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The body is equipped with a “food factor-sensing system” that senses food factors, such as polyphenols, sulfur-containing
compounds, and vitamins, taken into the body, and plays an essential role in manifesting their physiological effects. For
example, (-)-epigallocatechin-3-O-gallate (EGCG), the representative catechin in green tea (Camellia sinensi L.), exerts
various effects, including anti-cancer, anti-inflammatory, and anti-allergic effects, when sensed by the cell surficial protein
67-kDa laminin receptor (67LR).
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| 1. Identification of the Green Tea Polyphenol EGCG-Sensing Receptor

The representative components responsible for the bioactivity of green tea are catechins, a subgroup of polyphenols.
These catechins include EGCG, (-)-epigallocatechin (EGC), (-)-epicatechin-3-gallate (ECG), and (-)-epicatechin (EC).
Their C-2 epimeric isomers are (-)-catechin (C), (-)-gallocatechin (GC), (-)-catechin-3-O-gallate (CG), and (-)-
gallocatechin-3-O-gallate (GCG). The non-epicatechins (GCG, CG, GC, and C) in tea leaves are known to be less
abundant than the epicatechins (EGCG, ECG, EGC, and EC). These four epicatechins are readily epimerized by heat
treatment and pH conditions to produce the corresponding non-epimeric forms . EGCG is found only in tea leaves
from Camellia sinensis, and is therefore a characteristic component of green tea. It is the most abundant of the catechins
and shows the strongest bioactivity among catechins. Pharmacokinetic studies in human subjects have indicated that the
maximum plasma concentration (Cp,ax) after a dose of EGCG in our daily life is usually <1.0 yM. On the other hand, oral
administration of an EGCG supplement or a standardized green tea extract Polyphenon E™, containing 60% EGCG, has
also shown that the plasma level of EGCG can reach as high as 7 pM &. Most pharmacological effects of EGCG
observed in vitro experiment and cell-free systems have been obtained at concentrations (10-100 pM) considerably
higher than those reported in vivo after intake of green tea or EGCG. Furthermore, the intracellular levels of EGCG were
much lower than the extracellular ones. Identifying the proteins that EGCG exhibits high affinity towards is the first step
toward deciphering the molecular mechanisms underlying its anti-cancer effect. Several such proteins have been
identified using in vitro techniques Bl All of them are essential to the anti-cancer effect of EGCG in cancer cells.
However, for this effect to be observed, EGCG concentrations higher than the dissociation constant (Ky) values are
required.

All-trans-retinoic acid (ATRA) amplifies the attachment of EGCG to the cancer cell surface. This molecular interaction was
evaluated by using a surface plasmon resonance binding analysis. cDNA libraries were obtained from cancer cells either
treated with ATRA or were untreated. Subtractive cloning was used to identify the differences in the composition of mMRNA
transcripts of the two types of cells. Thus, 67LR was identified as an isolated single target for EGCG and found to be
essential to the EGCG binding to the cancer cell surface and, thus, to its inhibitory effect on cell growth at the
concentration of 5 yM . The EGCG binding site is located on the extracellular domain of 67LR, corresponding to the
161-170 region & (Figure 1). The calculated K, value for the EGCG-67LR complex is about 40 nM. Most 67LR proteins
are located in the region of lipid rafts, plasma membrane microdomains enriched in cholesterol and sphingolipids, rather
than the non-lipid rafts . This type of distribution matches the plasma membrane-associated EGCG concentration
determined after treating cells with EGCG &,
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Figure 1. The EGCG-sensing pathway inhibits melanoma cell growth and proliferation by a mechanism mediated by
67LR. The interaction EGCG-67LR results in the activation of MYPT1 via AC/cCAMP/PP2A- or the eEF1A-dependent
pathway. Consequently, merlin is activated, and dephosphorylates MRLC. BRAF/ERK or mTOR-mediated activation of
p70S6K is inhibited by PP2A.

In vivo studies confirmed that 67LR functions as a receptor of EGCG, which is critical to its anti-cancer effect. Thus,
EGCG treatment substantially inhibited tumor growth in mice implanted with B16 cells harboring a control short hairpin
RNA (shRNA), but not in those implanted with 67LR-ablated B16 cells [,

Furthermore, 67LR is associated with adherence of tumor cells, migration, invasion, and metastasis 199 |t is also a target
molecule for pathogenic prion proteins 4, Sindbis virus 22, and dengue virus 23, Caffeine and other catechins (C, EC,
EGC, and quercetin) do not bind to the surface of 67LR-expressing cells nor affect their growth at the concentration of 5
uM Bl Galloylated, but not non-galloylated, catechins attach to the cancer cells. The binding ability of pyrogallol-type
catechins (EGCG and GCG) is higher than that of catechol-type catechins (ECG and CG) 4, in correlation with their
biological activities. Downregulation of the expression of 67LR reduces the activity of galloylated catechins. Thus, both the
galloyl moiety and B-ring hydroxylation may be involved in biological activities of these compounds mediated by 67LR.

Strictinin, one of esters of gallic acid with a polyol, is a hydrolysable ellagitannin in green tea. It suppresses interleukin
(IL)-4 signaling 2 by interacting with the non-lipid raft-associated IL-4 receptor (IL-4R) on the surface of the cell
membrane 28 Downregulation of 67LR does not interfere with this effect. The Ky value of IL-4R-strictinin complex is 4.53
UM, whereas that of complex of IL-4R with EGCG, which is mostly located in the lipid-raft region, is about 155 pyM 18],
Thus, both the flavan-3-ol structure and galloyl moiety might play a crucial role in the interaction between 67LR and
EGCG.

Recently, researchers revealed that EGCG formed oligomers by binding to 67LR . Oligomer formation occurs after
absorption, possibly in a manner similar to that of highly oligomerized procyanidin. The data indicate a possible
mechanism underlying the strong in vivo biological activities of EGCG.



Procyanidins are one of the well-known bioactive polyphenols in grape seeds and apple peels. Recent studies showed
that these compounds have anti-cancer properties R8I For instance, procyanidin C1 (PC1), an EC trimer, has anti-
cancer effects L2: however, its molecular mechanisms underlying this effect remain unknown. PC1 also binds to 67LR
with a Ky value of 2.8 uM 29, This interaction results in the activation of protein kinase A (PKA) and protein phosphatase
2A (PP2A). Consequently, it inhibits the growth of melanoma cells, by downregulation of phosphorylation levels of the C-
kinase potentiated protein phosphatase-1 inhibitor protein of 17-kDa (CPI117) and dephosphorylation of myosin regulatory
light chain (MRLC) proteins, followed by actin cytoskeleton remodeling. In the same study, catechin dimers procyanidin B1
(PB1) and procyanidin B2 (PB2) showed lack of cell surface binding with no significant activity on phosphorylation levels
of MRLC in melanoma cells. Taken together, PC1 has anti-melanoma effects mediated by a 67LR-dependent mechanism.
The mechanisms by which other EC oligomers interact with 67LR, such as tetramers and pentamers, remain unknown
and further studies are needed.

| 2. Inhibitory Actions of EGCG on Cancer Cell Growth Mediated by 67LR

Melanoma is the deadliest skin cancer and is notorious for its resistance to treatment, but recent clinical trials of targeted
therapies have shown promise 2122l On the other hand, many anti-cancer drugs are natural products or their derivatives,
pointing to the usefulness of natural products in drug discovery. Functional genetic screening identified eukaryotic
elongation factor 1A (eEF1A) as a critical anti-proliferative factor for melanoma cells 2. eEF1A regulates various cellular
processes, including the translation process in eukaryotes. EGCG substantially inhibited tumor growth in mice inoculated
with mouse melanoma cells harboring a control shRNA, but not in mice inoculated with eEF1A-ablated melanoma cells,
highlighting the role of eEF1A plays in the EGCG-induced anti-cancer effect.

It has been mentioned above that EGCG binding to 67LR results in cell growth inhibition as a result of a suppressing
effect on the phosphorylation of MRLC at Thr18/Ser19 23, This is determined by EGCG-induced downregulation of the
phosphorylation level of the myosin phosphatase target subunit 1 (MYPT1) at Thr696. Consequently, myosin phosphatase
activity is upregulated.

EGCG administration substantially inhibited tumor volume increase in mice inoculated with B16 cells harboring a control
shRNA, but not in mice inoculated with MYPT1-knockdowned B16 cells, indicating that MYPT1 is also an essential
element for EGCG-induced cancer prevention. In eEF1A- or 67LR-knockdowned mouse melanoma cells, EGCG does not
induce downregulation of the phosphorylation level of MYPT1Th69% 4t the concentration of 1 pM. These findings indicate
that MYPT1 plays a crucial role in EGCG signaling from both 67LR and eEF1A (Figure 1).

Abnormal activation of BRAF is the most frequently observed mutation event in patients with melanoma and is associated
with constitutive hyperproliferation. Selective BRAF inhibition improves the outcomes of patients with mutated BRAF
melanoma. Unfortunately, acquired resistance to BRAF inhibition is the problem. Therefore, there is an urgent need to
identify new strategies of treatment of melanoma. EGCG (5 pM) inhibits melanoma cell growth independent of BRAF
inhibitor sensitivity by regulating the activity of PP2A. Functional genetic screening identified this enzyme as a key player
in lowering the growth of melanoma cells 24, EGCG binding to 67LR elicits activation of PP2A via the adenylate cyclase
(AC)/cyclic adenosine monophosphate (CAMP) axis, causing melanoma-specific mammalian target of rapamycin (mTOR)
inhibition and merlin activation related to tumor suppression (Figure 1). Furthermore, the inhibition of mMTOR causes
strong synergism with the BRAF inhibitor in BRAF inhibitor-resistant melanoma. Additionally, Suvar3-9, an enhancer-of-
zeste trithorax (SET), an oncoprotein that inhibits the activity of PP2A, is overexpressed in melanoma. EGCG (5 puM)
activates PP2A and inhibits cell growth without affecting SET expression in melanoma. SET silencing significantly
enhances 67LR/PP2A signaling in vivo and, consequently, the EGCG-elicited anti-melanoma activity 2. Therefore, SET
is expected to be an important target molecule for EGCG to potentiate its anti-melanoma action.

| 3. Cancer Cell Killing Effects of EGCG Mediated by 67LR

Green tea consumption has shown beneficial effects in patients with oral cancer 28], colorectal adenomas 24, prostate
cancer (28 and early-stage chronic lymphocytic leukemia 2. In a Phase Il clinical trial in patients with chronic
lymphocytic leukemia, Polyphenon E™, containing 60% EGCG, the first botanical drug approved by the US Food and
Drug Administration for the treatment of patients with external genital and perianal warts, showed a strong anti-cancer
effect without causing serious side effects 2,

EGCG (5 or 10 pM) induces growth arrest and apoptosis in multiple myeloma (MM) 22 and acute myeloid leukemia (AML)
cells B derived from cell lines and human patients; however, it has no impact on the growth of normal cells such as
normal human peripheral blood mononuclear cells (PBMCs). The levels of 67LR expression are strongly upregulated in



myeloma cells compared with PBMCs. The specific pro-apoptotic effect of EGCG on MM cells is prevented by RNAI-
mediated inhibition of 67LR expression, further highlighting the importance of this receptor in the cancer killing effect of
EGCG.

Changes in the clustering of lipid rafts activate various cellular signaling pathways, including those involved in apoptosis.
EGCG (5 puM), but not biologically inactive EC (10 pM), induced clustering of lipid rafts in MM cells B2, An anti-67LR
antibody treatment blocked EGCG-elicited clustering of lipid rafts, whereas control antibody treatment did not. Lipid rafts
are microdomains enriched in sphingolipids and cholesterol, and changes in their quantity cause changes in the integrity
and function of lipid rafts. Cholesterol pretreatment impeded EGCG-induced lipid raft clustering and apoptosis in MM cells,
indicating that lipid raft clustering is indispensable for the apoptotic cell death induced by EGCG.

Acid sphingomyelinase (ASM) has an essential role in lipid raft clustering through the production of ceramide. The
expression of ASM is drastically upregulated in myeloid cells compared to its normal counterpart 24, EGCG (5 pM)
induced ASM activation in myeloid cells, but did not affect its normal counterpart 2. Furthermore, an anti-67LR antibody
treatment neutralized EGCG-elicited ASM activation, indicating that 67LR acts as a critical player in the effect of EGCG.
Therefore, EGCG activates the sphingolipid cascade by eliciting the ASM/67LR axis, and this enzyme is indispensable for
EGCG-elicited apoptosis by clustering of lipid rafts in MM cells (Figure 2).
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Figure 2. The 67LR-dependent EGCG-sensing pathway involved in multiple myeloma (MM) cell death. EGCG induces
apoptosis in multiple myeloma (MM) cells via the activation of the 67LR/ FAK/Src/Akt/eNOS/NO/sGC/cGMP/
PLC/PKC3/ASM signaling pathway.

Protein kinase Cd (PKCd) plays an essential role in the apoptosis-inducing pathway. EGCG (1 puM) upregulated the
phosphorylation levels of PKC35¢%64 in myeloid cells, without affecting its normal counterpart B2, Pretreatment of the
cells with an anti-67LR antibody inhibits the elevation of phosphorylation levels of PKC3%¢%64 induced by EGCG.
Moreover, pharmacological inhibition of PKC& neutralized the EGCG-induced ASM activation. Knockdown of ASM in
myeloma cells had no influence on EGCG-elicited upregulation of phosphorylation levels of PKC35¢%%4. Thus, ASM
activation elicited by EGCG may be a subordinate event that is triggered after upregulation of PKCd activity. Oral intake of
EGCG induced the activation of caspase 3, the determining step of apoptosis signaling, in myeloid cells. In addition,
EGCG upregulated the phosphorylation levels of PKC35¢6%4 and increased ASM activity in cancer cells, suggesting that
EGCG elicits the PKC3/ASM axis in myeloid cells in vivo 32 (Figure 2).

67LR contributes to shear stress-elicited expression of nitric oxide synthase 3 (also endothelial nitric oxide synthase
(eNOS)) 28l EGCG (5 uM) increased NO levels in myeloid cells, but not in PBMCs from healthy donors 24!, This increase
results from eNOS activation owing to phosphorylation at Serl1177 by Akt. Anti-67LR antibody pretreatment in myeloid



cells inhibited eNOSSe177 phosphorylation and prevented the increase in Akt kinase activity induced by EGCG (5 uM)
[34] Therefore, EGCG elicits the upregulation of NO levels by activating the 67LR/Akt/eNOS axis (Figure 2).

NO upregulates the levels of cyclic guanosine monophosphate (cGMP) via soluble guanylate cyclase (sGC)-dependent
mechanisms. EGCG (5 uM) upregulates cGMP levels in myeloid cells without affecting its normal counterpart 241, Anti-
67LR antibody or sGC inhibitor pretreatment prevented EGCG-induced cGMP elevation. The pharmacological inhibition of
sGC also attenuated EGCG-induced apoptosis and activation of ASM. Altogether, these data indicate that activation of the
67LR/cGMP signaling axis is the critical event for EGCG-induced apoptosis (Figure 2). Other catechins did not have any
influence on cGMP levels.

EGCG elicits apoptotic cell death in several types of malignant cells though the induction of cGMP. However, the
upstream mechanisms that occur after cGMP induction are not completely understood. It is demonstrated that a cGMP
increase determined by EGCG induced PKC3%€%* phosphorylation and, consequently, ASM activation B2, EGCG
upregulated phospholipase C (PLC) activity in a similar manner to the treatment with cGMP inducers. PLC is involved in
the production of diacylglycerol (DAG), which is required for PKCd activation. Pharmacological inhibition of PLC prevents
EGCG-induced ASM activation. Pharmacological inhibition of DAG strongly increases the activity of EGCG. Collectively,
these findings indicate that EGCG induces apoptotic cell death in MM cells by activating the cGMP/PLC/PKC&/ASM
signaling pathway 22 (Figure 2).

The proto-oncogene c-Src greatly contributes to the anti-cancer effect of EGCG [B8 EGCG promotes c-
Src™¥16 phosphorylation, which is essential for the activity of the enzyme. Focal adhesion kinase (FAK), a regulator of
Src phosphorylation, is colocalized with 67LR, and EGCG enhances the interaction between FAK and 67LR. Furthermore,
pharmacological inhibition of Src and FAK prevents the early mechanisms in EGCG-elicited apoptosis: increase of Akt
activity, upregulation of cGMP levels, and enhance of ASM activity. These observations suggest that FAK/Src highly
contributes to the upstream signaling of EGCG-induced Akt/cGMP/ASM activation (Figure 2).

| 4. Anti-Inflammatory and Anti-Allergic Actions of EGCG Mediated by 67LR

Lipopolysaccharide (LPS) is one of the major components of Gram-negative bacteria, is a ligand of Toll-like receptor 4
(TLR4) signaling, and an inducer of inflammatory cytokines, which are involved in the onset and pathological development
of septic shock. EGCG prevents LPS-elicited sepsis in mice and suppresses the inflammatory cytokines from
macrophages 7. Knockdown of 67LR impeded the anti-inflammatory effect of EGCG (1 uM) in mouse macrophages 28!,
In addition, EGCG reduced TLR4 levels though 67LR-dependent mechanisms. It is known that overexpression of the Toll-
interacting protein (Tollip) inhibits the activation of nuclear factor kappa B (NF-kB) and mitogen-activated protein kinases
(MAPKSs) in response to IL-1, TLR2, and TLR4 ligands B9. Thus, Tollip negatively regulates the TLR-mediated signaling
pathway. EGCG rapidly increased the level of Tollip and this effect is neutralized by 67LR knockdown. Therefore, 67LR is
essential in manifesting the anti-inflammatory effect of EGCG and its ability to upregulate Tollip expression “% (Figure 3).
Peptidoglycan (PGN) is one of the pathogen-associated components derived from Gram-positive bacteria and strongly
activates TLR2 signaling, whereas EGCG inhibits its effect by a mechanism involving 67LR and Tollip ¥
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Figure 3. Activation of EGCG-sensing pathway following its binding to 67LR results in anti-inflammatory and anti-allergic
actions. The anti-inflammatory effect of EGCG and EGCG3"Me results from inhibition of TLR signaling mediated by 67LR,
Tollip, and RNF216. EGCG/EGCG3"Me binding to 67LR suppresses MRLC phosphorylation and the histamine release
from basophils. EGCG/EGCG3"Me also inhibits ERK1/2 phosphorylation, reducing FceRI expression.

Furthermore, EGCG (2.5 pM) increased Tollip expression by downregulation of E74-like ETS factor 1 (Elf-1) 2l via
PP2A/cGMP-dependent mechanisms. These results were further confirmed by in vivo studies: oral administration of
EGCG and induction of cGMP, elevated expression of Tollip, upregulation of cGMP levels in macrophages, and
downregulated Elf-1 expression. cGMP acted as a key molecule in 67LR-dependent upregulation of the E3 ubiquitin-
protein ring finger protein 216 (RNF216) (Figure 3). Additionally, researchers demonstrated that EGCG downregulated
TLR4 levels by upregulating RNF216 42,

EGCG and the cGMP inducer are attractive negative regulators capable of attenuating TLR4 signaling. Aberrant activation
of TLR4 plays an essential role in inflammation caused by obesity, which is involved in several disorders (e.g.,
hypertriglyceridemia, hyperinsulinemia, and cardiovascular disease). Moreover, TLR4 expression in adipose tissues is
reduced by a highly absorbable 67LR agonist, (-)-epigallocatechin-3-O-(3-O-methyl)-gallate (EGCG3"Me) at the
concentration of 1 uM. It completely inhibits obesity-elicited overexpression of inflammatory cytokines, such as monocyte
chemoattractant protein-1 and tumor necrosis factor-o. The intake of EGCG3"Me inhibited obesity-induced
hyperinsulinemia and hypertriglyceridemia. Collectively, 67LR is a potent target for relieving inflammation caused by
obesity.

Mast cells and basophils mediate immunoglobulin (Ig) E-induced immediate allergic reactions. Allergen binding to IgE
bound to the high-affinity IgE receptor (FceRl) on the surface of mast cells or basophils leads to the release of preformed
and newly generated inflammatory mediators, including histamine. Such mediators are responsible for the various
symptoms of allergic reactions, such as atopic dermatitis, bronchial asthma, and food allergy 4344, The early phase of
mast cell and basophil activation includes activation of protein tyrosine kinases and their substrates, an increase in the
concentration of secondary messengers such as inositol trisphosphate and DAG, and elevation of intracellular Ca?* levels
[45]46] The |ate phase of activation is caused after the influx of Ca2* and includes the fusion of secretory granules with the
cell membrane, remodeling of the actin cytoskeleton, and radical morphological changes (441481491 EGCG inhibited
calcium ionophore A23187-induced histamine release from human basophilic KU812 cells, but could not inhibit the
elevation of intracellular Ca* levels after stimulation with A23187 9. Therefore, the effect of EGCG on histamine release
will occur after the intracellular Ca%* concentration has increased. Phosphorylation of MRLCT"18/5er19 temporally
correlates with degranulation in rat basophilic RBL-2H3 cells, while its inhibition impairs degranulation BY. EGCG, but not
EGC, inhibits histamine release and reduces the concentration of phosphorylated MRLC BY. The effect of EGCG (25 puM)
on histamine release or the phosphorylation of MRLCTN8/5er19 \wag inhibited by treating with anti-67LR antibody or
downregulating 67LR expression BY. These results suggest that the inhibitory effect of EGCG on degranulation is induced
by modifying the myosin cytoskeleton through the binding of EGCG to the cell surface 67LR. When basophilic cells were
stimulated with A23187 in the presence of EGCG (25 pM), membrane ruffling, one effect of actin remodeling, was
inhibited and biased F-actin accumulation was caused. Moreover, EGCG-induced actin remodeling was abrogated in both
anti-67LR antibody-treated cells and 67LR-ablated cells 59, These results indicate that EGCG-induced actin remodeling
is caused by a reduction in MRLC Thr18/Serl9 phosphorylation, mediated by the binding of EGCG to 67LR. Therefore,
cytoskeletal remodeling may play an essential role in the inhibitory effect of EGCG on histamine release.

FceRl is involved in the induction and maintenance of IgE-mediated allergic responses. In FceRla chain-deficient mice,
IgE cannot bind to the surface of mast cells, thereby inhibiting the induction of degranulation 52, Thus, downregulation of
FceRI expression in mast cells and basophils may contribute to attenuation of IgE-mediated allergic symptoms. It has
been reported that EGCG (25 pM) can decrease the cell surface expression of FceRI in KU812 cells, by inhibiting the
phosphorylation of extracellular signal-regulated kinasel/2 (ERK1/2) & Furthermore, the disruption of lipid rafts
prevented the inhibitory effect of EGCG on ERK1/2. Thus, the interaction between EGCG and lipid rafts is important for
the ability of EGCG to suppress FceRI expression, and ERK1/2 may contribute to this suppression signal. Researchers
also revealed that the knockdown of 67LR inhibited the effect of EGCG on FceRI expression. Moreover, the inhibitory
effect of EGCG on the phosphorylation of ERK1/2 was abrogated in 67LR-ablated cells. The findings indicate that the
effect of EGCG on ERK1/2 phosphorylation correlates with 67LR expression, which implies that 67LR is the molecule
responsible for the transduction of EGCG’s downregulatory signaling on FceRI (Figure 3).

The O-methylated derivatives of EGCG, EGCG3"Me, and (-)-epigallpcatechin-3-O-(4-O-methyl)-gallate (EGCG4"Me),
which were isolated from tea leaves such as Tong-ting oolong or Benifuuki tea cultivars, inhibit allergic reactions in vitro
(5315341 The in vivo anti-allergic effects of O-methylated EGCG, assessed using mouse models of type | and IV allergic



reactions, were stronger than those of EGCG B3B3l Mast cell activation was strongly inhibited by these methylated
catechins, mediated through preventing tyrosine phosphorylation of cellular proteins, histamine/leukotriene release, and
IL-2 secretion after FceRI cross-linking 281, A double-blind clinical trial assessed the efficacy of EGCG3"Me-rich Benifuuki
green tea on allergic cedar pollinosis. Drinking 1.5 g of tea powder with water twice a day for 13 weeks improved the
symptomatology of patients B2, EGCG3"Me (25 pM) inhibited the release of histamine and suppressed the expression of
FceRI in KU812 cells, similar to EGCG B4I58]. The activity of EGCG3"Me was decreased by RNAi-mediated knockdown of
67LR expression B Therefore, the anti-histaminic effect of EGCG3"Me is mediated by suppression of MRLC
phosphorylation following 67LR binding. 67LR also mediates the suppressive effect of EGCG3"Me on FceRI expression
by reducing ERK1/2 phosphorylation.

EGCG is not stable and easily degraded in vivo. On the other hand, EGCG3"Me and EGCG4"Me are absorbed efficiently
and are more stable than EGCG in animal and human plasma. This could explain the potent in vivo anti-allergic activities
of O-methylated EGCG. EGCG undergoes methylation, and (-)-4'-O-methyl-epigallocatechin-3-O-(4-O-methyl) gallate
(EGCG4'4"diMe) is a major metabolite of EGCG detected in plasma 9. It did not demonstrate a suppressive effect on
KUB812 cells at the concentration of 25 uM 1. The findings of O-methylated EGCGs may lead to the understanding of the
physiological activities of EGCG in vivo, but further study on the relationship between EGCG metabolites and 67LR is
required.

| 5. MicroRNA-Mediated Anti-Cancer Effect of EGCG via 67LR

MicroRNAs (miRNAs) are small single-stranded, non-coding RNAs that regulate gene expression by inducing mRNA
degradation or translational inhibition [€2. They play critical roles in various biological events, including cell proliferation
(631 apoptosis €4, differentiation €9, inflammation €8], and metabolism €2, and are implicated in various diseases (68169
Some miRNAs are aberrantly expressed in various types of cancer cells and their dysregulation leads to cancer
progression ZAZAI2] Therefore, modulating miRNA activity by dietary polyphenols may be an effective strategy against
cancer 874175176 Among the diverse polyphenols, some studies have investigated whether flavonoids similar to EGCG,
belonging to flavan-3-ols, have such miRNA-mediated effects.

Isoflavones are a group of flavonoids that are found predominantly in soy and soy products. Their effects are mediated by
estrogen receptors (ER). Equol is an intestinal metabolite of the representative soy isoflavone daidzein. At the
concentration of 10 uM, it inhibits the proliferation of human cervical cancer HelLa cells and mouse melanoma B16 cells in
an ER-independent manner. Its target may be the non-canonical poly(A) polymerase, PAP-associated domain containing
5 (PAPD5) 4. Thus, oral administration of equol suppressed tumor growth in control mice inoculated with B16 cells, but
not in mice inoculated with PAPD5-ablated B16 cells. Furthermore, it promoted tumor growth in PAPD5-ablated human
breast cancer MCF-7 cells with high expression of ERa and induced polyadenylation of snoRNAs in a PAPD5-dependent
manner. The expression of miR-320a in tumors was upregulated by its oral administration. Consequently, equol may show
a dual effect on ER-positive cancer cells: it inhibits proliferation, an effect mediated by PAPD5 via miR-320a and
enhances proliferation, an effect mediated by ERa.

The effects of delphinidin, a flavonoid belonging to anthocyanidins, on the levels of muscle-specific RING-finger protein 1
(MuRF1), miR-23a, and NFATc3 were assessed by in vitro and in vivo studies (z8], Delphinidin (5 pM) inhibits
dexamethasone-induced upregulation of MuRF1 expression and downregulation of miR-23a and NFATc3 in mouse
myoblast C2C12 cells. Its oral administration prevented the reduction of muscle mass in the gastrocnemius muscle, while
reducing MuRF1 and increasing miR-23a and NFATc3 expression. This mechanism of action indicates that delphinidin
intake may exert a preventive effect on disuse muscle atrophy.

Modulating miRNAs by flavonoids might be involved in their pharmacological properties. However, the effects of EGCG on
miRNA expression in melanoma cells remain unclear. To address this, researchers conducted an miRNA microarray
analysis /9. EGCG (10 pM) upregulated the expression of miRNA-let-7b in melanoma cells by activation of the 67LR-
dependent cAMP/PKA/PP2A signaling pathway. EGCG-induced upregulation of let-7b downregulated high-mobility group
A2 (HMGAZ2), a target gene related to tumor progression. These observations offer a new insight on the mechanisms for
EGCG-induced regulation of miRNA. The fact that EGCG can regulate miRNA via 67LR will provide a deeper
understanding of the 67LR-mediated EGCG-sensing systems.
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