing 

metabolic syndrome and controlling body weight [13–15]. The results of a cross sectional study in  

a Japanese population showed that green tea consumption was significantly associated with lower 

circulating levels of aminotransferases, triglycerides, and atherogenic lipoproteins [46]. Meta-analyses 

by Hursel et al. [47,48] also revealed that GTCs combined with caffeine had a significant effect on 

weight loss, weight maintenance, and energy expenditure. 

GTCs also exert preventive and therapeutic effects on pathological changes in the liver associated 

with metabolic syndrome [49]. Treatment with EGCG improved hepatic histology, such as fibrosis  

and steatohepatitis, and attenuated oxidative stress and inflammation in an experimental rat model of 

NAFLD/NASH [50–52]. In a double-blind placebo-controlled study, drinking green tea containing 

high-density catechins reduced the percentage of body fat and hepatic fat infiltration, improved liver 

function, and attenuated oxidative stress in patients with NAFLD [53]. These findings strongly suggest 

that supplementation with GTCs is a potentially viable strategy for the treatment of NAFLD and, 

probably, for the prevention of its progression to NASH. 

6. Molecular Mechanisms for Anti-Cancer Effects of GTCs and Chemopreventive Potential in 

Liver Carcinogenesis 

Chemopreventive and anti-cancer effects of GTCs in HCC have been reported in several in vitro 

studies (for more detail, see review [54]). EGCG inhibits the growth and proliferation of human  

HCC-derived cells by inducing apoptosis [55–57]. EGCG also suppresses the growth of HepG2 human 

HCC cells by inhibiting the phosphorylation of IGF-1R, followed by decreased activation of its 

downstream signaling molecules, including ERK, Akt, STAT-3, and GSK-3β [58]. In the literature,  

it is shown that the levels of both IGF-1 and IGF-2 in cells and culture media are decreased by 

treatment with EGCG, while the levels of IGF binding protein-3 are increased. In addition, treatment 

of HuH7 human HCC cells with EGCG decreases the expression of both phosphorylated and  

non-phosphorylated vascular endothelial growth factor (VEGF) receptor-2 (VEGFR-2) proteins [59]. 

EGCG also inhibits HuH7 cell proliferation and down-regulated the levels of VEGF in culture media, 

suggesting that EGCG may be able to inhibit cell growth by disrupting the VEGF-VEGFR  

related autocrine loop existing in HCC cells. These two article, focusing on IGF-1R and VEGFR-2, 

indicate that certain types of RTKs and their downstream pathways are key targets of GTCs and  

hence mediators of their chemopreventive and anti-cancer properties. Moreover, EGCG suppresses 

platelet-derived growth factor (PDGF)-induced cell proliferation in human hepatic stellate cells by 
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inhibiting the phosphorylation of PDGF receptor (PDGFR), another RTK [60]. Along with the direct 

effects of EGCG on certain types of RTKs at the cell surface, several studies have revealed that EGCG 

has indirect effects on RTKs by targeting the lipid organization of the plasma membrane, lipid rafts. 

EGCG treatment alters the lipid rafts of cancer cells and inhibits binding of the ligand epidermal 

growth factor (EGF) to the EGF receptor (EGFR), which is an RTK as well, and the subsequent 

receptor dimerization [61]. EGCG also decreases cell surface EGFR by inducing the internalization  

of EGFR into endosomal vesicles, leading to inhibiting the activation of the receptor and exerting  

anti-cancer effects [62]. Although only colon cancer cells are employed in these examinations, the 

indirect effects on cell surface RTKs appear to be one of the putative mechanisms of GTCs against 

liver cancer. Administration of EGCG through drinking water also prevented carbon tetrachloride 

(CCl4)-induced rat hepatic fibrosis by inhibiting IGF-1R and PDGFR-β expression [63]. These 

findings may be particularly significant because, in addition to HCC cells, GTCs also target several 

types of RTKs in a variety of other cell types, and this might contribute to the prevention of liver 

fibrosis progression, a precancerous condition of HCC development. 

A number of in vivo preclinical studies, including chemically induced models, tumor xenograft 

models, and spontaneous models, have found that GTCs have chemopreventive effects in liver 

carcinogenesis [54]. Supplementation with GTCs significantly suppressed the development of 

glutathione S-transferase placental form (GST-P)-positive (GST-P+) foci, a hepatic preneoplastic 

lesion, induced by DEN via reduction of oxidative stress [64]. The growth of HCC xenografts was 

suppressed by administration of EGCG in drinking water, and this was associated with the induction of 

apoptosis [56]. EGCG also suppressed the growth of HuH7 xenografts in nude mice by preventing 

activation of the VEGF/VEGFR signaling axis [59]. Furthermore, EGCG administration also reduced 

the incidence of spontaneous HCC development in mice [65]. The results of these preclinical studies 

demonstrate that GTCs can potentially prevent the early phase of liver carcinogenesis and inhibit the 

growth of existing HCC. 

7. Chemopreventive Potential of GTCs in Metabolic Syndrome-Related Liver Carcinogenesis 

In order to evaluate the potential of GTCs to act as chemopreventive agents for metabolic 

syndrome-related liver carcinogenesis, we have performed a number of animal studies [35,51,52].  

In the first of these, we examined the effects of EGCG on the development of DEN-induced liver 

tumorigenesis in db/db mice. In this study, drinking EGCG significantly inhibited the development of 

liver cell adenomas compared to the control group (EGCG-untreated), and this was associated with 

reduced phosphorylation of IGF-1R, ERK, and Akt proteins in the liver, improvement of liver 

steatosis, and activation of AMP-activated kinase protein in the liver. Interestingly, the serum levels of 

insulin, IGF-1, IGF-2, free fatty acid, and tumor necrosis factor (TNF)-α, and the hepatic expression 

levels of TNF-α, interleukin (IL)-6, IL-1β, and IL-18 mRNAs, were decreased after the administration 

of EGCG in drinking water [35]. 

Next, we investigated whether EGCG could inhibit liver tumorigenesis using a novel rat model that 

shows histopathological and pathophysiological characteristics of NASH. We found that the liver of 

Sprague-Dawley rats treated with DEN and a high-fat diet (HFD) exhibited marked development of 

GST-P+ foci associated with severe hepatic steatosis and inflammation, increased levels of oxidative 
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stress, and enhancement of hepatocyte proliferation. EGCG administration in drinking water significantly 

inhibited the development of GST-P+ foci by reducing hepatic triglyceride content and hepatic fibrosis, 

lowering oxidative stress, attenuating inflammation, and inhibiting excessive hepatocyte proliferation in 

these rats [51]. 

Recently, we have also developed a novel NASH-related liver tumorigenesis model using 

SHRSP.Z-Leprfa/IzmDmcr (SHRSP-ZF) rats, which present with obesity, diabetes, and hypertension 

and thus mimic human metabolic syndrome; we examined whether EGCG inhibited the development 

of GST-P+ foci in these rats. When treated with CCl4 and HFD, SHRSP-ZF rats showed liver 

dysfunction, obesity, insulin resistance, dyslipidemia, adipokine imbalance in the serum, and hepatic 

steatosis significantly more frequently than control non-obese and normotensive rats. The development 

of GST-P+ foci and liver fibrosis was markedly accelerated in SHRSP-ZF rats compared to control 

rats, and this was associated with activation of the renin-angiotensin system (RAS) and induction of 

inflammation and oxidative stress. However, administration of EGCG in drinking water significantly 

suppressed the development of GST-P+ foci by improving liver fibrosis, inhibiting RAS activation,  

and attenuating inflammation and oxidative stress in CCl4- and HFD-treated SHRSP-ZF rats [52].  

The results of these animal studies suggest that administering GTCs, which possess preventive  

and therapeutic properties against metabolic disorders, might serve as an effective chemoprevention 

modality for obesity- and metabolic syndrome-related liver tumorigenesis (Figure 2) [35,51,52]. 

8. Clinical Trial Using GTCs and Future Directions 

Several series of preclinical investigations using both cell cultures and rodent models have strongly 

indicated that GTCs have chemopreventive and therapeutic potential in human cancers. In a pilot study, 

we found that, compared to an untreated control group, oral supplementation with green tea extract  

(1.5 g/day for 1 year) significantly reduced the development of metachronous colorectal adenomas, the 

precancerous lesions for colorectal cancer, after polypectomy [66]. The results from a randomized, 

double-blinded, placebo-controlled study showed that oral administration of GTCs for 1 year also 

inhibited the progression of high grade prostate intraepithelial neoplasia to prostate cancer [67]. 

Moreover, oral administration of mixed tea products significantly decreased the size of leukoplakia,  

a precancerous lesion of the oral mucosa [68]. These findings suggest that an interventional  

approach using GTCs may be effective in the prevention of certain types of tumorigenesis, especially 

in early stages. 

It is believed that consumption of green tea in its whole form provides greater anti-cancer effect 

than supplementation with EGCG alone. Indeed, several reports have indicated that EGCG exerts  

more significant cancer chemopreventive effect when administered in combination with other tea 

catechins [69–71]. Our findings have also shown that EGCG treatment combined with (−)-epicatechin 

(EC) results in synergistic inhibition of cell growth in the HT29 human colon cancer cell line [72]. 

According to the combination assay, the optimal ratio of EGCG to EC for effective anti-cancer activity 

is 60:7. The ratio reflects the relative concentration of EGCG to EC of Polyphenon E (PolyE), which 

contains 65% EGCG, 25% other catechins, and 0.6% caffeine, extracted from green tea. PolyE is 

reported to display anti-cancer effects almost equivalent to that of the same concentration of EGCG 

alone in in vitro study [72]. Other studies in rodents have also demonstrated greater efficacy from 
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PolyE in inhibiting tumor development compared to GTCs [10,73]. These findings suggest that the 

anti-cancer effect of GTC may differ depending on its composition or combination with other agents. 

 

Figure 2. Mechanisms of action of GTCs in the inhibition of metabolic syndrome-related 

liver carcinogenesis. Metabolic syndrome significantly increases the risk of HCC development. 

Several pathophysiological mechanisms link metabolic syndrome and liver carcinogenesis, 

such as insulin resistance, activation of the IGF/IGF-1R axis, chronic inflammation, 

oxidative stress, and adipokine dysbalance. They appear to be followed by molecular 

abnormality, including activation of PI3K/Akt and MAPK/ERK signaling, down-regulated 

phosphorylated-AMPK, and increased pro-inflammatory cytokines. Administration of GTCs 

significantly reduces the risk of HCC development in obese patients, and this might be 

associated with decreased insulin resistance and hepatic steatosis, inhibition of the activation 

of the IGF/IGF-1R axis, and attenuation of oxidative stress and chronic inflammation.  

Up- and down-pointing solid arrows mean items are up- and down-regulated, respectively. 

The safety of GTCs as a chemopreventive agent has been demonstrated in several studies;  

no adverse events are observed with administration of tea polyphenols at doses ranging from 600 to 

1800 mg/day [66,67,74,75]. In human interventional studies, relatively high doses of GTCs seem to  

be often used to achieve high concentrations of catechins in the blood and tissues. Therefore, a number 

of case reports of side effects related to administration of GTCs can be seen; these include excess  

gas, nausea, heartburn, abdominal pain, dizziness, headache, muscle pain, and hepatotoxicity [75,76]. 

These adverse reactions appear to be experienced in examinations with supplementation of high  

doses of GTCs in pills or capsules rather than drinking green tea [77]. Recent literature indicates  

that green tea extract, including GTCs, may inhibit certain types of microsomal cytochrome P450 

(CYP), and may not lead to drug-induced liver injury when a drug and green tea are administered 

simultaneously [78]. 
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A randomized, double-blind, placebo-controlled phase IIa chemoprevention trial demonstrated  

that GTCs have antioxidant effects in individuals who have several risk factors for HCC, and this  

may suggest that chemoprevention with GTCs is an effective strategy for diminishing oxidative  

DNA damage [79]. Conversely, Jin et al. [80] reported that GTCs did not significantly reduce HCC 

incidence or HCC-related mortality in a review of four clinical studies. The authors found that there 

were major limitations that needed to be taken into account when interpreting the results of these 

studies, including an improper comparison of control and treatment groups, possible selection bias, and 

a lack of randomization. In addition, the dosage and duration of GTC administration varied between 

studies, and this might have affected the results of these studies. Therefore, large-scale, randomized, 

double-blinded, placebo-controlled studies should be conducted to clarify the chemopreventive effects 

of GTCs on HCC development in chronic liver disease patients, especially those who have metabolic 

syndrome or are obese. Interestingly, the serum levels of IGF-1, VEGF, and prostate-specific antigen 

were significantly decreased following the administration of a green tea mixture to prostate cancer 

patients [81]. Therefore, appropriate biomarkers, including HCC-related tumor markers and several 

types of growth factors associated with liver carcinogenesis and fibrosis, should be measured when 

evaluating the chemopreventive effects of GTCs on liver tumorigenesis in future clinical trials. 

9. Concluding Remarks 

Finally, we would like to discuss the interesting findings of our recent studies showing that specific 

agents may be able to prevent colorectal carcinogenesis associated with obesity and metabolic 

syndrome, both of which also increase the risk of colorectal cancer [82,83]. Specifically, we have 

reported that supplementation with both EGCG and BCAA suppresses obesity-related colorectal 

carcinogenesis in db/db mice by reducing serum levels of insulin and inhibiting activation of the 

IGF/IGF-1R signaling pathway in the colonic mucosa [45,84]. Supplementation with curcumin,  

a component of turmeric, also inhibits the development of chemically induced colonic premalignant 

lesions in db/db mice by attenuating chronic inflammation and reducing adipokine imbalance [85].  

The results of these studies [45,84,85], together with the evidence summarized in this review, may 

indicate that a nutraceutical approach for targeting metabolic abnormalities could effectively prevent 

the development of certain types of cancers associated with obesity and metabolic syndrome [9,77,86].  

In addition, as reviewed in this article, GTCs are one of the most practical agents to use with this 

treatment approach. 

When considering current social and medical circumstances, there is a great concern that the 

number of patients with metabolic syndrome-associated HCC will continue to increase. GTCs are 

considered one of the most promising phytochemicals for the prevention of cancer and the treatment  

of metabolic disorders. From the present review, it is particularly noteworthy that the administration  

of GTCs is an effective strategy to prevent the development of metabolic syndrome-related liver 

tumorigenesis. In order to clarify the effectiveness of GTCs in suppressing metabolic syndrome-related 

liver tumorigenesis, further extensive study is needed, including an active intervention trial. 
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