Chin J Integr Med 1.

Available online at link.springer.com/journal/11655
(R Lo TN g o1 Tl (9] (Yo [ LA/ (=Te [Te2 13 T=]) Joumnal homepage: www.cjim.cn/zxyjhen/zxyjhen/ch/index.aspx

E-mail: cjim_en@cjim.cn

Herbal and Botanical Review

Potential Benefits of Green Tea in Prostate Cancer
Prevention and Treatment: A Comprehensive Review

LIU Gui-hong', YAO Ze-qin', CHEN Guo-giang', LI Ya-lang?, and LIANG Bing'

ABSTRACT Prostate cancer is a prevalent and debilitating disease that necessitates effective prevention
and treatment strategies. Green tea, a well-known beverage derived from the Camellia sinensis plant, contains
bioactive compounds with potential health benefits, including catechins and polyphenols. This comprehensive
review aims to explore the potential benefits of green tea in prostate cancer prevention and treatment by
examining existing literature. Green tea possesses antioxidant, anti-inflammatory, and anti-carcinogenic
properties attributed to its catechins, particularly epigallocatechin gallate. Epidemiological studies have reported
an inverse association between green tea consumption and prostate cancer risk, with potential protection
against aggressive forms of the disease. Laboratory studies demonstrate that green tea components inhibit
tumor growth, induce apoptosis, and modulate signaling pathways critical to prostate cancer development
and progression. Clinical trials and human studies further support the potential benefits of green tea. Green
tea consumption has been found to be associated with a reduction in prostate-specific antigen levels, tumor
markers, and played a potential role in slowing disease progression. However, challenges remain, including
optimal dosage determination, formulation standardization, and conducting large-scale, long-term clinical trials.
The review suggests future research should focus on combinatorial approaches with conventional therapies and
personalized medicine strategies to identify patient subgroups most likely to benefit from green tea interventions.
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Prostate cancer is one of the most common
types of cancer among men worldwide.” The impact
of prostate cancer extends beyond its prevalence, as
it can significantly affect the quality of life of affected
individuals and their families.”” Prostate cancer is
characterized by a range of symptoms, including
urinary problems, sexual dysfunction, and, in advanced
stages, bone pain and other systemic manifestations.®
Given the considerable impact of prostate cancer, there
is an urgent need for effective prevention and treatment
strategies.” Early detection through regular screening
and timely intervention can greatly improve outcomes
for patients.®® Additionally, advancements in treatment
options have led to better management of localized
and advanced prostate cancer, including surgery,
radiation therapy, hormonal therapy, chemotherapy,
and emerging targeted therapies.”

However, despite these advancements, challenges
remain in preventing and effectively treating prostate
cancer. Not all cases are detected early, and some
may become resistant to conventional therapies."*"?
Nowadays, there is a growing interest in complementary

and alternative medicine for managing a wide variety of
diseases."" In particular, there is a significant effort to
explore complementary approaches that can enhance
existing treatment strategies or provide alternative
options for prevention and management.">"”

Green tea, derived from the Camellia sinensis
plant, has been widely studied for its bioactive
compounds with potential health benefits."®'¥ These
compounds, such as catechins and polyphenols,
have shown promising effects in laboratory and
preclinical studies, suggesting their potential role in
inhibiting tumor growth, inducing cancer cell death,
and modulating various cellular processes involved in
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prostate cancer development and progression.®?

The aim of this comprehensive review is to
explore the potential benefits of green tea in prostate
cancer prevention and treatment. By examining the
existing literature, we aim to summarize the current
knowledge regarding the effects of green tea and its
bioactive components on prostate cancer.

Green Tea and Prostate Cancer: An Overview

Green tea is a popular beverage originating from
the leaves of the Camellia sinensis plant.?® It has
been consumed for centuries in many Asian countries
and has gained attention globally for its potential
health benefits.®**® Green tea undergoes minimal
oxidation during its production, which helps to preserve
its natural compounds and unique properties.®**”
Green tea contains various bioactive components,
including polyphenols, catechins, flavonoids, and
alkaloids.”**® Among these, the most abundant and
well-studied bioactive compounds are epicatechin (EC),
epicatechin gallate (ECG), epigallocatechin (EGC),
and epigallocatechin gallate (EGCG).?***” EGCG, in
particular, has been extensively investigated for its
potential health-promoting properties, including its
anticancer effects.®"*

Epidemiological studies have explored the
relationship between green tea consumption and
prostate cancer incidence, progression, and overall risk
reduction.®**¥ However, findings have been somewhat
mixed, several studies suggest a potential protective
effect of green tea against prostate cancer.***® Some
population-based studies have observed an inverse
association between green tea consumption and the
risk of developing prostate cancer.®**® These studies
have indicated that individuals who regularly consume
green tea may have a lower incidence of prostate
cancer compared to those who consume it less
frequently or not at all. Furthermore, there is evidence
suggesting that green tea may play a role in reducing
the risk of advanced or aggressive forms of prostate
cancer.®”*® Some studies have reported associations
between green tea consumption and decreased
risk of advanced prostate cancer or slower disease
progression.®**? However, additional research is
needed to confirm and further elucidate these findings.

The potential mechanisms by which green
tea may exert protective effects against prostate
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cancer are still under investigation. The bioactive
components of green tea, especially EGCG, have
been shown to possess antioxidant, anti-inflammatory,
and anti-carcinogenic properties. They can modulate
signaling pathways involved in cell growth, apoptosis,
angiogenesis, and metastasis, which are crucial in
prostate cancer development and progression.“"*?

Anticancer Properties of Green Tea

Green tea contains a range of bioactive components
that contribute to its potential health benefits.*” The most
abundant and well-studied bioactive compounds in green
tea are catechins, a type of flavonoid.“**® The major
catechins found in green tea include EC, ECG, EGC,
and EGCG.®**® Among these, EGCG is considered the
most potent and extensively studied. It is estimated that
EGCG accounts for about 50%—75% of the total catechin
content in green tea.“” These catechins possess strong
antioxidant activity, which helps to protect cells from
oxidative damage caused by free radicals.“®’ Additionally,
they have been shown to have anti-inflammatory,
antimicrobial, and anticancer properties.“®

Antioxidant Properties

Green tea is rich in polyphenols, particularly
catechins, which possess potent antioxidant properties.*”
These antioxidants help neutralize harmful free radicals in
the body, which can cause DNA damage and contribute
to the development and progression of cancer, including
prostate cancer. By reducing oxidative stress and DNA
damage, green tea's antioxidants may help protect
against prostate cancer.®”

Anti-inflammatory Effects

Chronic inflammation has been implicated in
various stages of cancer development, including
prostate cancer.®® Green tea and its bioactive
components have demonstrated anti-inflammatory
effects by inhibiting pro-inflammatory cytokines,
enzymes, and signaling pathways. By modulating
inflammation, green tea may help suppress the growth
and progression of prostate cancer cells.***

Antiangiogenic Activity

Angiogenesis is crucial for tumor growth and
metastasis.®® Green tea polyphenols, particularly
EGCG, have shown antiangiogenic properties by
inhibiting the production of vascular endothelial growth
factor (VEGF) and other factors involved in blood
vessel formation.”>*® By inhibiting angiogenesis,
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green tea may help limit the blood supply to prostate
tumors, thus impeding their growth and spread.®”

Modulation of Cell Signaling Pathways

Green tea and its bioactive components can
interfere with several signaling pathways involved
in cancer cell growth and survival.®® For instance,
EGCG has been shown to inhibit the activation of
nuclear factor-kappa B (NF- « B), a transcription factor
involved in inflammation and cell proliferation.®”
Additionally, green tea compounds can influence
other pathways, such as PI3K/AKT, Mitogen-activated
protein kinase (MAPK), and Wnt/ 3 -catenin, which
play roles in prostate cancer development and
progression.®*®” MAPK pathway plays a vital role in
cell proliferation and survival. Green tea polyphenols
can modulate this pathway, controlling the aberrant
cell growth in prostate cancer.®® Dysregulation of
the Wnt/ 3 -catenin pathway is common in cancers,
including prostate cancer. Green tea compounds
can interfere with this pathway, potentially preventing
uncontrolled cell division and tumor formation. NF-« B
is a transcription factor involved in inflammation and cell
proliferation.®® EGCG has been shown to inhibit NF- k B
activation, curb the inflammatory responses and
unchecked cell growth in prostate cancer.®*®

Induction of Apoptosis and Cell Cycle Arrest

Apoptosis, or programmed cell death, is a crucial
mechanism for eliminating damaged or cancerous
cells.®” Green tea polyphenols have been found to
induce apoptosis and cell cycle arrest in prostate
cancer cells by regulating key molecules involved in
these processes.”” This can help prevent uncontrolled
cell growth and the formation of tumors.

Mitochondrial Dysfunction and Caspase Activation
Tea polyphenols, especially EGCG, induce
mitochondrial dysfunction in prostate cancer cells.®
This disruption of the mitochondria, the powerhouse
of the cell, hampers energy production and triggers
apoptotic pathways, leading to cell death.®® EGCG
activates various caspases, including caspase-3
and -9.7% Caspases are key enzymes in apoptosis,
orchestrating the dismantling of cellular components
and ensuring the orderly demise of cancerous cells.””

Inhibition of Survival Pathways and Antiinvasive
Effects
By inhibiting NF- k B pathway, tea polyphenols

inhibit the survival signals, curbing the uncontrolled
growth of prostate cancer cells.®*”” EGCG impedes
the invasion of prostate cancer cells by downregulating
matrix metalloproteinases (MMPs),”® which facilitate
the breakdown of extracellular matrix, a crucial step in
cancer cell invasion and metastasis.”” By suppressing
MMPs, tea polyphenols mitigate the invasive potential
of prostate cancer cells.”™

Modulation of miRNA Expression and Epigenetic
Alterations

Tea polyphenols, particularly EGCG, modify
miRNA expression profiles.”® Altered miRNA
expression can influence cancer-related pathways
as a potential therapeutic target.”"® EGCG has the
ability to reverse epigenetic alterations, including DNA
methylation and histone modifications.”” Restoring
normal epigenetic patterns can reinstate the control
over gene expression, hinder the aberrant growth of
prostate cancer cells.”®

The combined effects of green tea's antioxidant,
anti-inflammatory, antiangiogenic properties, and its
ability to modulate key signaling pathways contribute to
its potential anticancer effects, including its relevance
to prostate cancer prevention and treatment.”®
Table 1 summarizes mechanisms of action of green
tea in prostate cancer.

Green Tea and Prostate Cancer Prevention

Several review studies have synthesized the
available evidence regarding the potential role
of green tea in prostate cancer prevention and
progression. A systematic review and meta-analysis
by Guo, et al® found that green tea consumption
was associated with a reduced risk of developing
prostate cancer. The study reported a significant
inverse association between green tea intake and
prostate cancer incidence, particularly for advanced or
aggressive forms of the disease.

In vivo and in vitro studies have provided
insights into the mechanisms underlying the potential
anticancer effects of green tea in prostate cancer. In
terms of tumor growth inhibition, a study by Khan,
et al® investigated the effects of EGCG on the growth
of human prostate cancer cells implanted in mice. They
observed a significant reduction in tumor volume and
weight in the EGCG-treated group compared to the
control group. This effect was attributed to the inhibition
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Table 1. Mechanisms of Action of
Green Tea in Prostate Cancer
Mechanism Details
Antioxidant Green tea's polyphenols, especially EGCG,
properties neutralize harmful free radicals, reducing

oxidative stress and DNA damage

Anti-inflammatory  Inhibits pro-inflammatory cytokines, enzymes,
effects and pathways, modulating inflammation and
suppressing cancer cell growth

Antiangiogenic Inhibits angiogenesis by reducing production
activity of VEGF and other pro-angiogenic factors,
limiting blood supply to tumors, hindering
tumor growth and metastasis

Modulation of Interferes with pathways like NF- k B, PI3K/

cell Signaling AKT, MAPK, and Wnt/ 3 -catenin, which
pathways are crucial in cancer development, inhibiting
proliferation and promoting apoptosis
Induction of Green tea polyphenols induce apoptosis and
apoptosis and arrest cell cycle in prostate cancer cells,
cell cycle arrest preventing uncontrolled growth and tumor
formation
Epigenetic Influences DNA methylation and histone
regulation acetylation, affecting gene expression,
potentially preventing or slowing down
prostate cancer progression
Inhibition of EGCG inhibits the PIBK/AKT pathway, vital
PISK/AKT for cell survival and growth, suppressing
pathway proliferation and survival of prostate cancer

cells

Modulation of AR Interferes with AR signaling, either by
signaling suppressing AR expression or inhibiting its
activity, impacting the growth of prostate
cancer cells

Oxidative stress
and antioxidant
defense

Counters oxidative stress, supporting cellular
homeostasis and inhibiting cancer
progression

Synergistic effects Enhances efficacy of chemotherapy and
with other radiation therapy, potentially overcoming drug
treatments resistance and promoting cancer cell death

Notes: EGCG: epigallocatechin gallate; VEGF: vascular
endothelial growth factor; MAPK: mitogen-activated protein
kinase; AR: androgen receptor

of cell proliferation and the promotion of apoptosis.

Regarding apoptosis induction, studies have
shown that green tea catechins can modulate various
signaling pathways involved in cell death. Siddiqui,
et al®” demonstrated that EGCG can induce apoptosis
in prostate cancer cells by activating the caspase
cascade, which plays a crucial role in the apoptotic
process. The regulation of the cell cycle by green
tea components has also been investigated. Gupta,
et al® demonstrated that EGCG can arrest prostate
cancer cells at the Gy/G; phase by downregulating cyclin-
dependent kinases (CDKs) and cyclins, key regulators
of the cell cycle progression. A study by Deb, et al®
demonstrated that EGCG can inhibit the migration
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and invasion of prostate cancer cells by suppressing
the expression of MMPs, enzymes involved in the
breakdown of extracellular matrix during metastasis.

Green Tea and Prostate Cancer Treatment

Studies have explored the potential therapeutic
benefits of green tea in the treatment of prostate
cancer, with a focus on its impact on key factors
such as prostate cancer cell proliferation, apoptosis
induction, and sensitization to conventional treatments
like chemotherapy or radiation therapy.

Impact on Prostate Cancer Cell Proliferation

Green tea and its bioactive components
have been investigated for their ability to inhibit
prostate cancer cell proliferation.®® In a study by
Thangapazham, et al,®® treatment with EGCG led to
a significant reduction in the growth of prostate cancer
cells in vitro. This suggests that green tea compounds
may slow down the progression of prostate cancer by
impeding the proliferation of cancer cells.

Induction of Apoptosis in Prostate Cancer Cells

One of the hallmarks of successful cancer
treatment is the induction of apoptosis, or programmed
cell death, in cancer cells. Green tea catechins,
particularly EGCG, have demonstrated the ability to
induce apoptosis in prostate cancer cells.®®*” These
findings suggest that green tea compounds may have a
direct cytotoxic effect on prostate cancer cells, promoting
their death and potentially inhibiting tumor growth.

Gupta, et al® investigated the mechanisms
of green tea polyphenols (GTP)-induced apoptosis
in human prostate cancer cells with or without
p53 suppression. GTP treatment activated distinct
pathways, including p53-dependent activation of
p21/waf1 and Bax, and Fas upregulation through
the c-jun-N-terminal kinase pathway. Both pathways
converged to induce mitochondrial dysfunction,
cytochrome C release, and caspase activation,
leading to cell death. GTP also inhibited the survival
pathway mediated by Akt, particularly in cells with
p53 suppression. Furthermore, GTP inhibited class 1
histone deacetylase protein, increased accessibility
of transcription factors to the promoters of p21/waf1
and Bax. These findings reveal specific molecular
mechanisms targeted by GTP, suggesting its potential
as a chemopreventive or therapeutic strategy for
prostate cancer, regardless of p53 status.
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Sensitization to Chemotherapy or Radiation Therapy

In addition to its direct effects on prostate cancer
cells, green tea has also shown promise in sensitizing
cancer cells to conventional treatments such as
chemotherapy or radiation therapy.®¥ For instance, a
study by Siddiqui, et al® demonstrated that EGCG
sensitized prostate cancer cells to the effects of radiation
therapy. The combination of EGCG and radiation therapy
resulted in enhanced cell death compared to radiation
therapy alone. Similarly, other studies have reported
synergistic effects between green tea components and
chemotherapy drugs, such as docetaxel or cisplatin,
leading to increased cancer cell death.®**" These
findings suggest that green tea may enhance the efficacy
of conventional treatments and potentially overcome drug
resistance in prostate cancer cells.

Clinical Evidence and Human Studies

Clinical trials and human studies investigating
the effects of green tea in prostate cancer prevention
and treatment have provided valuable insights into its
potential benefits.

In a randomized controlled trial (RCT) conducted
by Henning, et al,®” 97 male patients with prostate
cancer who were scheduled for radical prostatectomy
were assigned to receive either 6 cups of brewed
green tea or water daily for 3-8 weeks before surgery.
The study found that green tea consumption resulted
in a significant reduction in prostate-specific antigen
(PSA) levels and tumor markers, suggesting a
potential role in slowing disease progression.

Another study by Bettuzzi, et al®® evaluated
the effects of a green tea extract capsule in men with
high-grade prostate intraepithelial neoplasia (PIN), a
precursor to prostate cancer. The participants received
green tea extract or a placebo for 1 year. The study
found that green tea extract led to a reduction in the
incidence of prostate cancer in men with high-grade PIN.

A systematic review and meta-analysis by Guo,
et al®” examined 7 observational studies and 3 RCTs
and found that green tea consumption was associated
with a reduced risk of developing prostate cancer.
The results of this study demonstrated a dose-
response relationship between green tea intake and
the risk of prostate cancer. While the highest versus
lowest category comparison did not show statistical
significance, there was a trend of reduced prostate

cancer incidence with each 1 cup/day increase
of green tea. The dose-response meta-analysis
further revealed that higher green tea consumption,
specifically more than 7 cups/day, was linearly
associated with a decreased risk of prostate cancer.
Additionally, the study found that green tea catechins
were effective in preventing prostate cancer, with a
relative risk of 0.38. This study provides systematic
and quantitative evidence supporting the association
between green tea intake and prostate cancer risk,
emphasizing the potential benefits of higher green
tea consumption and the effectiveness of green tea
catechins in prostate cancer prevention.

Elham Sharifi-Zahabi, et al® in a systematic
review and meta-analysis of RCTs evaluated the
effects of green tea consumption on prostate-specific
antigen (PSA) levels. A total of 7 studies were included
in the meta-analysis. The overall analysis indicated
that green tea did not have a significant impact on
PSA levels (weighted mean difference: —0.60 ng/mL;
95% confidence interval: —1.32, 0.12 ng/mL; P=0.104).
However, subgroup analysis based on geographical
location showed that green tea significantly reduced
PSA levels in the USA population compared to non-
USA populations. The study concluded that green
tea consumption did not have a significant effect on
PSA levels overall, further consistent clinical trials
with larger sample sizes are needed to draw more
conclusive findings due to the heterogeneity among
the included studies.

Crucial Consideration: Dosage of Tea Polyphenols
in Cancer Prevention

Determining the appropriate dosage of tea
polyphenols is a pivotal factor in optimizing their
potential for cancer prevention. The relationship
between dosage and efficacy is multifaceted, which
could be influenced by various factors such as the type
of tea consumed, the concentration of polyphenols, and
individual differences in metabolism.

Optimal Dosage Range

Studies exploring the optimal dosage of tea
polyphenols have yielded valuable insights. It is
essential to strike a balance, ensuring a dosage that
is both safe and effective. For instance, a moderate
daily consumption of green tea, often ranging from 3
to 5 cups, has been associated with potential health
benefits, including cancer prevention.®® However,



higher dosages, typically exceeding 5 cups per day,
might be necessary to achieve notable effects in
cancer prevention.*®®

Bioavailability Challenges

The body's ability to absorb and utilize
polyphenols varies among individuals, and this
bioavailability significantly impacts the effective
dosage.” Factors such as gastrointestinal absorption,
metabolism, and excretion processes play a crucial
role. Research suggests that the bioavailability of tea
polyphenols can be enhanced by consuming tea with
certain foods or substances, thereby improving their
absorption in the body.®

While tea polyphenols offer potential health
benefits, excessive consumption may lead to adverse
effects. High doses, especially in supplement form,
might interact with medications or negatively impact
certain individuals. Hence, a cautious approach
is essential, and consultation with healthcare
professionals is advised, particularly for individuals
with existing health conditions or those on specific
medications.®*'%

Direct Absorption and Distribution of Tea
Polyphenols into Prostate Tissues: Current Insights

Research has indicated that tea polyphenols,
including EGCG and other catechins, can indeed be
absorbed and distributed into prostate tissues. Studies
conducted both in vitro and in vivo have demonstrated
the presence of these compounds in prostate cells
after oral consumption of green tea extracts.” This
suggests that tea polyphenols have the potential to
directly interact with prostate cells, influencing various
cellular processes.

The absorption of tea polyphenols involves
complex mechanisms within the gastrointestinal
tract. These compounds are absorbed through the
intestinal epithelial cells and enter the bloodstream,
allowing them to reach various organs and tissues,
including the prostate. Studies have explored the role
of specific transporters and carriers in facilitating the
absorption of tea polyphenols, shedding light on the
molecular processes involved."*"'® Upon absorption,
tea polyphenols are distributed throughout the body,
including prostate tissues. Research has shown that
these compounds can accumulate in the prostate
gland, potentially reaching concentrations that are
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biologically relevant for exerting their effects.®

Limitations and Challenges

While clinical trials and human studies provide
valuable evidence, there are several limitations and
challenges associated with translating preclinical
and epidemiological findings to clinical practice.
One challenge is the variability in the bioavailability
and metabolism of green tea components among
individuals. Factors such as the form of green
tea consumed, dosage, preparation method, and
genetic differences can influence the absorption
and effectiveness of the bioactive compounds.
Standardization of green tea products and dosages
remains a challenge in clinical research. Moreover, the
optimal dose and duration of green tea consumption
for prostate cancer prevention and treatment are
still not well-established. Clinical trials have used
different dosages and forms of green tea, making it
difficult to compare results and determine the most
effective regimen. Additionally, confounding factors
and limitations of observational studies can affect the
interpretation of epidemiological evidence. Factors such
as lifestyle, dietary patterns, and other health behaviors
can influence the observed associations between green
tea consumption and prostate cancer risk.

Furthermore, clinical trials evaluating the effects
of green tea face challenges such as small sample
sizes, short duration of treatment, and variations in
study design. Large-scale, long-term clinical trials with
standardized protocols are needed to provide more
robust evidence.

Potential Mechanisms and Future Directions

The effects of green tea on prostate cancer are
thought to involve various mechanisms, including
interactions with specific molecular targets and
modulation of signaling pathways.

Epigenetic Regulation

Green tea and its bioactive compounds, such
as EGCG, have been shown to influence epigenetic
modifications, including DNA methylation and histone
acetylation."” These modifications can affect gene
expression, including genes involved in prostate
cancer development and progression.

Epigenetic changes, including DNA methylation,
histone modifications, and miRNA regulation, play
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a significant role in prostate cancer. A previous
study suggests that green tea catechins, particularly
EGCG, have the potential to reverse these epigenetic
alterations and serve as a promising strategy for
cancer prevention and therapy.""” Evidence indicates
that EGCG can act as an epigenetic modulator and
modify miRNA expression, leading to the inhibition
of prostate carcinogenesis. Furthermore, the study
suggests that combining green tea catechins with
existing chemotherapeutic agents may enhance their
effects and reduce side effects.

Inhibition of PIBK/AKT Pathway

The PISK/AKT pathway is frequently dysregulated
in prostate cancer and plays a crucial role in cell
survival and growth."® Green tea catechins, particularly
EGCG, have been found to inhibit this pathway, thereby
suppress the proliferation and survival of prostate cancer
cells.””

Modulation of Androgen Receptor Signaling

The androgen receptor is a key player in
prostate cancer growth and progression.'® Green
tea compounds have been reported to interfere
with androgen receptor (AR) signaling, either by
suppressing AR expression or inhibiting its activity, thus
potentially impact the growth of prostate cancer cells."*®

Oxidative Stress and Antioxidant Defense

Green tea's antioxidant properties help
counteract oxidative stress, which is implicated
in prostate cancer development.”®” By reducing
oxidative damage and supporting antioxidant defense
mechanisms, green tea may help maintain cellular
homeostasis and inhibit cancer progression.'*

Anti-inflammatory Effects

Chronic inflammation has been associated with
prostate cancer development and progression.'%
Green tea's anti-inflammatory properties can modulate
inflammatory signaling pathways, such as NF-k B and
cyclooxygenase 2, potentially reduce inflammation-
driven cancer processes."”

While there has been significant research on green
tea and prostate cancer, there are several areas that
warrant further investigation. It is crucial to determin the
most effective dosage, formulation, and bioavailability
of green tea compounds for prostate cancer prevention
and treatment. Future studies should explore different

dosing regimens, standardized formulations, and
methods to enhance bioavailability. Conducting
well-designed clinical trials with larger sample sizes
and longer follow-up periods is necessary to validate
the therapeutic benefits of green tea in prostate cancer.
These trials can help determine the optimal treatment
protocols, assess long-term effects, and evaluate
potential interactions with other medications.

Investigating the potential synergistic effects of
green tea with other treatments, such as chemotherapy,
radiation therapy, or targeted therapies, is an area
of interest. Combinatorial approaches may enhance
treatment efficacy, reduce side effects, and overcome
drug resistance in prostate cancer.

It is important to explore the role of individual
genetic variations and biomarkers in determining the
response to green tea treatment. Personalized medicine
approaches can help identify patient subgroups that
may benefit the most from green tea interventions and
optimize treatment strategies. Further mechanistic
studies are needed to elucidate the specific molecular
targets and signaling pathways influenced by green
tea compounds. Understanding these mechanisms
will help refine therapeutic approaches and identify
potential novel targets for intervention.

Conclusions

This comprehensive review has highlighted
the potential benefits of green tea in prostate
cancer prevention and treatment. The findings from
epidemiological studies suggest an inverse association
between green tea consumption and prostate cancer
risk, particularly for advanced or aggressive forms
of the disease. Laboratory studies have elucidated
potential mechanisms, including the modulation of
molecular targets and signaling pathways, inhibition of
tumor growth, induction of apoptosis, and sensitization
to conventional treatments.

Though the evidence from clinical trials and
human studies is still evolving, initial findings
demonstrate promising results. Green tea consumption
has shown potential in reducing prostate-specific
antigen levels, inhibiting tumor markers, and impacting
disease progression. However, challenges remain,
such as determining optimal dosage, formulation, and
long-term effects, as well as standardizing protocols
for clinical trials.



Future research efforts should focus on well-
designed clinical trials with larger sample sizes and
longer follow-up periods to provide more robust
evidence. Combinatorial approaches, incorporating
green tea with conventional therapies or targeted
agents, hold promise in improving treatment efficacy
and overcoming drug resistance. Personalized medicine
approaches, considering individual genetic variations
and biomarkers, may help identify patient subgroups that
are most likely to benefit from green tea interventions.

In conclusion, green tea and its bioactive
components offer potential benefits in the prevention
and treatment of prostate cancer. While further
research is warranted to fully elucidate the optimal
use of green tea in clinical practice, the available
evidence suggests its role as a promising adjunctive
therapy. Understanding the underlying mechanisms,
conducting well-designed clinical trials, and exploring
combinatorial and personalized medicine approaches
will pave the way for the development of targeted and
effective strategies in prostate cancer management.

Conflict of Interest
None.

Author Contributions
Liu GH and Yao ZQ designed the work and extracted

the data. Chen GQ and Li YL analyzed the data. Liang B wrote
the first draft of the manuscript. All authors critically read and
approved the final version of the manuscript.

REFERENCE

1. Rawla P. Epidemiology of prostate cancer. World J Oncol
2019;10:63.

2. Eisemann N, Waldmann A, Rohde V, et al. Quality of life
in partners of patients with localised prostate cancer. Qual
Life Res 2014;23:1557-1568.

3. Tomaszewski EL, Moise P, Krupnick RN, et al. Symptoms
and impacts in non-metastatic castration-resistant prostate
cancer: qualitative study findings. Patient-Patient-Cent
Outcomes Res 2017;10:567-578.

4. Hawlina S, Zorec R, Chowdhury HH. Potential of
personalized dendritic cell-based immunohybridoma
vaccines to treat prostate cancer. Life 2023;13:1498.

5. Mazariego C, Juraskova I, Campbell R, et al. Long-term
unmet supportive care needs of prostate cancer survivors:
15-year follow-up from the NSW Prostate Cancer Care and
Outcomes Study. Support Care Cancer 2020;28:5511-5520.

6. Wei JT, Barocas D, Carlsson S, et al. Early detection of

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Chin J Integr Med

prostate cancer: AUA/SUO guideline part I : prostate
cancer screening. J Urol 2023;210:46-53.

Collins K, Cheng L. Morphologic spectrum of treatment-
related changes in prostate tissue and prostate cancer: an
updated review. Human Pathol 2022;127:56-66.

Sorrentino C, Di Carlo E. Molecular targeted therapies in
metastatic prostate cancer: recent advances and future
challenges. Cancers 2023;15:2885.

Padhani AR, Schoots IG. Imaging-based diagnostic and
therapeutic strategies for prostate cancer in the coming
decades. Radiology 2023;307:222990.

Che B, Zhang W, Xu S, et al. Prostate microbiota and
prostate cancer: a new trend in treatment. Front Oncol
2021;11:805459.

Nakamura K, Norihisa Y, lkeda I, et al. Ten-year outcomes
of whole-pelvic intensity-modulated radiation therapy for
prostate cancer with regional lymph node metastasis.
Cancer Med 2023;12:7859-7867.

Sekhoacha M, Riet K, Motloung P, et al. Prostate cancer
review: genetics, diagnosis, treatment options, and
alternative approaches. Molecules 2022;27:5730.

Vina ER, Youk AO, Quinones C, et al. Use of complementary
and alternative therapy for knee osteoarthritis: race and
gender variations. ACR Open Rheumatol 2021;3:660-667.
Hajimonfarednejad M, Ostovar M, Hasheminasab FS, et al.
Medicinal plants for viral respiratory diseases: a systematic
review on Persian medicine. Evid Based Complement
Alternat Med 2023;2023:1928310.

Jain A, Madu CO, Lu Y. Phytochemicals in chemoprevention:
a cost-effective complementary approach. J Cancer
2021;12:3686.

Gonzalez-Vallinas M, Gonzalez-Castejon M, Rodriguez-
Casado A, et al. Dietary phytochemicals in cancer
prevention and therapy: a complementary approach with
promising perspectives. Nutr Rev 2013;71:585-599.

Amini F, Namjooyan F, Zomorodian K, et al. The efficacy
of complementary treatment with marshmallow (Althaea
officinalis L.) on vulvovaginal candidiasis: a randomized
double-blinded controlled clinical trial. Explore (NY)
2023;19:813-819.

Saeed M, Naveed M, Arif M, Kakar MU, Manzoor R, Abd
El-Hack ME, et al. Green tea (Camellia sinensis) and
I-theanine: medicinal values and beneficial applications in
humans—a comprehensive review. Biomed Pharmacother
2017;95:1260-1275.

Brimson JM, Prasanth MI, Kumaree KK, et al. Tea plant
(Camellia sinensis): a current update on use in diabetes,
obesity, and cardiovascular disease. Nutrients 2022;15:37.
Singh BN, Shankar S, Srivastava RK. Green tea catechin,
epigallocatechin-3-gallate (EGCG): mechanisms,



Chin J Integr Med

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

perspectives and clinical applications. Biochem Pharmacol
2011;82:1807-1821.

Kotecha R, Takami A, Espinoza JL. Dietary phytochemicals
and cancer chemoprevention: a review of the clinical
evidence. Oncotarget 2016;7:52517.

Chen D, Wan SB, Yang H, et al. EGCG, green tea polyphenols
and their synthetic analogs and prodrugs for human cancer
prevention and treatment. Adv Clin Chem 2011;53:155.

Namita P, Mukesh R, Vijay KJ. Camellia sinensis (green
tea): a review. Glob J Pharmacol 2012;6:52-59.

Zaveri NT. Green tea and its polyphenolic catechins:
medicinal uses in cancer and noncancer applications. Life
Sci 2006;78:2073-2080.

Cooper R. Green tea and theanine: health benefits. Int J
Food Sci Nutr 2012;63(sup1):90-97.

Roychoudhury S, Agarwal A, Virk G, et al. Potential role
of green tea catechins in the management of oxidative
stress-associated infertility. Reproduct Biomed Online
2017;34:487-498.

Ahmed S, Stepp JR. Green tea: the plants, processing,
manufacturing and production. Tea Health Dis Prev 2013:19-31.
Zhou B, Wang Z, Yin P, et al. Impact of prolonged withering
on phenolic compounds and antioxidant capability in white
tea using LC-MS-based metabolomics and HPLC analysis:
comparison with green tea. Food Chem 2022;368:130855.
Jeszka-Skowron M, Zgola-GrzeSkowiak A, Frankowski R.
Cistus incanus a promising herbal tea rich in bioactive
compounds: LC-MS/MS determination of catechins,
flavonols, phenolic acids and alkaloids—a comparison with
Camellia sinensis, Rooibos and Hoan Ngoc herbal tea. J
Food Composit Anal 2018;74:71-81.

Du GJ, Zhang Z, Wen XD, et al. Epigallocatechin gallate
(EGCQG) is the most effective cancer chemopreventive
polyphenol in green tea. Nutrients 2012;4:1679-1691.

Chen D, Milacic V, Chen MS, et al. Tea polyphenols, their
biological effects and potential molecular targets. Histol
Histopathol 2008;23:487.

Mehmood S, Magsood M, Mahtab N, et al. Epigallocatechin
gallate: phytochemistry, bioavailability, utilization challenges,
and strategies. J Food Biochem 2022;46:€14189.

Zheng J, Yang B, Huang T, et al. Green tea and black
tea consumption and prostate cancer risk: an exploratory
meta-analysis of observational studies. Nutr Cancer
2011;63:663-672.

Jacob SA, Khan TM, Lee LH. The effect of green tea
consumption on prostate cancer risk and progression: a
systematic review. Nutr Cancer 2017;69:353-364.

Guo Y, Zhi F, Chen P, et al. Green tea and the risk of
prostate cancer: a systematic review and meta-analysis.
Medicine 2017;96:6426.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

9.

Lin YW, Hu ZH, Wang X, et al. Tea consumption and
prostate cancer: an updated meta-analysis. World J surg
Oncol 2014;12:1-7.

Miyata Y, Shida Y, Hakariya T, et al. Anti-cancer effects of
green tea polyphenols against prostate cancer. Molecules
2019;24:193.

Davalli P, Rizzi F, Caporali A, et al. Anticancer activity of
green tea polyphenols in prostate gland. Oxidat Med Cell
Longev 2012;2012:984219.

Lin PH, Aronson W, Freedland SJ. An update of research
evidence on nutrition and prostate cancer. Urol Oncol
2019;37:387-401.

Johnson JJ, Bailey H, Mukhtar H. Green tea polyphenols
for prostate cancer chemoprevention: a translational
perspective. Phytomedicine 2010;17:3-13.

Rahman |, Biswas SK, Kirkham PA. Regulation of
inflammation and redox signaling by dietary polyphenols.
Biochem Pharmacol 2006;72:1439-1452.

Ellis LZ, Liu W, Luo Y, et al. Green tea polyphenol
epigallocatechin-3-gallate suppresses melanoma growth
by inhibiting inflammasome and IL-1 8 secretion. Biochem
Biophys Res Communicat 2011;414:551-556.

Kochman J, Jakubczyk K, Antoniewicz J, et al. Health
benefits and chemical composition of matcha green tea: a
review. Molecules 2020;26:85.

Shi J, Yang G, You Q, et al. Updates on the chemistry,
processing characteristics, and utilization of tea flavonoids
in last two decades (2001-2021). Crit Rev Food Sci Nutr
2023;63:4757-4784.

Xu J, Wei Y, Huang Y, et al. Regulatory effects and molecular
mechanisms of tea and its active compounds on nonalcoholic
fatty liver disease. J Agricult Food Chem 2023;71:3103-3124.
Hodges JK, Sasaki GY, Bruno RS. Anti-inflammatory activities
of green tea catechins along the gut-liver axis in nonalcoholic
fatty liver disease: lessons learned from preclinical and human
studies. J Nutr Biochem 2020;85:108478.

Chow HHS, Hakim IA. Pharmacokinetic and chemoprevention
studies on tea in humans. Pharmacol Res 2011;64:105-112.
Zhu L, Chen J, Tan J, et al. Flavonoids from Agrimonia
pilosa Ledeb: free radical scavenging and DNA oxidative
damage protection activities and analysis of bioactivity-
structure relationship based on molecular and electronic
structures. Molecules 2017;22:195.

Natarajan SB, Chandran SP, Khan SH, et al. Versatile
health benefits of catechin from green tea (Camellia
sinensis). Curr Nutr Food Sci 2019;15:3-10.

Musial C, Kuban-Jankowska A, Gorska-Ponikowska M.
Beneficial properties of green tea catechins. Int J Mol Sci
2020;21:1744.

Pham-Huy LA, He H, Pham-Huy C. Free radicals, antioxidants



«10-

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

in disease and health. Int J Biomed Sci 2008;4:89.

Nguyen DP, Li J, Tewari AK. Inflammation and prostate cancer:
the role of interleukin 6 (IL-6). BJU Int 2014;113:986-992.

Butt MS, Sultan MT. Green tea: nature's defense against
malignancies. Crit Rev Food Sci Nutr 2009;49:463-473.
Lecumberri E, Dupertuis YM, Miralbell R, et al. Green tea
polyphenol epigallocatechin-3-gallate (EGCG) as adjuvant
in cancer therapy. Clin Nutr 2013;32:894-903.

Badodekar N, Sharma A, Patil V, et al. Angiogenesis
induction in breast cancer: a paracrine paradigm. Cell
Biochem Funct 2021;39:860-873.

Rashidi B, Malekzadeh M, Goodarzi M, et al. Green tea
and its anti-angiogenesis effects. Biomed Pharmacother
2017;89:949-956.

Henning SM, Wang P, Heber D. Chemopreventive effects
of tea in prostate cancer: green tea versus black tea. Mol
Nutr Food Res 2011;5:905-920.

Fan X, Xiao X, Mao X, et al. Tea bioactive components
prevent carcinogenesis via anti-pathogen, anti-inflammation,
and cell survival pathways. IUBMB Life 2021;73:328-340.
Suhail M, Rehan M, Tarique M, et al. Targeting a
transcription factor NF- k B by green tea catechins using in
silico and in vitro studies in pancreatic cancer. Front Nutr
2023;9:1078642.

Asgharian P, Tazekand AP, Hosseini K, et al. Potential
mechanisms of quercetin in cancer prevention: focus on
cellular and molecular targets. Cancer Cell Int 2022;22:257.
Gajos-Michniewicz A, Czyz M. Modulation of WNT/ 8 -catenin
pathway in melanoma by biologically active components
derived from plants. Fitoterapia 2016;109:283-292.

Rahmani AH, Allemailem KS, Aly SM, et al. Implications of
green tea and its constituents in the prevention of cancer
via the modulation of cell signalling pathway. BioMed Res
Int 2015;2015:925640.

Khan H, Ullah H, Castilho PCMF, et al. Targeting NF-k B
signaling pathway in cancer by dietary polyphenols. Crit
Rev Food Sci Nutr 2020;60:2790-800.

Feitelson MA, Arzumanyan A, Kulathinal RJ, et al. Sustained
proliferation in cancer: mechanisms and novel therapeutic
targets. Semin Cancer Biol 2015;35:525-S54.

Singh B, Singh HB, Singh A, et al. Dietary phytochemicals
alter epigenetic events and signaling pathways for inhibition
of metastasis cascade: phytoblockers of metastasis
cascade. Cancer Metast Rev 2014;33:41-85.

Pandey MK, Gupta SC, Nabavizadeh A, et al. Regulation of
cell signaling pathways by dietary agents for cancer prevention
and treatment. Semin Cancer Biol 2017;46:158-181.

Ouyang L, Shi Z, Zhao S, et al. Programmed cell death
pathways in cancer: a review of apoptosis, autophagy and
programmed necrosis. Cell Prolif 2012;45:487-498.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Chin J Integr Med

Bose S, Banerjee S, Mondal A, et al. Targeting the JAK/
STAT signaling pathway using phytocompounds for cancer
prevention and therapy. Cells 2020;9:1451.

Sarkar N, Das B, Bishayee A, et al. Arsenal of phytochemicals
to combat against arsenic-induced mitochondrial stress and
cancer. Antioxid Redox Signal 2020;33:1230-1256.

Das A, Banik NL, Ray SK. Flavonoids activated caspases for
apoptosis in human glioblastoma T98G and U87MG cells but
not in human normal astrocytes. Cancer 2010;116:164-176.
Legrand AJ, Konstantinou M, Goode EF, et al. The
diversification of cell death and immunity: memento mori.
Mol Cell 2019;76:232-242.

Mitra T, Bhattacharya R. Phytochemicals modulate cancer
aggressiveness: a review depicting the anticancer efficacy
of dietary polyphenols and their combinations. J Cell
Physiol 2020;235:7696-708.

Tanabe H, Suzuki T, Ohishi T, et al. Effects of
epigallocatechin-3-gallate on matrix metalloproteinases in
terms of its anticancer activity. Molecules 2023;28:525.
Anderson NM, Simon MC. The tumor microenvironment.
Curr Biol 2020;30:R921-R925.

Hao Q, Wu Y, Vadgama JV, et al. Phytochemicals in
inhibition of prostate cancer: evidence from molecular
mechanisms studies. Biomolecules 2022;12:1306.
Sousa-Filho CPB, Silva V, Bolin AP, et al. Green tea
actions on miRNAs expression—an update. Chem Biol
Interact 2023;378:110465.

Rajendran P, Abdelsalam SA, Renu K, et al. Polyphenols
as potent epigenetics agents for cancer. Int J Mol Sci
2022;23:11712.

Pop S, Enciu AM, Tarcomnicu |, et al. Phytochemicals in
cancer prevention: modulating epigenetic alterations of
DNA methylation. Phytochem Rev 2019;18:1005-1024.
Briguglio G, Costa C, Pollicino M, et al. Polyphenols in cancer
prevention: new insights (Review). Int J Funct Nutr 2020;1:9.
Khan N, Bharali DJ, Adhami VM, et al. Oral administration of
naturally occurring chitosan-based nanoformulated green tea
polyphenol EGCG effectively inhibits prostate cancer cell growth
in a xenograft model. Carcinogenesis 2014;35:415-423.
Siddiqui IA, Malik A, Adhami VM, et al. Green tea polyphenol
EGCG sensitizes human prostate carcinoma LNCaP cells
to TRAIL-mediated apoptosis and synergistically inhibits
biomarkers associated with angiogenesis and metastasis.
Oncogene 2008;27:2055-2063.

Gupta S, Hussain T, Mukhtar H. Molecular pathway for
(-)-epigallocatechin-3-gallate-induced cell cycle arrest
and apoptosis of human prostate carcinoma cells. Arch
Biochem Biophys 2003;410:177-185.

Deb G, Shankar E, Thakur VS, et al. Green tea-induced
epigenetic reactivation of tissue inhibitor of matrix



Chin J Integr Med

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

metalloproteinase-3 suppresses prostate cancer progression
through histone-modifying enzymes. Mol Carcinogen
2019;58:1194-1207.

Prema P, Boobalan T, Arun A, et al. Green tea extract
mediated biogenic synthesis of gold nanoparticles with
potent anti-proliferative effect against PC-3 human prostate
cancer cells. Mater Lett 2022;306:130882.

Thangapazham RL, Singh AK, Sharma A, et al. Green tea
polyphenols and its constituent epigallocatechin gallate
inhibits proliferation of human breast cancer cells in vitro
and in vivo. Cancer Lett 2007;245:232-241.

Huber LG. Green tea catechins and L-theanine in
integrative cancer care: a review of the research. Alternat
Complement Ther 2003;9:294-298.

Gupta S, Hastak K, Afaq F, et al. Essential role of caspases
in epigallocatechin-3-gallate-mediated inhibition of nuclear
factor kappaB and induction of apoptosis. Oncogene
2004;23:2507-2522.

Gupta K, Thakur VS, Bhaskaran N, et al. Green tea
polyphenols induce p53-dependent and p53-independent
apoptosis in prostate cancer cells through two distinct
mechanisms. PLoS One 2012;7:e52572.

Siddiqui 1A, Afaq F, Adhami VM, et al. Prevention of prostate
cancer through custom tailoring of chemopreventive
regimen. Chem Biol Interact 2008;171:122-132.

Nisar S, Masoodi T, Prabhu KS, et al. Natural products as
chemo-radiation therapy sensitizers in cancers. Biomed
Pharmacother 2022;154:113610.

Gan RY, Li HB, Sui ZQ, et al. Absorption, metabolism, anti-
cancer effect and molecular targets of epigallocatechin
gallate (EGCG): an updated review. Crit Rev Food Sci Nutr
2018;58:924-941.

Henning SM, Wang P, Said JW, et al. Randomized clinical
trial of brewed green and black tea in men with prostate
cancer prior to prostatectomy. Prostate 2015;75:550-559.
Bettuzzi S, Brausi M, Rizzi F, et al. Chemoprevention of
human prostate cancer by oral administration of green
tea catechins in volunteers with high-grade prostate
intraepithelial neoplasia: a preliminary report from a one-year
proof-of-principle study. Cancer Res 2006;66:1234-1240.
Guo Y, Zhi F, Chen P, et al. Green tea and the risk of
prostate cancer: a systematic review and meta-analysis.
Medicine (Baltimore) 2017;96:e6426.

Sharifi-Zahabi E, Hajizadeh-Sharafabad F, Abdollahzad H,
et al. The effect of green tea on prostate specific antigen
(PSA): a systematic review and meta-analysis of randomized
controlled trials. Complement Ther Med 2021;57:102659.
Trisha AT, Shakil MH, Talukdar S, et al. Tea polyphenols
and their preventive measures against cancer: current
trends and directions. Foods 2022;11:3349.

97.

98.

99.

100.

101

102.

103.

104.

105.

106.

107.

108.

109.

110.

<11

Singh P, Prasad S. A review on iron, zinc and calcium
biological significance and factors affecting their absorption
and bioavailability. J Food Composit Anal 2023:105529.
Jiang Y, Jiang Z, Ma L, et al. Advances in nanodelivery
of green tea catechins to enhance the anticancer activity.
Molecules 2021;26:3301.

Alotaibi BS, ljaz M, Buabeid M, et al. Therapeutic effects
and safe uses of plant-derived polyphenolic compounds in
cardiovascular diseases: a review. Drug Design Develop
Ther 2021:4713-4732.

Batiha GES, Beshbishy AM, lkram M, et al. The
pharmacological activity, biochemical properties, and
pharmacokinetics of the major natural polyphenolic
flavonoid: quercetin. Foods 2020;9:374.

.Huang J, Wang Y, Xie Z, et al. The anti-obesity effects

of green tea in human intervention and basic molecular
studies. Eur J Clin Nutr 2014;68:1075-1087.

An G, Mukker JK, Derendorf H, et al. Enzyme- and transporter-
mediated beverage—drug interactions: an update on fruit juices
and green tea. J Clin Pharmacol 2015;55:1313-1331.

Giudice A, Montella M, Boccellino M, et al. Epigenetic
changes induced by green tea catechins are associated
with prostate cancer. Curr Mol Med 2017;17:405-420.

Yu L, Wei J, Liu P. Attacking the PISK/Akt/mTOR signaling
pathway for targeted therapeutic treatment in human
cancer. Semin Cancer Biol 2022;85:69-94.

Nemes A, Tomuleasa C, Kacso G. The androgen receptor
remains a key player in metastatic hormone-refractory
prostate cancer. Implications for new treatments. J BUON
2014;19:357-364.

Khan N, Mukhtar H. Modulation of signaling pathways
in prostate cancer by green tea polyphenols. Biochem
Pharmacol 2013;85:667-672.

Posadino AM, Phu HT, Cossu A, et al. Oxidative stress-induced
Akt downregulation mediates green tea toxicity towards prostate
cancer cells. Toxicol In Vitro 2017;42:255-262.

Yang CC, Wu CJ, Chien CY, et al. Green tea polyphenol
catechins inhibit coronavirus replication and potentiate the
adaptive immunity and autophagy-dependent protective
mechanism to improve acute lung injury in mice. Antioxidant
2021;10:928.

Thapa D, Ghosh R. Chronic inflammatory mediators
enhance prostate cancer development and progression.
Biochem Pharmacol 2015;94:53-62.

Kubatka P, Mazurakova A, Samec M, et al. Flavonoids
against non-physiologic inflammation attributed to cancer
initiation, development, and progression—3PM pathways.
Epma J 2021;12:559-587.

(Accepted October 23, 2023)
Edited by YUAN Lin



