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Abstract

By reviewing the literature on the efficacy of tannins in traditional Chinese medicine in the
last decade or so, we have classified the anti-tumor mechanism of tannins in conjunction with
the latest mechanism exploration in the field of oncology. Tannins, a class of multi-phenolic
compounds widely present in the diet, have been studied by scholars worldwide in recent
years because of their relatively outstanding pharmacological activities. The mechanisms
of anti-tumor action of tannins can be summarized as follows: the arrest of the cell cycle,
arrest of tumor migration, enhancement of immune competence, induction of apoptosis, and
antioxidant effects.
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Introduction

For a long time, the deterioration of tumors has
been the leading cause of human death, and in recent
years it has become the number one killer [1]. More
importantly, due to the lack of good targeting of tumor
cells, the existing chemical drugs will lead to many
harmful side effects, significantly affecting patients'
physical condition and quality of life. In recent years,
people have begun to pay attention to the role of plant
extracts in treating human diseases, among which
traditional Chinese medicine has a long history as
a principal, complementary, or auxiliary drug for
treating tumors. Tannins as a class of substances
widely present in traditional Chinese medicine, and
their material activity and pharmacological effects
have also been widely valued.

Tannins are a class of natural polyphenolic
molecules with a more complex structure, which
are more widely distributed in plants. About 70% or
more of medicinal plants contain tannins [2], such
as Camellia japonica L. [3], Myrica rubra (Lour.) S. et
Zucc. [4], Eucalyptus robusta Smith [5], Diospyros kaki
Thunb [6], Acacia mearnsii De Wild [7], and Douglas-
fir [8]. According to their chemical structures, they
can be further divided into two major groups, a
large group of hydrolyzable tannins and a group of
condensed tannins [9]. According to current research,
tannins are biologically active and can treat various
diseases. For instance, sorbitol/lecithin in a Spray
Containing Concentrated Green Tea Extract (SGTE)
can have a significant inhibitory effect on SARS-
CoV-2 [10]; Cortex Juglandis Mandshuricae (CJM)
contains tannins with suitable scavenging hydroxyl
and negative oxygen ions effect, thus having good
antioxidant activity [11]; ethanolic extract of C.
pokeweed leaves was shown to have an excellent
anticancer effect, and the results showed that it was
related to the content of tannins in it [12], etc.

Many experiments have shown [13] that natural
products have sound preventive and therapeutic
effects on tumors. They are being widely studied
because they can avoid the side effects of traditional
chemotherapy and resistance to tumor drugs after
repeated use. With the continuous optimization and
updating of extraction techniques, the structures of
many tannins have been accurately determined and
isolated as monomers. Many studies have confirmed
the sound therapeutic effects of tannins on tumors
[14]. In this paper, we will compile (Table 1) the
antitumor activity of tannins and their mechanisms
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based on previous studies for possible subsequent
studies.

Anti-tumor mechanism

Blocking tumor cell division cycle: The cell division
cycle can be broadly divided into two distinct periods:
interphase and M-phase. An important feature of
tumor cells is that a continuous proliferative signal
drives the excessive division of tumor cells. Recent
studies have shown that the inability of cells causes
the infinite proliferation and division of tumor cells
to apoptosis typically or by disrupting the standard
cell cycle exit mechanism [15]. Numerous studies
have shown that the antitumor activity of tannins
may be related to blocking the division cycle of tumor
cells [16], which points to new targets and directions
for developing antitumor drugs. Since tannins have
multi-target characteristics, their mechanisms will
be discussed below according to their blocking stages.

Blocking S phase: Ellagitannins (ETS) belong to
hydrolyzable tannins, which are in traditional Chinese
medicines such as Rubus idaeus and Punica granatum
L., as well as in nut foods [17]. According to relevant
research reports, Ellagitannins and their hydrolysis
product ellagic acid (EA, C14H608, figure 1) have good
anti-tumor properties. Mar Larrosa, et al. [18] studied
the effects of EA and Pomegranate Punicalagin (PUNI)
on human colon cancer Caco-2 cells and normal colon
CCD-112CoN cells. The results showed that neither EA
nor PUNI had the effect of promoting apoptosis and
retarding the division cycle of normal colon cancer
CCD-112CoN cells but blocked most colon cancer
Caco-2 cellsin the S phase. The author's experimental
results show that EA and PUNI downregulate the
molecular level of cyclin B1 and cyclin A and increase
the expression of cyclin E, which makes the tumor
cells stagnate in the S phase. According to the cell
cycle theory, the activity of cyclin A and CDK2 is
guaranteed by S. Without cyclin A, and it is impossible
to pass the checkpoint of the S phase and enter the
next phase. Therefore, EA and PUNI are more critical
for inhibiting cyclin A expression. It can be seen that
the target of EA and PUNI to block the S phase is
mainly cyclin A. What needs to be added is why EA and
PUNI do not block the cycle of CCD-112CoN cells in the
normal human colon. Normal human colon cells are
believed to have a certain tolerance to EA and PUNI.
However, the specific molecular mechanism remains
to be further studied. See figure 2 for a more intuitive
mechanism explanation.
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Table 1: Summary of anti-tumor mechanism of tannins.
Tannin Anti-tumor
Mechanism Specific classification Compound name Molecular Formula
Ellagic Acid C,,H.O,
Pomegranate Punicalagin C M504
Blocked S phase Gallotannin C,Hs,0,4
M-Galloylgallic Acid C,,H,,0,
Blocking the cell division cycle Maritime Pine Tannin Extract /
Blocked G2/M phase —
Corilagin C,,H,,0.,
Blocked GO/G1 phase Corilagin C,,H,,0.,
Extract Of T. Catappa Leaves /
Blocking tumor cell migration / Gallic Acid C,H,0,
Ellagic Acid C,,H.0,
Corilagin C,,H,,0.,
Exogenous pathway 3,3'4-Trimethylellagic Acid C,,H,,0,
Promote tumor cell apoptosis Casuarinin C,,H,.0,
Ellagic Acid C,,H0,
Endogenous pathway
Cuphiin D1 /
. X i Quebracho Wood Extract /
Enhancement of immune function Affects gut microbes
Chestnut Wood Extract /
. Oxidative stress Tannic Acid C,Hy,0,6
Antioxidant - — - -
Anti-chronic inflammation Gallotannin C,Hy,0,4

Figure 1 Ellagitannins and their hydrolysis product ellagic acid.

Gallotannin (GT, C76H52046, figure 3) is a
polyphenol hydrolyzed tannin formed by polyglycolic
glucose, often found in Chinese Rhus chinensis Mill.
Furthermore, it has a good effect on blocking the
cycle of tumor cells [19]. In the experiment of Sahar Al
Ayyoubi, et al. [20], GT was used to treat two kinds of
human colon cancer HCT-116 p53 (+/+) and p53 (-/-
) cells with equal genes. The results showed that GT
played asignificant roleinblocking the cell cycle of p53
(+/+) cells and inducing apoptosis of p53 (-/-) cells.
In p53 (+/+) cells, Sahar Al Ayyoubi, et al. [20] found
that GT did not inhibit cyclin A, cyclin B, cyclin E, and
other cyclins. However, they significantly inhibited
cyclin D1 and Retinoblastoma (Rb) phosphorylated
in Ser 807/811, and GT could also increase the protein

expression content of p53 and its transcription target
p21cpi1. After the activation of the transcription target
of p53, alarge amount of p53 will be accumulated, and
then the CDK inhibitor p21 will be activated. p21 will
combine with CDK2 in a large amount, making CDK2
inactive, thus achieving the effect of blocking the S
phase [21]. One phosphorylation binding site of Rb is
Ser 807/811. Because the expression of cyclin D1 was
inhibited, Rb could not be phosphorylated normally,
so that normal e2f pathway could not be carried
out and cyclin A could not be expressed commonly.
Finally, cells were blocked in the S phase. The passage
of the S phase depends on the activity of CDK2 and
cyclin A. GT has effectively inhibited both. However,
which mechanism is the decisive factor needs to be
specified, and further research is needed. See figure 4
for a more intuitive mechanism explanation.

Another kind of hydrolytic tannic acid,
m-galloylgallic acid (MA, Ci4H1009, figure 5),
with a simple structure, is reported to have a more
substantial effect of blocking S phase, which can
block most cells of malignant tumor HCT-15 and ACG
in S phase [22]. GT can be regarded as multiple MA
connected, so the action mechanism of MA may be
the same as that of GT to a large extent. However, the

Ding H, et al. (2023) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1736 781



LiF@"r*é’rure JOURNAL OF BIOMEDICAL RESEARCH & ENVIRONMENTAL SCIENCES Issn:| 2766-2276

Phossheriz acic

=

unable o pl‘\c)sphnﬁze’J
/
/

//
[

/ cyclin D1 . cycl

121 cannot be activated fail 1o express

subject area(s: IMMUNOLOGY

GT

increase

\ ‘E < s combine
P!! C

increase

“\increase

Yo g

Figure 2 Intuitive mechanism explanation.

Figure 3 Gallotannin is a polyphenol hydrolyzed tannin formed by polyglycolic glucose.

Figure 4 The passage of the S phase depends on the activity of CDK2 and cyclin A. GT has effectively inhibited both.
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Figure 5 MA, C14H1009.

structure of MA is more straightforward, which does
not require excessive metabolism in the body and is
easier to absorb. It can be speculated that under the
same conditions, the inhibition effect of MA will be
better than that of GA, which still needs more in vivo
experimental data to support it.

Blocking G2/M phase: Maritime Pine Tannin
Extract (MPTE) is a tannin component extracted from
the bark of marine pine, Pinus massoniana Lamb., and
other plants. It is rarely used in Chinese traditional
medicine and is widely used in Mediterranean
countries. According to relevant research, it has
good anti-tumor activity [23]. In the experiment
of Waseem Ashraf, et al. [24], MPTE was used to
treat human HeLa and U20S cancer cells. It was
found that MPTE could make HeLa cells stay in the
G2/M phase, UHRF1 (Ubiquitin-like containing PHD
Ring Finger 1) and DNMT1 (DNA methyltransferase
1) were down-regulated, and p73 were up-
regulated. DNA methylation is mediated by the DNA
methyltransferases family (DNMTs), of which DNMT1
isamember; UHRF1is a confirmed carcinogen, and its
overexpression is found in most cancers and tumors.
It is reported [25] that hypermethylation of the CPG
site of Tumor Suppressor Genes (TSGs) is driven by a
mechanism involving unknown DNA binding factors,
which selectively recruits DNMT1 to the promoters
of TSGs, leading to their methylation and silencing
of TSGs, which is reversible. UHRF1 can be combined
with DNMT1 to participate in the silencing process of
TSGs. P53 and p73 (in p53 deficient cells) can feedback
regulate the expression of UHRF1 through some
mechanism [26]. This shows that in Waseem Ashraf's
experiment, MPTE caused the down-regulation of
UHRF1/DNMT1 by up-regulating the expression of
p73, which led to DNA demethylation of Hela cells,
thus stopping at the G2/M stage. However, MPTE
contains many tannins, and the specific structure
type that plays a role still needs further study.
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Corilagin (C,H,,0,, figure 6) is a tannin
component in many medicinal plants of traditional
Chinese medicine (such as Lilium brownii F.E.Br. ex
Miellez, Phyllostachys edulis (Carriere) J. Houzeau,
Chrysanthemum indicum L., etc.), which has been
proven to have an excellent anti-tumor effect. In
the experiment of Luoqi Jia, et al. [27], the ovarian
cancer cell lines SKOv3ip and Hey were treated with
Corilagin. It was found that Corilagin could cause
G2/M phase arrest of cancer cells, and the expression
levels of cyclin B1, myt1, p-Weel, and p-cdc2 were
downregulated. It can be seen from the known
mechanism [28] that the entry of phase M depends
on the activity of CDK1. First, the activation of CDK1 is
completed by cyclin “a” and cyclin “b” accumulated
in S and G2 phases. The phosphorylation of the kinase
Weel and Myt1 inhibits the activity of CDK1, so the
activation of CDK1 requires the dephosphorylation
of the kinase Wee1l and Myt1 to maintain. However,
in this experiment, the expression levels of Weel
and Myt1 were inhibited, which indicated that the
G2/M phase arrest was not related to it but should be
related to the inhibition of cyclin B1 expression. After
cyclin B1 was inhibited, CDK1 could not be activated,
achieving the effect of G2/M phase arrest, which was
different from the conclusion of the original article.

Blocking Go0/G1 phase: In the experiment of
Chaoqun Wu, et al. [29], when treating Esophageal
Cancer Cells (EC) with Corilagin, it was found that Go/
G1 of EC was significantly blocked. At the same time,
the expression levels of CDK4, CDK6, and cyclin D1
in EC decreased, and the expression of p21 increased.
After the cell completes mitosis, the accumulation of
cyclin D-CDK4/6 complex is the guarantee for the cell

Figure 6 C_H_O

27" 22718
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to enter the interphase, which can prevent the sudden
exit of the interphase. However, p21 was initially
activated by p53, and p21 will inhibit the cyclin CDK
complex in the G1 phase, making the cell unable to
enter the S phase smoothly, achieving the blocking
effect. Therefore, in this experiment, Corilagin
activated the activity of p21 and downregulated
the expression levels of CDK4, CDK6, and cyclin D1
through p21, thus achieving the effect of blocking the
G0/G1 phase.

Anti tumor cell migration

Tumor migration refers to the diffusion of cancer
cells from the primary malignant primary tumor to
one or more other parts of the body. More than 90%
of patients are reported to die of tumor migration
[30]. The whole migration process of tumor cells
is quite complex, involving multiple processes,
including separation of primary tumor mass,
migration to lymph and blood vessels, destruction
of the vascular basement membrane, penetration of
vascular lumen, escape from immune surveillance,
adhesion to the vascular endothelium of the distal
organs of the primary site, extravasation, and
characteristics necessary for survival and growth in
the invaded microenvironment [31]. These tedious
processes may explain the low success rate of tumor
cell migration. Many experiments have shown that
tannin can inhibit one or more processes from
achieving the effect of anti-tumor cell migration. For
example, tannin extracted from the fruit of Forsythia
suspensa is proven to be able to inhibit the migration
of MDA 231 breast tumor cells induced by CXCL12
[32]; Tannins extracted from Bauhinia variegata var.
variegata can inhibit the proteolysis and degradation
of extracellular matrix around the tumor, to achieve
the purpose of inhibiting tumor cell migration [33].
These research results can explain the anti-tumor
migration effect of tannin to a certain extent, which
will be discussed in detail below.

The leaf of Terminalia catappa L. is a traditional
Chinese medicine with many tannins. In the
experiment of Shu Chen Chu, et al. [34], extract of
T. catappa leaves (TCE) was obtained by ethanol
extraction of Eriobotrya japonica leaves. Then TCE
was used to treat highly metastatic A549 and Lewis
lung cancer (LLC) cells. It was found that TCE could
well inhibit the migration of LLC, and the reduction
of matrix metalloproteinase (MMP) - 2, - 9 and
urokinase-PA (u-PA) in proteolytic enzymes was

JOURNAL OF BIOMEDICAL RESEARCH & ENVIRONMENTAL SCIENCES Issh:| 2766-2276

detected. MMP is involved in multiple steps of tumor
cell migration. For example, it can directly dissect
the Vascular Endothelial Growth Factor (VEGF)
bound in the matrix, change the structure of VEGF,
and promote the formation of tumor blood vessels.
It can also catalyze various proteins to recombine
Extracellular Matrix (ECM), which is more conducive
to tumor cell migration [35]. The complex of u-PA
and u-PA receptors can convert inactive plasminogen
into active plasmin so that the active plasmin can
hydrolyze various matrix proteins and achieve the
effect of destroying ECM [36]. Therefore, TCE can
inhibit proteolytic enzymes so that tumor cells cannot
be separated from the primary site and cannot adhere
to the vascular endothelial surface of distal organs to
inhibit tumor migration.

1,2,3,4,6-0O-pentagalloyl glucose (PGG, figure 7)
is a structural monomer in Chinese Rhus chinensis
Mill., Paeonia lactiflora Pall., etc., and has good anti-
tumor activity in vitro. In the experiment of Sung Jin
Lee, et al. [37], PGG was used to treat human umbilical
vein endothelial cells and microvascular endothelial
cells. It was found that PGG could inhibit the binding
of VEGF and its receptor, thus preventing tumor
angiogenesis. Tumor angiogenesis plays a decisive
role in tumor migration. Tumor blood vessels can
provide essential nutrients for tumors. Angiogenetic
factors can promote tumor angiogenesis, and the
VEGF family is one of them. It is reported that [38]:
VEGF-A interacts with VEGFR-1 and VEGFR-2 to
mediate angiogenesis, while VEGF-B only has a high
affinity with VEGFR-1. Therefore, GA can inhibit the
expression of VEGF, reduce its binding with receptors,
and thus avoid tumor angiogenesis.

In the experiment of Feng Liu, et al. [39], the
metabolite of EA in the colon is urolithin D (UroD).
Treating human Colorectal Cancer Cells (CRC)
with GA, EA, and UroD, respectively, we found
that they can effectively prevent the migration of
CRC and inhibit the N-acetyl peptide-o-Galactose
aminotransferase (ppGalNAc-Ts) activity. Mucin-
type O-glycosylation is triggered by the ppGalNAc-Ts
family [40], and this glycosylation can be observed
in various malignant tumors. After O-glycosylation
of mucin, it will directly affect the molecules related
to Epithelial-Mesenchymal Transformation (EMT),
making epithelial cancer cells lose the connection
between cells, the top base polarity. The adhesion
with the basement membrane interacts and becomes
mesenchymal, thus having the ability to migrate
[41]. Therefore, GA, EA, and UroD can prevent

Ding H, et al. (2023) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1736 784



Lif&Pature

O-glycosylation of mucin and further block tumor
migration by inhibiting the activity of ppGalNAc-Ts.

Promote tumor cell apoptosis

Apoptosis refers to the spontaneous and orderly
death of cells controlled by genes to maintain the
stability of the internal environment. Apoptosis is
different from cell necrosis. Cell apoptosis is not a
passive process but an active process. It involves
activating, expressing, and regulating a series of
genes. It is not a phenomenon of self-injury under
pathological conditions,but a death process actively
fought for to better adapt to the living environment.
There are two main pathways of apoptosis [42]:
exogenous pathway - activating caspase in cells
through extracellular signal; Endogenous pathway -
caspase is activated through the release of apoptotic
enzyme activator from mitochondria. Many
experimental studies have shown that tannin plays
an anti-tumor role by promoting cell apoptosis. Due
to the complex structure and types of tannins, the
following will discuss their mechanisms separately
according to the different apoptosis pathways.

Exogenous pathway - activating caspase in
cells through extracellular signal: Activation of
Caspase: Caspase belongs to the cysteine protease
family, equivalent to ced-3 (Caenorhabditis elegans
death-3) in nematodes. These proteases are the key
enzymes that cause cell apoptosis. Once activated by
the signal pathway, they can degrade proteins in cells
and make cells irreversible to death.

3,3', 4' - trimethylellagic acid (C17H1208, TMEA)
is a tannin compound isolated from Sanguisorba
officinalis L. The study of the Lan group showed
that [43] apoptosis is a kind of programmed cell
death regulated by Bcl-2 family proteins, which
are divided into anti-apoptotic proteins, such as
Bcl-2, and pro-apoptotic proteins, such as Bax.
Therefore, decreasing the Bcl-2/Bax ratio can induce
mitochondrial cytochrome C release and further
activate mitochondrial-dependent caspase cascade
apoptosis cell death. On this basis, the study of the
Bai group [44] found that TMEA can induce apoptosis
by activating caspase-3, up-regulating Bax, down-
regulating Bcl-2, and reducing the proportion of
Bcl-2/Bax in cancer cells and tumor tissues, thereby
significantly inhibiting the growth of various cancer
cells, such as HepG2, A549, SW620, and other
cancerous cells. These results indicate that the anti-
tumor effect of TMEA is related to regulating the
apoptosis pathway and inducing apoptosis.
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Casuarinin (C41H28026) is a new product from
Terminalia arjunaL L Hydrolyzed tannins isolated from
the bark of Combretacea inhibit the proliferation of
MCF-7 by inducing cell apoptosis. Studies have shown
that [45] Fas/FasL system and caspase-8 signal
transduction play an essential role in the apoptosis
of MCF-7 cells mediated by ephedrine. In MCF-7 cells
treated with ephedrine, Fas ligand mFasL and sFasL
increased. In addition, FasL enhanced caspase-8
activity and up-regulated Fas/APO-1 level in MCF-7
cells to induce apoptosis.

In addition to the tannins mentioned above,
corilagin (as shown in figure 6) can induce apoptosis
inmany plants. Studies have shown that [46] corilagin
mainly induces apoptosis of gastric cancer cells by
activating caspase - 8, - 9, - 3 and poly ADP ribose
polymerase proteins. Corilagin treatment reduced the
protein levels of procaspase - 8, - 9, and - 3 in a dose-
dependent manner and induced apoptosis through a
caspase-dependent apoptosis pathway.

Endogenous pathway: Caspase activation
through mitochondrial release of apoptotic enzyme
activator:Mitochondrial mediated apoptosis: cell
stress response or apoptosis signal can cause
mitochondrial cytochrome c¢ to release. As an
apoptosis-inducing factor, cytochrome c can form
apoptosome with Apaf-1, the precursor of caspase-9,
and ATP/dATP, and then convene and activate
caspase-3, thus triggering caspase cascade reaction,
leading to apoptosis.Al-Maliki's research shows that
[47]tannin can promote apoptosis by producingliving
oxygen and activating endogenous pathways. The
study of tannic acid's effect (hydrolyzable tannin) on

HO o
50 OH
HO OH

OHL___oH

O © O OH
HO o™ oy, O OH
HO O o] O

Figure 7 PGG (pentagalloyl glucose).
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BC cells and colon cancer cells found that tannic acid
has anti-cancer and apoptosis-promoting activities.
In breast epithelial cells, tannic acid is more sensitive
to apoptosis induced by caspase 9 and 7 and MCF-7
cell line activation.

For instance, it is reported [48] that ETs and their
hydrolysate Ellagic Acid (EA) can induce apoptosis
of tumor cells. The anti-cancer principle of dietary
ETs is that its hydrolysate EA induces apoptosis of
colon cancer Caco-2 cells through the mitochondrial
pathway but does not promote apoptosis of normal
colon cells. Larrosa's research found that [18] the role
of EA on Caco-2 is to trigger cell apoptosis through
the internal pathway of BCL-XL, the mitochondria
release cytochrome c into the cytoplasm, and activate
the promoter caspase 9 and effector caspase 3. EA
induces apoptosis through the down-regulation of
BCL-XL in the intracellular pathway, and the release
of cytochrome c from mitochondria to the cytoplasm
is the (intrinsic) feature of the mitochondrial
apoptosis pathway. Therefore, we can conclude that
EA can induce apoptosis by down-regulation of BCL-
2 XL and activating caspase 9 and 3.

Another extraordinary case is that cuphiin D1 (CD1,
see figure 8) is a new macrocyclic hydrolytic tannin
compound isolated from tea coffee bacteria, which
has anti-tumor activity in vivo and in vitro. Wang, et
al. [49] found that CD1 has cytotoxicity to HL-60 cells
in exploring the mechanism of the anti-tumor effect
of CDi-induced Human Promyelocytic Leukemia
(HL-60) cells, and CD1 causes DNA fragmentation
in HL-60 cells and inhibits the expression of Bcl-
2. Therefore, it can be concluded that CD1, with its
unique structure, inhibits the expression of Bcl-2
in HL-60 cells, thereby inducing apoptosis, but the
specific mechanism remains unclear.

Enhance immune function

Immunity is the human body's defense
mechanism, and the human body can recognize and
eliminate any foreign body (virus, bacteria, etc.)
invading from outside, deal with aging, injured, dead,
denatured own cells, and recognize and deal with
mutated cells and virus-infected cells in the body.
Enhancing the body's immune function can play an
excellent anti-tumor effect to a certain extent. Tannin
can affect intestinal microorganisms to enhance their
antioxidant capacity and barrier function. It also has a
potential antibacterial activity to enhance the body's
immunity and play a potential anti-tumor role. The
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Figure 8 Cuphiin D1.

6

following will discuss its mechanism separately
according to its different roles.

The intestinal tract is the largest immune organ
of the human body, producing more antibodies
than other parts of the body and containing about
80% of antibody-producing cells. Intestinal flora
is an essential component of the intestinal mucosal
barrier, significantly impacting the immune
system's development and function [50]. Intestinal
microbiota metabolism produces Short-Chain
Fatty Acids (SCFAS), regulatory factors of intestinal
metabolism, proliferation, and differentiation. They
play a significant role by maintaining an environment
conducive to symbiotic bacteria, controlling
pathogenic bacteria' growth, and fine-tuning the
immuneresponse [51]. Immune Checkpoint Inhibitors
(IC1S) playarolebyblocking PD-1and PDL-10r CTLA-
£ pathways, leading to the disinhibition of the tumor
escape mechanism. T cells can selectively recognize
cancer cells and coordinate immune responses. At
this time, they can recognize tumors and destroy
them to play an anti-tumor immune response. The
specific intestinal microbiota has been proven to
affect ICIS response [52] and exert anti-tumor ability
[53]. Quebracho Wood Extract (QUE) and Chestnut
Wood Extract (CHE) are natural sources of tannins.
The structure of CHE is shown in figure 9. In the
experiment of Molino, et al. [54], they measured
that QUE and CHE increased the output of SCFAS by
using their vitamin Astro endogenous differentiation
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and differentiation. When analyzing the output of a
single SCFA, they observed a statistically significant
difference (p < 0.05) between the two tannin extracts
after fermentation of acetic acid, propionic acid, and
butyric acid, with a higher CHE. The reason is that
QUE is mainly composed of oligomers of progestins,
and tannins condensed from flavonoid units are
mainly composed of concentrated tannins; CHE
is characterized by the presence of hydrolyzable
tannins, which may be more easily used for microbial
fermentation. The experiment of Duiias, et al. [55]
pointed out that tannin has a ""prebiotic-like" effect,
which promotes the growth of lactobacillus and
bifidobacteria in the living cells of vitellin to improve
the intestinal microbial ecosystem, enhances
intestinal health, and thus enhance immune function.
This experimental result is consistent with that of the
Molino group. In addition, Molino [54] group also
carried out the DAR + test of QUE and CHE, and the
results showed that QUE and CHE had 70-820 times
higher antioxidant capacity than conventional food,
showing vigorous free radical activity. The overall
antioxidant capacity of QUE and CHE can also explain
the principle that tannins enhance intestinal health.
It is precise because tannin can improve intestinal
health and intestinal microbial ecosystem, affect
anti-tumor response and response to ICIS, improve
the antioxidant capacity of the body, and enhance
the intestinal barrier function, which has been widely
used in the addition of animal feed (such as chestnut
tannin) [55,56].

Antioxidant effect

When eukaryotic cells take aerobic respiration in
mitochondria to obtain energy, they produce some
small molecular compounds with a low concentration
of oxidative metabolism. In normal cells, these small
molecule compounds are necessary for life activities
such as cell apoptosis, enzyme metabolism, and cell
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signal transmission [57]. Reactive Oxygen Species
(ROS) is the largest among all compounds produced
by oxidative metabolism. ROS includes superanion
(0*), hydrogen peroxide (H,0,), hydroxyl radical
(OH"), singlet oxygen (10,), and ozone (03) [58].
Oxidative stress will occur when the ROS in cells
exceeds a particular concentration or the balance of
prooxidants/antioxidant in cells is out of balance.
The consequences of oxidative stress are devastating
to normal cells. Oxidative stress will change the
structure of DNA, promote lipid oxidation and change
the activity of proteins. Therefore, oxidative stress
is related to many diseases, such as inflammation,
diabetes, cancer, etc. In the field of the tumor, the
increase in ROS concentration has two sides. On
the one hand, ROS will inactivate inhibitors such
as p53, thereby promoting tumor migration and
proliferation; On the other hand, oxidative stress
caused by ROS can promote apoptosis of tumor
cells [59]. In structure, tannin compounds contain
many phenolic hydroxyl groups, which can react
with ROS to avoid oxidative stress. They are natural
active antioxidants; Interestingly, according to the
report [60], tannin compounds can also promote the
increase of ROS concentration, thereby changing the
mitochondrial membrane potential, inducing the
production of apoptosis factors such as caspases, Bax,
etc., thus promoting the apoptosis of tumor cells.

Antioxidant stress: Tannic acid (TA, C,H, 0,
figure 10) is a compound widely distributed in Chinese
traditional medicine, such as gallnut, and has good
anti-tumor activity. Its structureis the sameas GT, but

the naming habits of the experimenters are different.
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In the experiment of Natalia Pontes Bona, et al. [61,
treating glioblastoma (GB) with TA, it was found that
it could eliminate the increase in ROS content caused
by GB and reactivate Superoxide Dismutase (SOD) and
Catalase (CAT), thus achieving the goal of inhibiting
the growth of GB. In order to fight against the damage
caused by oxidative stress, there is a complex set of
antioxidant enzyme mechanisms in cells. SOD and
CAT are members of the antioxidant enzyme family.
According to the report [62], when fighting against
super anion, SOD can convert it into hydrogen
peroxide. Then CAT and reduced glutathione (GSH)
can convert hydrogen peroxide into water that is
harmless to cells, thus reducing the concentration of
ROS. Malondialdehyde (MDA) is a metabolite of lipid
peroxidation, which can reflect lipid peroxidation
status. In GB, the antioxidant enzyme system in cells
is destroyed, which makes the concentration of ROS
in cells too high and destroys the standard apoptosis
system, which is conducive to the proliferation and
migration of GB.TA can reverse this effect, restore
the redox state within GB to normal, and achieve the
effect of blocking GB.

Anti chronic inflammation: Inflammation is a
defense method for the body to respond to internal
and external stimuli. This reaction usually eliminates
attackfactorsandrestores thebody's normal function.
In recent years, with the development of pathology,
people have a deeper understanding of inflammation:
short-term inflammation does not have pathogenic
characteristics, but long-term chronic inflammation
will have a variety of factors promoting tumor
formation, such as promoting tumor angiogenesis,
supporting tumor cell migration, etc. [63]. Under the
continuous effect of chronic infection, autoimmunity,
or some stimulators, part of the body's inflammation
continues to exist and cannot be eliminated. In
this case, it is very likely to produce cancer. For
example, this chronic inflammation will recruit
many inflammatory and immune cells to reach the
inflammation and infection sites. These cells will
produce ROS, Reactive Nitrogen Components (RNS),
and some inflammatory factors under the stimulation
of inflammation, to promote the progress of the
tumor [64]. Nitric Oxide (NO-) is the most abundant
in the RNS family. NO - will react with ROS in several
ways and eventually convert into hydroxyl radicals
and Nitrite Anions (NO2-). Both NO- and RNS are
conducive to generating tumor blood vessels, thus
promoting tumor migration [65]. In the experiment
of Racha Al Halabi, et al. [66], human colon cancer
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cells of hT-29 and hCT-116 were treated with GT.
The results showed that GT could up-regulate IxB
a Protein, down-regulated nuclear factor kappa B
(NF«xB), And it’s released inflammatory factors (IL-
8, TNF-a IL-1a, And the expression level of VEGF-A
protein mRNA was significantly reduced, which had
an apparent anti-tumor effect. Transcription Factor
NF « The B family is mainly composed of p50 and
p65 subunits, while IxB o It is an inhibitor of TNF o
For IxB o Protein disintegration to activate NF«B [67].
NF«B is vital in linking chronic inflammation and
tumor development and even plays a crucial role in
some inflammatory tumors. In the experiment of Eli
Pikarsky [68] and others, the treatment of cholestatic
hepatitis inhibits NF . In the B-expressing group,
liver cells did not successfully develop into cancer
cells; In the other untreated group, liver cells became
cancerous. Therefore, GT can adjust NFkB and IxB
o. It can inhibit the occurrence of inflammation and
inhibit the growth of tumor cells.

Summary

In this review, we summarized and discussed the
anti-tumor mechanism of tannin and its potential
molecular targets. In the tannin family, on the
one hand, due to the complex structure and wide
distribution of tannin and the lack of systematic
research on its physical and chemical properties,
it is more difficult to determine its more specific
structure-activity relationship. Only the traditional
chemical structure analysis knowledge can be used to
analyze it, which leads to the slow progress of tannin
research and is difficult to be applied to the clinical
treatment of cancer. On the other hand, tannin has a
significant molecular weight. It is "water and alcohol
soluble," making it challenging to separate tannin
from other macromolecular polar substances, so it is
difficult to separate monomers from plants. Although
chemical synthesis can be used to solve [14], the cost
is still high, which brings significant challenges to
scientific researchers. Many people can only use the
organic extract of tannin for experiments, and it is
impossible to explain its role at the molecular level
clearly.

At present, it is recognized that tannin has the
main pharmacological activity. It has been added
to feed as an adjunct in animal husbandry to treat
common livestock diseases, such as bacteremia.
However, it is rarely used to treat people. In addition
to the above problems, it is primarily due to its low
bioavailability and difficulty delivering to the target
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organ. Before reaching the target organ, it will be
affected by the PH value, enzyme decomposition,
and temperature in the body, which will destroy
its structure and lose its therapeutic effect. A more
acceptable solution is to use the nano-delivery system
to deliver the drug and package the tannin with
nano-materials to make it reach the target stably,
which can significantly improve the bioavailability of
tannin [69]. In addition, an essential breakthrough
point is a synergy. Most ethnic medicines, such as
traditional Chinese medicine, are complex "chemical
compositionbanks,'" and various chemical substances
interact. Therefore, the relationship between different
tannins and the components in multiple plants must
be further discussed to explain whether tannins can
be adequate alone or find substances that can make
tannins more effective.

Although tannin has the above problems, tannin
has excellent advantages in treating tumors. There
is a significant risk in the traditional chemical drug
treatment: the lack of good targeting will attack
normal human cells indiscriminately. This will cause
patients to bear much pain in treatment. From the
above example, we can see that tannin has good
targeting, will not attack normal human cells, and can
keep patients' quality of life unaffected. This is the
advantage of tannin as a natural product in treating
cancer. In addition, tannin is widely distributed
and can be produced in batches. If it can be put into
clinical use in the future, it will have a massive impact
on tumor treatment.
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