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Abstract: Epigallocatechin gallate (EGCG) is a catechin, which is a type of flavonoid found in high
concentrations in green tea. EGCG has been studied extensively for its potential health benefits,
particularly in cancer. EGCG has been found to exhibit anti-proliferative, anti-angiogenic, and pro-
apoptotic effects in numerous cancer cell lines and animal models. EGCG has demonstrated the
ability to interrupt various signaling pathways associated with cellular proliferation and division
in different cancer types. EGCG anticancer activity is mediated by interfering with various cancer
hallmarks. This article summarize and highlight the effects of EGCG on cancer hallmarks and focused
on the impacts of EGCG on these cancer-related hallmarks. The studies discussed in this review
enrich the understanding of EGCG’s potential as a therapeutic tool against cancer, offering a sub-
stantial foundation for scientists and medical experts to advance scientific and clinical investigations
regarding EGCG’s possibility as a potential anticancer treatment.

Keywords: epigallocatechin gallate (EGCG); cancer hallmarks; anticancer; angiogenesis; metastasis;
immune evasion

1. Introduction

Cancer continues to be a leading cause of mortality worldwide, presenting a signif-
icant challenge to public health [1]. Over the years, extensive research efforts have been
implemented to explore various therapeutic strategies aimed at combating cancer. Among
the evolving prospects in cancer treatments, there has been a noteworthy focus on natural
compounds originating from plants. This focus is credited to their potential as anticancer
agents [2]. One of these compounds is epigallocatechin gallate (EGCG), a polyphenolic
catechin found abundantly in green tea [3].

EGCG has attracted scientific interest owing to its remarkable bioactive properties.
Including potent antioxidant, anti-inflammatory, and anti-proliferative effects [4]. These
characteristics have stimulated investigations into the potential of EGCG in treating and
preventing cancer [3]. A growing body of evidence suggests that EGCG may target multiple
cancer hallmarks, which are the fundamental biological processes and traits that contribute
to cancer development and progression [5].

The cancer hallmarks include sustained proliferative signaling, evasion of growth
suppressors, resistance to cell death, replicative immortality, induction of angiogenesis,
activation of invasion and metastasis, reprogramming of energy metabolism, and evasion
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of immune destruction. By targeting these hallmarks, EGCG exhibits a versatile mechanism
of action, providing a comprehensive approach to cancer prevention and intervention [6].
Figure 1 shows a summary of cancer hallmarks targeted by EGCG.
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Figure 1. Summary for the potential cancer hallmarks targets for EGCG. Generated by BioRender
(https:/ /www.biorender.com/, access date: 1 February 2024).

This review aims to highlight the potential of EGCG as a promising natural compound
for cancer prevention and treatment. Understanding the molecular mechanisms and the
impact of EGCG on cancer hallmarks will facilitate the development of novel therapeutic
strategies and personalized approaches to improve cancer management.

1.1. Pharmacokinetic Properties of EGCG

Unfortunately, most of the studies which reported the pharmacokinetic properties of
catechins including EGCG were conducted on animal models rather than humans. In a
study conducted to measure the absorption, distribution, and elimination of EGCG in rats,
10 mg/kg of EGCG were intravenously injected. Results showed (3-elimination half-live of
135 min, clearance of 72.5 mL/min/kg, and a distribution volume of 22.5 dL/kg [7].

In another study eight subjects, EGCG were given 2 mg/kg pure EGCG or 20 mg
decaffeinated green tea. Maximum absorption occurs subsequently to 1.3-1.6 h after
ingestion. Moreover, EGCG maximum plasma concentration was 77.9 £ 22.2 at that
time [8], with elimination half-live equals to 3.4 £ 0.3.

EGCG absorption takes place in the small intestine, especially in the jejunum and
ileum. Therefore, EGCG is transported by paracellular diffusion through the intestinal
wall [9]. After the absorption, only a small amount (5%) of the total catechins reaches the
plasma. This small amount could be explained by the rapid metabolism and excretion,
digestive instability, and poor absorption of the catechins [10]. Following this, up to 90% of
EGCG can be found freely unconjugated in the plasma [11].

After EGCG absorption, EGCG is metabolized using methylation by the catechol-O-
methyltransferase generating primarily a metabolite called di-methoxyl-EGCG (di-OMe-
EGCQG) [12]. Sulfo- and/or glucuronic conjugation were also detected during EGCG
metabolism. [13]. Moreover, it was proved that intestinal microbiota plays a significant role
in EGCG metabolism [14,15].

EGCG was found to be excreted in the bile, while other types of catechins such as (—)-
epigallocatechin (EGC) and (—)-epicatechin (EC) were excreted in both bile and urine [7].
Figure 2 shows green tea metabolism and distribution in the human body.
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It can be concluded that many barriers are challenging EGCG disposition in human
bodies. Low blood-brain permeability, poor intestinal stability, and low intestinal absorp-
tion are suggested mechanisms to explain the low bioavailability of EGCG [16].
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Figure 2. Green tea metabolism in human body [17].

1.2. EGCG Bioavailability Obstacles

Oral absorption of EGCG was noticed to be very low, when EGCG was given as oral
administration in rats, its absolute bioavailability was 0.1% [18]. Some in vitro studies stated
that the active concentration of EGCG was around 1 to 100 umol/L [18]. Unfortunately,
the maximum EGCG concentrations in human plasma were reported to be in lower values
(0.16% of ingested catechins) [18]. This can be explained as EGCG is known for its minimal
stability and low bioavailability [19].

One of the main reasons behind the low bioavailability of EGCG is intestinal metabolism.
Intestinal metabolism affects the bioavailability of flavonoids. It was shown that EGCG
was easily metabolized by Raoultella planticola, Enterobacter aerogenes (Klebsiella planticola),
Bifidobacterium longum subsp., and K. pneumoniae subsp. [20]. These types of bacteria are
found frequently in gut microbiota [20]. Using the pig cecum model, it was proved that the
ester bonds in the gallate derivatives were not durable versus microbial degradation [21].
By using the rat model, after the oral administration of EGCG (25 mg, 54.5 pmol), the
fecal metabolites resulted in nine metabolites detected in feces; nevertheless, no EGCG
was detected [20]. In addition, there are studies reporting that EGCG may even be de-
graded and countered by metabolism even before reaching the colon, especially in the
small intestine [14]. Therefore, there is an urgent and continuous need for improving
EGCG bioavailability.

One of the practices that is utilized to increase EGCG bioavailability is using other
natural products such as curcumin and piperine. Curcumin was reported to inhibit P-
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glycoprotein pump, thus inhibiting EGCG efflux [22], while with piperine, coadministra-
tion of EGCG and piperine as 163.8 micromole/kg and 70.2 micromole/kg to male CF-1
mice enhanced the area under the curve and maximum plasma concentration by 1.3-fold
related to mice treated with EGCG alone [23]. Furthermore, nanotechnology has improved
EGCG bioavailability, EGCG has been prepared using different nano technologies such
as nanoemulsion, nanoparticle, and nanoliposome [16]. All these technologies have been
shown to increase EGCG bioavailability by different mechanisms. In nanoemulsion, a
higher area under the plasma concentration-time curve was detected when rats were
treated with tea phenols prepared as nanoemulsions compared to the aqueous form [24].
According to nanoparticles technology, it was proved that when EGCG was encapsulated
with chitosan-tripolyphosphate nanoparticles, it resulted in enhancing EGCG oral delivery
by increasing the contact of EGCG to the jejunum ended with an upsurge of EGCG plasma
concentrations [25]. In nanoliposome technology, it was shown that different concentra-
tions of EGCG altered tumor cell growth in vitro [26]. Moreover, another in vitro study
reported that bilosome delivery systems had improved EGCG bioavailability by 1.98 times
by enhancing gastrointestinal stability [27]. Also, using microspheres had improved the
metabolic stability of EGCG [28].

1.3. EGCG Toxicity

Although EGCG is a natural product, it does not mean that it is safe. EGCG can be
considered as a safe natural treatment until certain doses are reached. Most of the studies
which reported EGCG toxicity were conducted on either mice or rats.

In mice, it was reported that frequent EGCG IP injection (55 or 75 mg/kg/day) for
5 days causes hepatotoxicity and inhibition of hepatic main antioxidant enzymes. And
the maximum tolerable dose was 45 mg/kg/day, IP, for 7 days [29]. Moreover, when
EGCG was given to diabetic mice at 100 mg/kg/day, intraperitoneally (IP) it caused renal
damage [30]. Furthermore, it was noticed that the oral administration of EGCG at 0.5
and 1 g/ kg caused death and adverse effects such as fur loss, abdominal distention,
and chattering [31]. Also, specifically in CF-1 mice, it was proved that the single oral
administration of EGCG (1500 mg/kg) provoked rigorous hepatotoxicity and death [32].
Additionally, the IP administration of EGCG at 100 mg/kg increased alanine transaminase
in mice, while 150 and 200 mg/kg doses triggered death at less than 24 h [33].

Using rat models, when EGCG was used at doses above 10 umol/L, it resulted in
hepatic cellular injury and a decline in hepatocyte function [34]. Another research showed
that the oral administration of 2000 mg of EGCG/kg was fatal to rats while 200 mg
EGCG/kg was not [35].

The European food safety authority panel conducted a comprehensive study to the
evaluate the possible association between the consumption of EGCG and hepatotoxicity.
The study was based on published scientific articles and resulted in the following con-
clusions: the average daily intake of EGCG from green tea infusion is 90 to 300 mg/day.
The levels of EGCG may reach 866 mg/day in high level consumers of green tea herbal
infusion and 5-1000 mg /day from food supplements. In humans (NCT00917735 on 8 June
2009), some studies reported that the daily consumption of 0.8 g for 4 months or more may
increase the risk of hepatocellular injury [36]. Additionally, starvation is considered as
one of the risk factors for green tea hepatotoxicity. Studies showed that dieters carrying
the HLA-B*35:01 susceptibility gene have an increased risk of liver injury due to EGCG
overconsumption (Figure 3).
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Figure 3. Hepatotoxicity of EGCG [37].

2. Cancer Hallmarks as Therapeutic Targets

The concept of cancer hallmarks is a dynamic process that progresses continuously
with the development in understanding of cancer biology. Recent studies showed that
phenotypic plasticity and altered differentiation in cancer cells are also considered among
cancer hallmarks [38]. Additionally, specified functional regression, epigenetic factors, mi-
crobiome, and neuronal signaling were also proposed as cancer hallmarks [39]. The ongoing
advancement of targeted therapies holds promise for improving treatment outcomes and
minimizing the side effects associated with traditional non-specific cancer treatments [40].

EGCG stands as a natural compound that shows promise as a multifaceted therapeutic
agent targeting various cancer hallmarks, and ongoing research continues to explore its
potential in cancer treatment [6]. The function of EGCG in targeting cancer hallmarks is
attributed to its structure (Figure 4). It consists of three aromatic rings (A, B, and D) that are
connected by a pyran ring [41]. The transfer of hydrogen atoms or single-electron transfer
involving the hydroxyl groups of the B and/or D rings is what gives EGCG its antioxidant
properties [42]. In addition, decreasing the number of -OH groups in B and D rings is
responsible for the inhibition of proteasome activity in vitro [43]. The study also showed
that B-ring/D-ring peracetate-protected EGCG analogs were the most active in proteasome
inhibition and apoptosis induction [41]. EGCG promotes anticancer effects by regulating
multiple processes such as inhibition of carcinogen activity, tumorigenesis, proliferation,
and angiogenesis, and induction of cell death [3].
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Figure 4. Structure of epigallocatechin-3-gallate. [(2R,3R)-5,7-dihydroxy-2-(3,4,5-trihydroxyphenyl)
chroman-3-yl1]3,4,5-trihydroxy-benzoate.

3. EGCG and Cancer Hallmarks
3.1. Role of EGCG in Genomic Instability

The cell cycle is a complex sequence of events where replication and division take
place. Many regulatory proteins are involved in proper cellular reproduction, including
cyclin proteins, cyclin-dependent kinases, oncogenes, tumor-suppressor genes, and mitotic
checkpoint proteins [44]. Mutations of any of these regulatory mechanisms can cause
the reproduction of cells with genetic mutations or abnormal numbers of chromosomes,
resulting in genomic instability [45].

Genomic instability plays a crucial role in the initiation and development of cancer [46].
It refers to an increased propensity for DNA damage, mutations, and chromosomal aberra-
tions within cells [47]. Genomic instability can arise from multiple factors, including errors
during DNA replication, exposure to genotoxic agents, defects in DNA repair mechanisms,
and alterations in cell cycle checkpoints [45].

In previous studies, five priority targets against genomic instability are identified:
(1) prevention of DNA damage; (2) enhancement of DNA repair; (3) targeting deficient
DNA repair; (4) impairing centrosome clustering; and (5) inhibition of telomerase
activity [48].

In a study conducted on colon adenocarcinoma cells COLO205, it was reported that
EGCG in different concentrations (5-40 pg/mL), had variable effects on chromosome
instability, initiation of apoptosis, and inhibition of cell division [49]. The study showed
that EGCG has selective activity against cancer cells compared with normal cells. It reduced
chromosomal instability and inhibited apoptosis in human normal colon epithelial cells.
On the other hand, the same concentrations of EGCG induced chromosome instability and
apoptosis in colon adenocarcinoma cells [48]. Also, telomeric modulation was suggested
as a target for EGCG. It was noticed that EGCG had shortened the telomere and lowered
telomerase activity in Caco-2 cells. On the other hand, relatively longer telomeres along
with increased methylation were observed in fibroblasts after treatment with EGCG. Also,
antioxidant activity was reported at 20 and 200 uM [50]. Furthermore, it was detected that
EGCG can bargain some protection against UV-induced DNA damage in cell cultures and
human peripheral blood samples [51].

3.2. Induction of Apoptosis
3.2.1. Caspase-Dependent Apoptosis

EGCG has shown promising effects in inducing apoptosis in cancer cells in laboratory
studies and animal models [3]. It has been found to activate multiple pathways involved
in apoptosis, including the activation of caspases and enzymes responsible for initiating
and executing the apoptotic process [52]. EGCG increases the expression of tumor sup-
pressor genes, like p53 [53]. EGCG also suppresses receptors or signaling proteins that are
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important for proliferation pathways in cancer cells, including the epidermal growth factor
receptor (EGFR) [54], human epidermal growth factor receptor-2 (HER2) [55], insulin-like
growth factor receptor (IGF) [56], and mitogen-activated protein kinase (MAPK) [57].

In MCF-7 breast cancer cells, EGCG at 30 umol/I restrained the proliferation of MCF-7
cells and encouraged apoptosis in these cells, the underlying mechanism may be related
to the P53/Bcl-2 signaling pathway [58]. Moreover, in gastric cancer, using SGC7901 cells,
EGCG increased apoptosis rates after treatment with 80 pug/mL in hypoxic conditions [59].
Also, in nasopharyngeal carcinoma, EGCG induces apoptosis through downregulation
of Sirtuin 1 (SIRT1) when used at 40 uM [60]. In addition, it was shown that 40 ng/ML
of EGCG provoked apoptosis in pancreatic cancer via the expression of Phosphatase and
tensin homolog deleted on chromosome 10 (PTEN) [61].

Additionally, a study revealed that EGCG inhibits phosphofructokinase activity, in-
creasing the proapoptotic BH3-only protein expression and decreasing the expression of
Bcl-2, which eventually leads to apoptosis in hepatocellular carcinoma cells [62].

Moreover, EGCG (0.5 mM) along with epicatechin (3 mM) can induce an apoptotic
effect by the inhibition of the DNL (de novo lipogenesis) pathway, which resulted in the
prominent activity of carnitine palmitoyl transferase-1 (CPT-1) mediating apoptosis in
HepG2 cells [63].

3.2.2. Caspase-Independent Apoptosis

Caspases play a major role in both intrinsic and extrinsic routes of apoptosis. However,
caspase-independent mechanisms also require the apoptosis-induction factor (AIF) and
endonuclease G (EndoG). Apoptosis is increased once DNA is cleaved by both AIF and
EndoG in the nucleus. In an in vitro study, Lee et al. [64] demonstrated that EGCG causes
laryngeal epidermoid carcinoma cells to undergo caspase-independent apoptosis.

3.3. Tumorigenesis and Carcinogen Activity Suppression

The phrase tumorigeneses refers to the initial formation of a tumor in the body.
Carcinogenesis may be developed by the action of biological, physical, or chemical agents
that produce a non-lethal, permanent DNA error on the cell. Even though the mechanisms
of EGCG on anti-carcinogenesis and anti-tumorigenesis are not clear, the anticancer impact
of EGCG has been reported in multiple cancers [65].

In a study conducted on mice, it was observed that EGCG defends from cisplatin-
induced DNA damage and/or inhibits tumor growth directly in lung cancer [66]. Further-
more, EGCG was found to prevent obesity-related liver tumorigenesis in obese diabetic
mice. Its effect was mediated by inhibiting the insulin-like growth factor (IGF)/IGF-1
receptor (IGF-1R) axis [67].

3.4. Role of EGCG in Sustained Proliferative Signaling

The cellular and molecular mechanisms behind the numerous health benefits of EGCG
are still not fully understood, most likely because EGCG affects numerous cellular pathways
and thus affects numerous processes at once [68]. The primary signaling pathways that are
known to be affected by EGCG treatment in various cancer models are briefly outlined in
the following subsections:

3.4.1. ERK and PI3K-Akt Pathways

The extracellular-signal-regulated kinase (ERK) pathway is one of the most investi-
gated pathways modulated by EGCG. ERK is considered a key signaling cassette of the
mitogen-activated protein kinase (MAPK). In addition, ERK involves a kinase cascade
(RAS-Raf-MEK-ERK) and is activated by a membrane receptor, such as an active receptor
tyrosine kinase (RTK), to regulate a wide range of cellular functions. Also, ERK controls
nuclear and cytosolic transcription factors, enhancing cell growth, differentiation, and
survival [69].
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Several investigations in cell cultures and animal models showed that the MAPK
pathway was inhibited and suppressed in response to EGCG administration [70], primarily
through the reduction in ERK1/2 phosphorylation and the inhibition of RAS and Raf-1
activity and expression [71].

It is known that EGCG interacts with RTK receptors, which control cancer signal-
ing [52]. One of the most important receptors which belong to the RTK family is the
epidermal growth factor receptor (EGFR) [72]. Activation of the EGFR is necessary for
tumor survival and growth, especially in breast cancer and head and neck squamous
cell carcinoma [73,74]. It was detected that EGCG inhibits EGFR activation in carcinoma
cells [75]. As a result, the mechanism of the EGCG anticancer effect is based on the sup-
pression of the EGFR signaling pathway, which involves a reduction in Akt and ERK1/2
activation [76].

Examining the phosphatase and tensin homolog deleted on chromosome 10 (PTEN), a
regulator of the PI3K/Akt/mTOR signaling cascade, has also been used to demonstrate the
anti-tumor effects of EGCG treatment in several malignancies. PTEN blocks the phospho-
rylation of Akt by PDK1 and the subsequent activation of mTOR. The effects of EGCG on
pancreatic and ovarian cancer cells include the reduction in cell growth and the encourage-
ment of apoptotic death through an increase in PTEN expression levels and a concurrent
decrease in Akt and mTOR activation by phosphorylation [61,76].

3.4.2. 67-LR Pathway

The 67 kDa high affinity laminin receptor (67LR) is a cell surface receptor for laminin
which is the main component of the basement membrane. Binding of this receptor with
laminin is essential for cell adhesion, migration, proliferation, and survival. This receptor
is overexpressed in many cancer cells, is another detected target of EGCG. Many 67-LR
receptors are found in lipid rafts [77]. The clustering of lipid rafts in vast platforms loaded
with cholesterol has been linked to abnormal spatial regulation of RTKs, contributing to the
emergence and spread of cancer [78]. It is suggested that EGCG may influence lipid rafts-
mediated apoptosis via 67-LR in particular cancer cell types such as multiple myeloma [79]
(Figure 5).
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t - y > % FoF T ‘ \ .
l er664
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Figure 5. Binding of EGCG induce lipid raft-mediated apoptosis [80].

Endothelial nitric oxide synthase (eNOS), an enzyme that catalyzes the generation of
nitric oxide (NO) from L-arginine, may be phosphorylated and activated by the binding
of EGCG to 67-LR. The release of NO cause soluble guanylate cyclase (sGC) activation
and production of cGMP, which in turn activates PKC. The activated PKC phosphorylate
and activates acid sphingomyelinase (SMase), which catalyzes the hydrolysis of sphin-
gomyelin to ceramide (and phosphorylcholine), inducing lipid raft-mediated apoptosis
(Figure 3) [52,79]. On the other hand, over production of NO is associated with toxic effects
on endothelium. During immune defense mechanisms against infection, NO is produced
together with superoxide. The reaction between these two products causes the generation
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of reactive nitrogen species (RNS). Elevated levels of NO and RNS induce modification of
proteins function, alteration in membrane permeability and fluidity, and DNA mutations.

3.4.3. NF-«B Pathway

One of the most studied targets in cancer research is nuclear factor kappa (NF-«B). It
is a transcription factor that controls the expression of a wide range of proinflammatory
mediators [81]. Nuclear factor-«B is involved in many cellular mechanisms, such as death,
growth, inflammation, and immune response [82,83]. NF-kB acts as a regulator of gene
transcription in response to oxidative stress [84]. Numerous investigations have proven
that EGCG has an inhibitory effect on NF-«B [85-87]. In lung cancer, it was reported that
a combination of EGCG and the NF-«B inhibitor BAY11-7082 had a synergistic effect in
reducing lung cancer cell proliferation by suppressing NF-«B signaling, both in vitro and
in vivo, also EGCG alone inhibits lung cancer cell proliferation by suppressing NF-«B
signaling [85]. Furthermore, in ovarian cancer, EGCG was noticed to improve cisplatin
resistance by altering the Myb-induced NF-kB-STAT3 signaling pathway [88]. Also, in
prostate cancer, it was proven that consumption of green tea extract may lower the levels
of NF-«B and p53 in rats [89].

In addition, EGCG was utilized at various concentrations to control NF-«B activity to
have a protective impact against the negative cascade that was triggered by UV radiation
in normal human epidermal keratinocytes [90]. Additionally, it was reported that EGCG
reduced cisplatin toxicity on kidney function as it decreased oxidative stress and NF-«kB in
mice [91].

3.5. Role of EGCG in Evasion of Anti-Growth Signaling

Carcinogenesis, the process of cancer development, involves intricate cellular changes
and the acquisition of mechanisms to overcome growth suppression [92]. EGCG, a potent
polyphenol found in green tea, has shown the potential to interfere with this anti-growth
signaling pathway [93]. The role of EGCG in the evasion of anti-growth signaling pathways
involves targeting multiple mechanisms. These mechanisms involve genetic alterations,
such as chromosomal deletion, mutation, and inactivation of key regulators [94]. Addition-
ally, epigenetic modifications, such as DNA methylation and histone modifications, can
contribute to the evasion of tumor suppressors [95]. The loss or dysfunction of tumor sup-
pressor genes, such as CDKN2A, TP53, and PTEN, is frequently observed in solid tumors,
leading to unopposed activation of signaling pathways that promote tumor growth [96].
There are several pathways included in the growing process of cancer cells, such AT-rich
interactive domain 1A (ARID1A), Hippo, growth differentiation factor 15 (GDF15), insulin-
like growth factor (IGF), p53, phosphatase and tensin homolog (PTEN), retinoblastoma
protein (Rb), Notch, and Kriippel-like factor 5 (KLF5) pathways [97]. Among these path-
ways, EGCG showed a proven effect on the Rb pathway. The Rb gene, recognized as one
of the earliest tumor suppressor genes, plays a crucial role in cell cycle progression and
the integration of various intra- and extracellular signals [98]. Loss or inactivation of the
Rb gene, often accompanied by alterations in the cyclin-dependent kinases (CDKs) and
E2F family of transcription factors, contributes to the evasion of anti-growth signaling in
cancer cells [99]. It was stated that green tea-derived galloyl polyphenol and EGCG were
displayed to reduce the phosphorylation of Rb, and as a result, cells were arrested in G1
phase [100].

EGCG inhibits prostate cancer by induction of P53-dependent apoptosis [101]. In
another study, a synergistic effect was observed between EGCG and luteolin against head
and neck and lung cancer cell lines. This combination caused 3-5-fold increase in apoptosis
compared with single treatments [100]. Moreover, it was shown that EGCG inhibited
gastric cancer in vitro and in vivo through the activation of apoptosis [102].
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3.6. Role of EGCG in Replicative Immortality

Telomerase activity is considered as one of the mechanisms responsible for genome
stability. The levels of these enzymes vary between different cells and even between cancer
cells within the same tumor [103].

The catalytic subunit of telomerase, called hTERT, is crucial for its proper function and
has been observed to be expressed in approximately 90% of all cancer types [104].

Accumulating evidence demonstrates that EGCG effectively suppresses telomerase
activity in diverse cancer cell types [105]. This inhibition leads to a progressive reduction
in telomere length, ultimately impeding replicative potential. Studies have elucidated the
molecular mechanisms underlying EGCG’s anti-telomerase effects, including disruption of
telomerase assembly and inhibition of telomerase enzymatic activity [105]. Furthermore,
EGCG-induced telomere shortening has been correlated with cell cycle arrest and induction
of cellular senescence in cancer cells [106].

Several studies reported the ability of EGCG to modulate the expression and activity of
telomere-associated proteins [107]. EGCG showed activity through inhibition of telomerase
activity, alteration of telomeric DNA-binding proteins, and disruption of telomere-related
signaling pathways [108,109].

The effects of EGCG on telomerase activity were observed in several cancer models.
It was reported that 20 and 200 uM of EGCG caused telomere shortening and decreased
telomerase activity in Caco-2 cells [50]. Moreover, in glioblastoma, EGCG suppressed the
growth of U251 cells through telomerase inhibition [106]. Additionally, down regulation of
telomerase expression was reported in breast cancer cells after treatment with EGCG [110].

3.7. Role of EGCG in Tumor Dysregulated Metabolism

EGCG has emerged as a promising candidate for targeting tumor-dysregulated
metabolism (Figure 6). Its ability to modulate various metabolic pathways involved in
energy production, lipid metabolism, and redox balance highlights its potential as a thera-
peutic agent for combating cancer [111].

glucose EGCG

OOOO00)
glucose
transporters

%&Pw

glucose -6-p
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$ T caspase8 ¢ :
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Figure 6. EGCG induce apoptosis in cancer cells through targeting glucose metabolism [62].
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Tumor cells tend to rely on glycolysis for energy production, even in the presence
of oxygen. EGCG has been found to inhibit key enzymes involved in glycolysis, such as
hexokinase and pyruvate kinase, thereby disrupting the Warburg effect and inhibiting
tumor cell growth [112]. It was noticed that a combination of EGCG and gemcitabine
reduced pancreatic cancer growth in the xenograft model by 67%, which was explained
by suppressing glycolysis [113]. Plus, in colorectal cancer, EGCG treatment of cancer-
associated fibroblasts restrained their tumor-promoting abilities by stopping their glycolytic
activity [112].

Also, EGCG has been shown to inhibit fatty acid synthase, an enzyme involved in
de novo fatty acid synthesis. By suppressing lipid synthesis, EGCG can interfere with the
formation of lipid membranes essential for tumor cell proliferation. Additionally, EGCG
can activate AMP-activated protein kinase (AMPK), a metabolic regulator that inhibits
lipid biosynthesis and promotes fatty acid oxidation [114]. In the literature, it was informed
that EGCG sensitizes radioresistance by reducing fatty acid synthase, and EGCG acts as
a radiosensitizer for better treatment of nasopharyngeal carcinoma [115]. Moreover, in
triple-negative breast cancer, it was stated that EGCG inhibited fatty acid synthase [116].

Glutamine is a vital nutrient for cancer cells, and its metabolism plays a crucial role in
supporting tumor growth [117]. EGCG has been found to inhibit glutamine uptake and
the activity of glutaminase, an enzyme involved in glutamine metabolism. By disrupting
glutamine utilization, EGCG can impede the growth and survival of tumor cells [118]. In
Hepatocellular carcinoma, EGCG inhibited glutamate dehydrogenase 1 and blocked cell
growth under low glucose conditions [119].

EGCG exhibits antioxidant properties and can modulate cellular redox balance. It can
scavenge reactive oxygen species (ROS) and enhance the activity of antioxidant enzymes,
such as superoxide dismutase and catalase [120]. By regulating redox homeostasis, EGCG
can mitigate oxidative stress, which is often elevated in cancer cells and contributes to
tumor progression [121]. In non-small lung cancer cells, EGCG showed a pro-oxidative
effect through copper transporter 1 regulation [122]. Moreover, in lung adenocarcinoma,
a minimal dose of EGCG (0.5 uM) enhanced Doxorubicin (10 pM) toxicity and revealed
oxidative damage-mediated antineoplastic ability by reorienting the redox signaling in
Ab49 cells [123].

3.8. Role of EGCG in Tumor-Promoting Inflammation

Increased inflammatory mediators are associated with a bad prognosis in cancer pa-
tients, and inflammation is a key factor in the development and progression of cancer [124].
Tumor necrosis factor, chemokines, inflammasomes, transcription factors, cytokines, infil-
trating or circulating immune cells, and ROS are a few of the cancer-related inflammatory
factors that contribute to the development of cancer [125]. Tumor necrosis factor (TNF) is
a pro-inflammatory cytokine associated with different cancer types. This cytokine works
by promoting tumor cell migration and invasion also regulating penetration of tumor-
associated macrophages into the tumor microenvironment [126].

EGCG has been proven to have anti-inflammatory properties and to block the pro-
duction of pro-inflammatory cytokines [127]. It was reported that 10 uM and 50 uM of
EGCG treatment exhibited inhibitory activity for NO, COX-2, IL-6, IL-1f3, and TNF-« in
LPS-induced RAW 264.7 cells [128].

COX-2 overexpression has been observed in a variety of malignancies. However,
regulating it is a critical step toward cancer management. In androgen-sensitive and
androgen-insensitive human prostate cancer cells, EGCG suppresses cyclooxygenase-2
without altering COX-1 expression at both the mRNA and protein levels. Based on these
data, it is tempting to suggest that combining EGCG with chemotherapeutic medications
might be a superior method for prostate cancer prevention and therapy [129].
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3.9. Role of EGCG in Angiogenesis Inhibition

A major angiogenic factor is known as vascular endothelial growth factor (VEGF).
It is usually upregulated in cancer, as it contributes to forming new blood vessels, thus
enhancing tumor survival [130]. Cancer regularly needs a blood supply for development,
and when this supply is cut off, cancer can become dormant [131]. The ability to inhibit the
angiogenesis process is seen as a strength in cancer therapy efforts. Angiogenesis plays an
important part in the development of many health problems [132].

EGCG plays a dynamic starring role in the suppression of uncontrolled angiogenesis
by inhibiting Vascular endothelial growth factor (VEGF) [133]. In one study, it was reported
that EGCG strongly inhibited VEGF mRNA transcription in gastric cancer at different
concentrations (20 pg/mL, 60 pg/mL, and 100 ug/mL) [59]. In breast cancer, EGCG in-
hibited the protein expression of VEGF when used at 25, 50, and 100 mg/L in vitro [134].
Also, in colorectal cancer, EGCG when used at 0.01 and 1% inhibited the activation of
the VEGF/VEGF receptor axis, which is important in the pathological angiogenesis of
tumor cells [135]. In addition, in neck and breast carcinoma, EGCG at 30ug/mL EGCG
was reported to lower VEGF production in head and neck and breast carcinoma cells by
inhibiting epidermal growth factor receptor (EGFR) related pathways [136]. A prodrug
derived from EGCG (Pro-EGCG) was tested to inhibit angiogenesis in endometrial can-
cer. The results showed an anti-angiogenic effect of this drug through the inhibition of
the PI3BK/AKT/mTOR/HIF1a pathway [137]. Furthermore, it was reported that EGCG
potentiates the antiproliferative activity of sunitinib against different cancer cell lines, by
reducing the production of VEGF [138]. Moreover, in gastric cancer, it was noticed that
EGCG inhibited VEGEF secretion and also inhibited the expression of transcription factor
activator protein 2A phosphorylation [139]. Besides hepatocellular carcinoma, EGCG in-
hibited angiogenesis by inhibiting VEGEF-dependent pathways [71]. In addition, much
research proved that EGCG decreased VEGF in different breast cancer cells [140].

3.10. Role of EGCG in Tissue Invasion and Metastasis

Tissue invasion is the process by which cancer cells grow into adjacent environ-
ments [141]. Metastasis refers to the process of cancer cells breaking away from the prime
tumor, migrating to a new site, and finding a new, or secondary tumor, in the new environ-
ment [142].

EGCG had shown a great effect in targeting cancer invasion and metastasis. In
colorectal cancer, EGCG inhibited the cancer invasion by downregulating MMP-2 and
MMP-9 expression [143]. In addition, in hypopharyngeal carcinoma, EGCG inhibited
hepatocyte growth factor-induced invasion [144]. Also, in pancreatic cancer, EGCG reduced
the invasion and metastasis in vitro and in vivo [145]. In addition, in highly invasive lung
cancer, EGCG inhibited CL1-5 cells invasion and migration. Also, it improved docetaxel
effect in suppressing metastasis of these cells [146]. Moreover, in MCF-7 tamoxifen-resistant
cells, EGCG stopped cell growth and invasion through the down-regulation of EGFR [147].

3.11. Role of EGCG in Tumor-Associated Immune Evasion

The immune system is present to save the body from infections and foreign antigens,
but the cancer cell can use a different mechanism to suppress the immune system attack and
increase tumor progression all over the body [148]. There are several pathways in which
cancer cells can affect the immune system. The two major ways are affecting regulatory
cells such as Myeloid-derived suppressor cells [149] or affecting certain pathways such as
programmed cell death protein (PD) and programmed cell death ligand (PD-L) related
pathways [150].

3.11.1. Myeloid-Derived Suppressor Cells (MDSCs)

Myeloid-derived suppressor cells (MDSCs) are composed of a large and heterogenous
group of immature myeloid cell in various transcriptional and differential states. Pathologi-
cal condition induce the expansion of these myeloid leukocytes to eliminate threats. MDSCs
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can be divided into two main groups: polymorphonuclear (PMN-MDSC) and monocytic
(M-MDSC). The identification of MDSCs cells in human is based on the presence of myeloid
markers and the two main groups of can be identified as Lin HLA-DR~/°CD33* or
Lin"HLA-DR~/!°CD11b*CD14~CD15*CD33* for PMN-MDSCs and CD14*HLA-DR"¢8/1°
or Lin"HLA-DR"8/1°CD11b*CD14*CD15~ for M-MDSCs [151]. They have a critical role
in tumor progression by suppressing anti-tumor immunity. Mostly, these cells are in periph-
eral lymphoid organs, and these cells defeat the T cell in a non-specific way. They are the
main tumor-favoring and immune suppressor cells that promote tumor metastasis [152].
In the murine breast cancer model, EGCG amended immunosuppression by meaningfully
diminishing the accumulation of MDSCs and enhancing the proportions of CD4+ and CD8+
T cells in spleen and tumor sites in 4T1 breast tumor in vivo [153].

3.11.2. Programmed Cell Death Protein (PD) and Programmed Cell Death Ligand (PD-L)

Tumor cells have a complex network of relationships with multiple surrounding com-
ponents called the tumor microenvironment (TME), which always enhances tumorigenesis
and progression. Programmed cell death protein 1(PD-1) and programmed cell death
ligand 1 (PD-L-1) are very important immune-negative regulatory compounds in the tumor
microenvironment, and the PD-1/PD-L1 pathway was found to be a key player for tumor
immune evasion [154].

PD-1 (CD28 family receptor, CD279) is from immunoglobulin superfamily type I
transmembrane glycoprotein [155]. As a co-inhibitory receptor, PD-1 is expressed on
activated T cells and has two ligands: PD-L1 (B7-H1 or CD274) and PD-L2 (CD273) [156].
Like PD-1, PD-L1 is also from the immunoglobulin superfamily (type I transmembrane
protein) and can be expressed in hematopoietic and non-hematopoietic normal tissue
cells [157]. Also, PD-L1 expression can be upregulated in many other cell types in response
to inflammatory cytokines and other stimuli [158].

PD-1 and PD-L1 are very important for maintaining immune homeostasis and play a
major role in T cell co-stimulation and co-inhibition [159]. Under normal physiological con-
ditions, the PD-1/PD-L1 axis saves a balance between tolerance and autoimmunity [160].
Immune activation (e.g., inflammation) leads to the upregulation of multiple immune
borders on the T cell surface to reduce the overactivation of immune cells, preserve im-
mune homeostasis, and prevent autoimmune diseases [161]. In patients with chronic
inflammation or cancer, PD-1 is a key player in the induction of T cell failure [162].

Using antibodies targeting the PD-1/PD-L1 pathway is one of the special techniques
for targeting many cancers such as melanoma, lung, breast, liver, colorectal, lymphoma,
head and neck, cervical, and gastric cancers [163]. In addition to other tumors expressing
high levels of activated tumor-specific T [164].

EGCG was tested to inhibit cancer by targeting immune checkpoints. The results
showed an inhibition of melanoma cells through targeting JAK-STAT signaling and in-
hibiting IFN-y-induced PD-L1 and PD-L2 expression [165]. Moreover, EGCG inhibited
PD-L1 expression in non-small-cell lung cancer cells [166]. PD-L1 inhibition through EGCG
treatment was also reported as a method enhances anti-tumor immunity [167].

In Table 1, there is a summary for all studies that reported the effect of EGCG in
different cancer hallmarks and the outcomes for these studies.
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Table 1. Experimental design of EGCG in different cancer hallmarks and the outcomes of these

studies.
Cancer Concentration Experimental o
Hallmark Used Type of Cells Model Outcomes of the Combination Reference
Colon EGCG exhibits different genetic and
5-40 pg/mL . in vitro cytological effects on colon [49]
adenocarcinoma
cancer cells.
Telomeric modulation in cancer vs.
. primary cells and specific
Genor‘n.lc 20 and 200 uM Colorec.tal in vitro antioxidant activity of EGCG against [50]
Instability adenocarcinoma L o S
oxidative damage to lipids in
abnormal cells.
Lu?‘g flbroblasts, Protection against UV-induced DNA
skin fibroblasts, . .
250 uM . in vitro damage in human cell cultures and [51]
and epidermal .
- human peripheral blood samples.
keratinocytes
EGCG suppressed the proliferation
Inducing .. of human MCEF-7 breast cancer cells
Apoptosis 30 wmol /L Breast cancer mn vitro and promoted apoptosis through the [58]
P53/Bcl-2 signaling pathway.
EGCG induces apoptosis of gastric
. .. cancer SGC7901 cells via
80 png/mL Gastric cancer in vitro down-regulating HIF-1o and VEGF [59]
under a hypoxic state.
EGCG could inhibit the growth of
Nasopharyngeal I nasopharyngeal cancer cells through
40 uM cancer i vitro the inhibition of the SIRT1-p53 [60]
signaling pathway:.
EGCG was able to inhibit
proliferation and induce apoptosis in
pancreatic cancer cells via PTEN,
40 pg/mL Pancreatic cancer in vitro with the loss of PTEN reducing the [61]
ability of EGCG to inhibit
proliferation and promote apoptosis
in pancreatic cancer cells.
EGCG directly suppresses
50 and 100 Mm o .Phosphofructokl.nase acthlty and
Hepatocellular in vitro induces apoptosis by promoting a
10mg/kg/BW/ . . . . . [62]
day) carcinoma in vivo metabolic shift away from glycolysis
y in aerobic glycolytic hepatocellular
carcinoma (HCC) cells.
EGCG and epicatechin induced an
inhibitory effect on the enzyme
expression and activity of the de
0.5 mM Hepatgcellular in vitro novo .11pogenes1s (DNL) pa.athway, [63]
carcinoma which leads to the prominent

activity of carnitine palmitoyl
transferase-1 (CPT-1) mediating
apoptosis in HepG2 cells.
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Table 1.

Cont.

Cancer
Hallmark

Concentration
Used

Type of Cells

Experimental

Model Outcomes of the Combination

Reference

Caspase-
independent
apoptosis

200 uM

Laryngeal
epidermoid
carcinoma

P53-mediated mitochondrial
pathway and the nuclear
translocation of AIF and EndoG play
a crucial role in EGCG-induced
apoptosis of human laryngeal
epidermoid carcinoma Hep2 cells,
which proceeds through a
caspase-independent pathway.

in vitro

[64]

Tumorigenesis
and carcinogen
activity
suppression

1 mg/mL

Lung cancer

EGCG inhibits cisplatin-induced
weight loss and lung tumorigenesis
in A/] mice

in vivo

[66]

0.1%

Liver cancer

EGCG prevents obesity-related liver
tumorigenesis by inhibiting the
IGF/IGF-1R axis.

in vivo

Sustained
Proliferative
Signaling

(0,5, 10,
20, 40 and
80 pg/mL)

10, 30
or 50 mg/kg

Ovarian cancer

The involvement of
PTEN/AKT/mTOR signaling
pathway in the anti-ovarian cancer
effects of EGCG in vitro and in vivo.

in vitro
in vivo

40 pg/mL

Pancreatic cancer

Inhibit proliferation and induce
apoptosis in PC cells via PTEN.
EGCG can downregulate the
expression levels of p-Akt and
p-mTOR to regulate the
PI3K/Akt/mTOR pathway via
PTEN.

in vitro

5-20 UM
20 mg/kg

Multiple
myeloma

EGCG induces lipid-raft clustering
and apoptotic cell death by
activating protein kinase Cb and
acid sphingomyelinase through a 67
kDa laminin receptor.

in vitro
in vivo

160 uM
20 mg/kg

Lung cancer

EGCG inhibits cell proliferation and
migration and induces apoptosis in
Ab549 and H1299 cells.

EGCG inhibits lung cancer cell
proliferation by suppressing NF-xB
signaling.

in vitro
in vivo

1,5, and 20 uM

Ovarian cancer

Dietary factors EGCG and
sulforaphane altered
c-Myb-mediated ovarian cancer
progression and chemoresistance.

in vitro

1.34 mL of green

tea extract

Prostate cancer

Longstanding exercise training
linked with the consumption of
green tea extract may decrease levels
of NF-kB and p53 in rats with
prostate cancer.

in vivo

[89]
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Table 1.

Cont.

Cancer
Hallmark

Concentration
Used

Type of Cells

Experimental
Model

Outcomes of the Combination

Reference

Evasion of
Anti-Growth
Signaling

100 mM of EGC

Adenocarcinoma

in vitro

EGC caused a dose-dependent
accumulation of cells in the G1
phase and a decrease in the
phosphorylation of the
retinoblastoma (Rb) protein, which
was also in a cellular
thiol-dependent manner.

[100]

40 and 80 uM

Prostate cancer

in vitro

EGCG activates growth arrest and
apoptosis primarily via a
p53-dependent pathway that
involves the function of both p21
and Bax.

[101]

30 uM
125 mg/kg

Head and neck
and lung cancer

in vitro
in vivo

A combination of EGCG and
luteolin Significantly inhibits Ki-67
expression and boosts
TUNEL-positive cells in xenografted
tissues.

A combination of EGCG and luteolin
induced mitochondria-dependent
apoptosis in some cell lines and
mitochondria-independent
apoptosis in others.

More efficient stabilization and
ATM-dependent Ser15
phosphorylation of p53 due to DNA
damage by the combination.
Ablation of p53 using shRNA
strongly inhibited apoptosis as
evidenced by decreased poly
(ADP-ribose) polymerase and
caspase-3 cleavage.
Mitochondrial translocation of p53.

[168]

30uM
15, 30, and 45 uM

Gastric cancer

in vitro
in vivo

EGCG suppressed gastric cancer cell
proliferation and demonstrated that
this inhibitory effect is related to
canonical Wnt/ 3-catenin signaling.

[102]

Replicative
Immortality

20 and 200 uM

Colorectal
adenocarcinoma

in vitro

EGCG induced telomere shortening
and decreased telomerase activity in
Caco-2 cells.

1,5, and
10 pug/mL

Glioblastoma

in vitro

EGCG has the potential to stop the
growth of U251 cells due to
telomerase inhibition. The effect
mainly was on cancerous cells and
not normal ones.

[106]

80 uM

Breast cancer

in vitro

EGCG significantly diminished 0.8,
0.4, and 0.3 gene expression
of hTERT.

[110]

Tumor
Dysregulated
Metabolism

20-100 uM
10 mg/kg

Pancreatic cancer

in vitro
in vivo

EGCG and gemcitabine combination
reduced pancreatic cancer cell
growth by suppressing glycolysis.

[113]
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Table 1. Cont.
Cancer Concentration Experimental s
Hallmark Used Type of Cells Model Outcomes of the Combination Reference
EGCG treatment of
cancer-associated fibroblasts
25,50, or 100 1 Colorectal cancer in vitro overcomes their tumor-promoting [112]
abilities by stopping their glycolytic
activity.
EGCG may alert radio resistance by
25,50, 100, and Nasopharvneeal in vitro reducing fatty acid synthase and
150 pug/mL pharyng S work as a radiosensitizer for better [115]
carcinoma in vivo
30 ug/kg treatment of nasopharyngeal
carcinoma.
Significantly blocked fatty acid
10-140 uM Breast cancer in vitro synthase activity in triple-negative [116]
breast cancer.
EGCG suppressed cell growth under
0,25, 50 and Hepatocellular in vitro low glucose conditions. [119]
100 uM carcinoma EGCG inhibited glutamate
dehydrogenase 1.
EGCG mediated ROS to regulate
30 uM and Non-small-cell in vitro copper transporter 1 expression
40 uM lune cancer in vivo through the ERK1/2/ nuclear [122]
20 mg/kg & paraspeckle assembly transcript 1
(NEAT1) signaling pathway.
Low-dose EGCG enhanced
Lun Doxorubicin toxicity and revealed
0.5uM & in vitro oxidative damage-mediated [123]
adenocarcinoma . . . .
antineoplastic efficacy by reorienting
the redox signaling in A549 cells.
Macrophage-like, Oolong tea ethanol extract and
Tumor— 10 uM and Abelson leukemia in vitro EGCG decreased the assembly of [128]
Inflammation 50 uM virus-transformed NO, COX-2,IL-6, IL-1p, and TNF-«
cell line in active macrophages.
10, 25, 50, Prostate cancer in vitro EGCG selectively inhibits COX-2 [129]
or 100 uM Y :
EGCG reduced the secretion of
Angiosenesis Endometrial VEGFA from cancerous cells and
inghik;gi tion 20, 40, and 60 uM cancer in vivo also reduced tumor-associated [137]
macrophage-secreted VEGFA in
endometrial cancer.
EGCG along with sunitinib
50 umol /L Lung cancer in vitro simultaneously inhibits the [138]
50 mg/kg Breast cancer in vivo VEGFR2/ mTOR/VEGF signaling
cascade.
EGCG inhibited VEGF secretion and
. expression, and its up-stream signal
20uM Gastric cancer n Vl.tI'O regulator; it also down-regulated the [139]
25 mg/kg in vivo

transcription of factor activator
protein 2A (TFAP2A).
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Table 1.

Cont.

Cancer
Hallmark

Concentration
Used

Type of Cells

Experimental
Model

Outcomes of the Combination

Reference

30 pg/mL

Hepatocellular
carcinoma

in vitro

EGCQG inhibited tumor growth and
angiogenesis by the intervention of
MAPK/ERK1/2 and
PI3K/AKT/HIF-1/ VEGF
pathways.

[71]

20 pg/mL,
60 ug/mL, and
100 pg/mL

Gastric cancer

in vitro

With the increasing EGCG
concentration, the expressions of
HIF-1x and VEGF proteins were

suppressed in hypoxic conditions.

25,50, 100 mg/L

Breast cancer

in vitro

Protein expression of HIF-1oc and
VEGEF declined in a dose-dependent
manner in MCF-7 cells pretreated
with increasing concentrations
of EGCG.

[134]

0.01 and 0.1%

Colorectal cancer

in vivo

Restraining the activation of the
VEGF/VEGER axis by suppressing
the expression of HIF-1 in the
xenograft model.

[135]

30 pg/mL

Neck and breast

in vitro

Lowering VEGF by inhibiting
EGFR-related pathways of signal
transduction.

[136]

Tissue Invasion
and Metastasis

15, 30, 60 uM

Colorectal cancer

in vitro

ECG and EGCG dimers restrained
colorectal cancer cell
invasion/metastasis, by
downregulating MMP-2 and MMP-9
expression via a
NOX1/EGFR-dependent
mechanism, and through a direct
inhibitory effect on MMPs enzyme
activity.

[143]

1uM

Hypopharyngeal

carcinoma

in vitro

EGCG inhibited HGF, MMP-9, and
urokinase-type plasminogen
activator activities, and also

inhibited Akt and Erk pathway.

[144]

20, 40, and 60 uM

60 mg/kg

Pancreatic cancer

in vitro
in vivo

EGCG slowed circulating
endothelial growth factor receptor 2
(VEGF-R2).

EGCG reduced ERK activity and
enhanced p38 and JNK activities.
EGCG prevented pancreatic cancer
growth, invasion, metastasis, and
angiogenesis.

[145]

2.5,5,10, 20, and

40 uM

Lung cancer

in vitro

EGCG suppresses the invasion
ability of CL1-5 cells.
EGCG induced G2/M arrest at
higher doses (30, 40, and 50 uM).

[146]

50 pg/mL

Tamoxifen-
resistant breast
cancer

in vitro

EGCG prevented MCF-7
tamoxifen-resistant cells growth and
in vitro invasion via
down-regulation of EGFR and other
molecules associated with
aggressive biological behavior.

[147]
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Table 1. Cont.

Cancer
Hallmark

Concentration Experimental

Used

Type of Cells Outcomes of the Combination Reference

Model

Evading immune
system

50-350 ug

50 pg/mL,
500 pg/mL, Breast cancer

1000 g/

/mL

in vitro EGCG reduced the production of

in vivo related cytokines in MDSCs. [153]

mlL,

and 2000 pg/mL

10 uM in vitro
50 mg/kg in vivo

EGCG improves anti-tumor immune
responses by reducing JAK-STAT
Melanoma signaling in melanoma. [165]
EGCG targeted the
PD-L1/PD-L2-PD-1 axis.

10 and 50 pM EGCG partially restores T cell

0.85 g/L of

catechins

activity by inhibiting PD-L1/PD-1

signaling, resulting in the inhibition [166]

(14% Lung cancer in vitro

EGCG) of lung cancer growth.

References

4. Conclusions

Cancer continues to be a leading cause of mortality and morbidity worldwide despite
significant recent advancements. Anticancer medications are successful in treating cancer,
but they can have negative side effects, such as alterations in physiological and biochem-
ical processes, exhaustion, hair loss, infection, nausea, and vomiting. The evaluation of
numerous biological compounds and natural products has been demonstrated to have
a key role in the prevention and suppression of cancer. The most prevalent catechin in
tea, epigallocatechin-3-gallate, and its significance in health care and illness prevention
have been documented. Many experimental and clinical research studies have noted that
EGCG has anticancer properties. It can be used either alone or in conjunction with other
treatments to accomplish its inhibitory effects. EGCG is a key physiological anticancer drug
due to its role in triggering multiple anticancer processes in many cancer hallmarks. To
consider EGCG as a routine therapeutic option to treat various malignancies, more clinical
studies are required.
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