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P53

P53

P53

P53

P53

Compound

Ascochlorin

Apigenin

Butein

Chalcones

Curcumin

In vitro

In vitro

In vitro

In vitro

In vitro

Mechanism of action

‘The inhibition of mitochondrial
respiration is a consequence of the
activation of p53 by ascochlorin, a
phenomenon that is corroborated by the
fact that respiratory inhibitors elicit

P53 activation in a way akin to that of
ascochlorin

Apigenin decreased the tyrosine
phosphorylation of HER? and increased
the levels of p53, phospho-p53, and p21 in
both MCF-7 vec and MCF-7 HER? cells.
Furthermore, apigenin was found to cause
apoptosis through the p53-dependent
pathway

‘The process of apoptosis induced by butein
s facilitated by the p53 protein, causes the
arrest of KBMS cells in the S phase, and
changes the levels of specific cyclins and
downstream targets of ps3, namely,
MDM2 and p21

Chalcone increased p53 expression in
MCE-7 cells, suggesting that this chemical
had the capability to stimulate and
‘maintain the stability of ps3 protein
expression

Curcumin stimulates the P53 signaling
pathway and inhibits the PI3K signaling
pathway to promote gastric cell death and
autophagy by upregulating P53 and P21

Cell line(s)/animal
model (s)

U208 (human osteosarcoma)

Her2 (breast cancer)

The KBMS5 and K562 cell lines

The MCF-7 line represents estrogen
receptor-positive breast cancer cells,
while the MDA-MB-231 line represents
triple-negative breast cancer (TNBC)
cells

Two cell lines, SGC-7901 and BGC-823
(gastric cells)

References

Jeong et al. (2009)

Rahmani et al.
(2022)

Woo et al. (2016)

Dos Santos et al.
(2019)

Fu et al. (2018)

P53

P53

P53

Epigallocatechin-3-gallate
(EGCG)

Formononetin

Garcinol

In vitro and In
vivo

In vitro

In vitro

EGCG decreases B-catenin mRNA and
transcriptional activity in cells via the
P53 pathway and increases ubiquitin-
mediated 263 proteasomal degradation

Formononetin dose- and time-
dependently reduced A549 cell growth and
caused apoptosis. miR-27a-3p suppressed
HIPK2 3'UTR expression. In
formononetin-treated A549 cells, miR-
27a-3p expression decreased, that of
HIPK2 increased, and p53 decreased

Garcinol blocked CBP/p300-mediated
acetylation of the p53's C-terminal
activation domain but boosted

P53K120 acetylation and cytoplasmic
P53 accumulation. Moreover, DNA
damage signaling markers such as
YH2A.X, H3K56Ac, p53, and TIP60 were
upregulated

Human HNC cell lines (oral cavity
squamous cell carcinoma and a
syngeneic mouse model

Human non-small-cell lung cancer
(NSCLC)

MCF7 cells

Kciuk et al. (2023)

Hu and He (2021)

Collins et al. (2013)

P53

P53

P53

Honokiol

Resveratrol

Silibinin

In vitro

In vitro

In vitro and in
vivo

Honokiol treatment of human

'H4 neuroglioma cells caused cell death and
downregulated cyclin B1, CDC2, and
de25C expression but increased p-CDC2
and p-cdc25c expression. Honokiol also
elevated ps3, p21, and Bax/Bel-

2 expression. The molecular mechanism
involves activating p53 signaling and
arresting the cell cycle

Resveratrol activates the tumor suppressor
P53 and exhibits p53-independent
apoptosis by reducing the expression of
phosphorylated Akt-mediated NF-xB
suppression, as also evidenced by the
downregulation of antiapoptotic factors
Bcl-2 and Bel-xl

Silibinin effectively repaired UVB-induced
DNA damage in p53+/+ mice but was less
effective in p53-/- animals. Activating
P53 helps silibinin protect against UVB-
induced photodamage, inflammation, and
photocarcinogenesis by inhibiting skin
tissue indicators of UVB-induced
inflammation

H4 human neuroglioma cells

A549 and HCC-15 cells

Non-melanoma skin cancers (NMSC),

p53-/- male breeders of the C57BL/
6 strain and female breeders of the
SKH-1 hairless strain

Guo et al. (2015)

Jang et al. (2022)

Rigby et al. (2017)

P53

Quercetin

In vitro

Quercetin induces p53-dependent G2/M
phase cell-cycle arrest and mitochondrial
apoptosis to reduce HeLa cell viability

Human cervical cancer (HeLa)

Son and Kim (2023)
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Target

P3s

P3s

P3s

P38

Compound

Astaxanthin

a-Mangostin

Baicalein

Cardamonin

In vitro

In vitro and in

vivo

In vitro

In vitro

Mechanism of action

Astaxanthin-induced downregulation of
P38 MAPK XPC enhances erlotinib-
induced cytotoxicity in A549 and
H1975 cells

a-Mangostin inhibited tumor growth in
cervical cancer mouse xenograft models
by increasing p-ASKI, p-p38, cleaved-
PARP, and cleaved-caspase-3 and
inhibiting cell viability. This led to loss of
‘mitochondrial membrane potential
(MMP), release of cytochrome C,
increase in Bax, decrease in Bel-2, and
activation of the caspase

Apoptosis, induced by caspase activation,
downregulation of bcl-2, and
overexpression of bax or p53 via the ERK/
P38 MAPK pathway inhibits growth

‘The impact of cardamonin on the
proliferation and death of normal cells
was not readily apparent. In addition, it
inhibited the proliferation of OS cells in a
xenograft mice model and elevated the
phosphorylation threshold of

P38 and JNK.

Cell line(s)/animal References

model (s)

Non-small-cell lung cancer (NSCLC) | Chen et al. (2018)

cell

Human cervical cancer cell line Sitla
(ATCC HTB35); female nude mice
(BALB/c nu/nu) as xenograft animal
models

Lee et al. (2017)

Human breast cancer MCF-7 and
MDA-MB-231

Zhou et al. (2009)

Human OS cell lines 143B and MG63,
as well as human normal brain glial cell
HEB, human normal bone marrow
stromal cll HSS, and human normal
fetal hepatocyte LO2

Zhang et al. (2021a)

P3s

P38

P3s

P38

P38

P3s

P38

P38

P38

P38

Casticin

Curcumin

Epigallocatechin-3-gallate

(EGCG)

Formononetin

Garcinol

Honokiol

Resveratrol

Silibinin

Quercetine

Vitisin A

In vitro

In vitro

In vitro

In vitro

In vitro

In vitro

In vitro

In vitro

In vitro

In vitro

Casticin decreases cell viability and
arrests the G2/M cell cycle via activating
caspases 8,9, and 3 and activating
endogenous p38 MAPK in untreated cells
based on phospho-MAPK expression
levels

Inhibitors that downregulate ERK and
P38 MAPK phosphorylation did not have
any impact on curcumin-induced
apoptosis. However, the use of siRNA to
knock down p38 MAPK dramatically
decreased curcumin-induced apoptosis

EGCG inhibited proliferation and
‘migration of OVCAR-3 cells by reducing
P38 phosphorylation potentially
‘mediated through the activation of

P38 MAPK and downregulation of
MMP2 protein expression

Formononetin contributes to a decrease
in Bel-2 protein levels and an increase in
Bax expression in PC-3 cells, thereby
resulting in an increase in the Bax/Bcl-
2 ratio and regulating the p38/Akt
pathway, thereby triggering apoptosis in
tumor cells

‘The p38-MAPK inhibitor and garcinol
synergistically increase the expression of
cyclin E, p21Waf1/Cipl, and

p27Kip1 and induce G1 cell cycle arrest
and apoptosis in lung cancer cells

Honokiol induces excessive ROS and
thus does not affect Lip-HNK-induced
apoptosis, but is also associated with
inhibition of the ERK/p38-MAPK
signaling pathway

Resveratrol upregulated SIRT1 and
inhibited Ak/mTOR while activating
P38-MAPK in NSCLC cells dose-
dependently, possibly causing autophagy.
Activating the Ak/mTOR pathway with
IGE-1 or blocking the p-38-MAPK
pathway greatly reduces cell proliferation
and increases apoptosis

Two ROS scavengers reduced p38/
Pp-p38 expression and NF-kB
transposition from the cytoplasm to the
nucleus, while p38 and NF-xB inhibitors
and H202 scavengers jointly reduced
ROS production and silibinin-induced
autophagy

Quercetin's apoptotic effects involve the
ROS/AMPKal/ASK1/p38 signaling
pathway, with AMPKal playinga crucial
role in ASKI-induced apoptosis.
Blocking AMPKal activity with
compound G, synthetic inhibitors, or
SIRNA prevented quercetin-activated
ASK1 from stimulating p38 activity

Vitisin A reduced LPS-induced ERK1/
2 and p38 phosphorylation and NF-«B
activation. Vitisin A may decrease NO
generation by inhibiting ERK1/2, p38,

and NF-«B signaling pathways

HL-60 cells Kikuchi et al. (2013)

V0126 and SB203580 (lung cancer)

Wu et al. (2022b)

‘The OVCAR-3 human ovarian
adenocarcinoma cell line

Wang et al. (2014b)

Almatrood et al.
(2023)

Prostatic adenocarcinoma (PC-3) and
human prostate epithelial cells
(RWPEI)

H1299 lung cancer Pai et al. (2021)
D283, DAOY, BV2, and HT22

Lietal. (2022)

Non-small-cell lung cancer (NSCLC) = Wang et al. (2018)

‘The human fibrosarcoma HT1080 cells | Duan et al. (2011)

MCF-7 cells (breast cancer) Biswas et al. (2022)

RAW 264.7 cells Chang et al. (2017)
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Compound

Mechanism of action

Cell line(s)/animal
model (s)

References

Actin dynamics
pathways

Actin dynamics
pathways

Actin dynamics
pathways

Actin dynamics
pathways

Actin dynamics
pathways

Actin dynamics
pathways

Actin dynamics

pathways

Actin dynamics
pathways

Curcumin

Epi-gallocathechin-3-

gillate

Fisetin

Migrastatin

Resveratrol

silibinin

Quercetin

Wiskostatin

In vitro

In vitro

In vitro

In vitro

In vitro

In vitro

In vitro

In vitro

Curcumin inhibits lung cancer cell migration and
invasion by inhibiting the Rac1/PAKI signaling
pathway and MMP-2 and MMP-9 expression,
providing new molecular insights

EGCG reduced Rho A activation in dominant-
negative Rho A N19 cells and constitutively active
Rho A QG3E cells and inhibited the invasive ability
of the cells

Fisetin suppresses the survival and formation of
colonies and reduces the expression of P-gp in the
NCI/ADR-RES multidrug-resistant cancer cell
line, as well as inhibits cell proliferation, invasion,
and migration

Metastasis in a mice breast tumor model and a
human small-cell lung carcinoma model

Resveratrol promotes Rac activity in breast cancer
cells by expressing dominant-negative Cdc42 or
Rac and preserving filopodia responsiveness, so
Rac and Cdc42 may regulate actin cytoskeleton
signaling differently at low and high
concentrations

Silibinin impairs mitochondrial dynamics and
biogenesis, thereby reducing migration and
invasion of MDA-MB-231 breast cancer cells

Quercetin targets and pathways are seven proteins
(HMOXI, ACE, MYC, MMP9, PLAU, MMP3,
and MMP1) that can influence the JNK pathway,
glycolysis, and epithelial-mesenchymal transition
(EMT) that can regulate MMP9 expression

Integrin-dependent migration of NK cells
toward CXCLI12/SDF-land CX3CLI/fractalkine

Human lung cancer cells

Oral squamous-cell
carcinoma

Prostate cancer cells

A human small-cell lung
carcinoma (SCLC)

Breast cancer cells

MDA-MB-231 and MCF-7
cells

LoVo human colon cancer
cells

B1+/+, BI-GEP, B1-/-, and
B3/~ cells

Chen etal. (2014a)

Keiuk et al. (2023)

Mukhtar et al.
(2015)

Lecomte et al.
(o11)

Azios et al. (2007)

Si et al. (2020)

Zhou et al. (2023)

King et al. (2011)
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Compound

Mechanism of action

Cell line(s)/animal model (s)

References

Autophagy

Autophagy

Autophagy

Autophagy

Autophagy

Autophagy

Autophagy

Autophagy

Autophagy

Autophagy

Autophagy

Autophagy

Autophagy

Autophagy

Autophagy

Autophagy

Autophagy

Autophagy

Autophagy

Autophagy

Autophagy

Autophagy

Ampelopsin

Acacetin

Berberine

Baicalein

Cyanidin

Curcumin

EGCG

Isorhamnetin

Luteolin

Lupiwighteone

Kaempferol

Myricetin

Matrine

Parthenolide

Pelargonidin

Silymarin

Silibinin

Triptolide

Tocopherol

Resveratrol

Quercetin

Withanolides

In vitro

In vitro

In vitro

In vitro

In vitro

In vitro

Invitroand in vivo

In vitro

In vitro

In vitro

In vitro

In vitro

In vitro

Invitroand in vivo

Invitroand in vivo

In vitro

In vitro

In vitro

In vitro

In vitro

In vitro

In vitro

Ampelopsin can inhibit cell viability and
metastasis in RCC in a dose-dependent
‘manner by negatively regulating the PI3K/
AKT signaling pathway

Acacetin exerts inhibitory effects on the
invasion, migration, and
epithelial-mesenchymal transition (EMT) of
gastric cancer cells via the PI3K/Akt/Snail
pathway

Berberine had a substantial inhibitory effect
on the PI3K/AKT/mTOR signaling pathway
in BGC-823/DDP and SGC-7901/DDP cells
that were subjected to cisplastin treatment

‘The cell cycle modulation and ER activation
of gastric cancer cells by baicalein inhibited
cell growth, induced GO/G1 arrest, and
apoptosis. Baicalein inhibited the PI3K/AKT
pathway by activating BTG3, causing ER and
apoptosis

‘The proliferation of cervical cancer cells is
inhibited, and the PI3K/AKT/mTOR
pathway is downregulated by cyanidin and
cisplatin

‘The expression of critical genes and proteins
in the PI3K-AKT-mTOR signaling pathway
was downregulated by curcumin in inhibiting
the growth and progression of hepatocellular
carcinoma (HNC) and in modulating the
PI3K-AKT-mTOR pathway

‘The efficacy of EGCG in suppressing the
proliferation and migration of T24 and
5637 cells was demonstrated, providing
evidence that EGCG exerted its inhibitory
effects on cell proliferation and tumor
formation through the regulation of the
PI3K/AKT pathway

‘The proliferation of cells from all three cell
lines was inhibited by isorhamnetin, which
also induced cell cycle arrest at the G2/M
phase. This suppression of cell proliferation
was achieved through the inhibition of the
PI3K Akt mTOR pathway

‘The pretreatment of luteolin decreased the
activation of the PI3K-Akt pathway, which is
responsible for the reduction of E-cadherin
produced by TGE-p1

Lupiwighteone caused caspase-dependent
apoptosis (upregulation of caspase-3, -7, -8,
-9, PARP, and Bax) and caspase-independent
apoptosis which inhibited the PI3K/Akt/
mTOR signaling pathway (downregulation of
PI3K, p-Akt, and p-mTOR)

Kaempferol resulted in a reduction in cell
viability and the initiation of cellular
apoptosis and aging by downregulating the
PI3K/AKT and hTERT pathways

Myricetin inhibits the proliferation of four
colon cancer celllines by inhibiting the PI3K/
AkimTOR signaling pathway, which induces
cell death and autophagy. Additionally, 3 MA
suppresses autophagy, which induces
apoptosis in colon cancer cells treated with
myricetin

Matrine suppressed the proliferation of MCF-
7IADR cells, triggered apoptosis, and
counteracted the development of multidrug
resistance in breast cancer cells. This was
achieved via modulating the downstream
apoptotic components of the PISK/AKT
signaling pathway, resulting in a reduction in
the phosphorylation of AKT levels in the cells

Parthenolide has the potential to impede the
growth of lung cancer cells by blocking the
PI3K/Akt/FoxO3y signaling pathway
mediated by IGE-IR

Pelargonidin inhibits the PI3K/AKT/mTOR
pathway and decreases MMP2, MMP9,
N-cadherin, and VEGF protein expression
and also inhibits the PI3K/AKT/mTOR
pathway, preventing glioma vascularization
and metastasis

Si-SeNPs increased Bax/Bd-2, cytochrome ¢,
and caspase protein cleavage in AGS cels, which
is lirked to mitochondria-mediated apoptoss,
and irhibited PI3K/AKT/mTOR pathways were
substantally linked with autophagy and
apoptotic signaling in AGS cells

Silibinin demonstrates anticancer properties
via downregulating the actin cytoskeleton and
PI3K/Akt pathways, hence inhibiting the
growth and progression of bladder cancer

Triptolide decreased osteoclast bone
resorption and RANKL-induced
osteoclastogenesis, and PI3K-AKT-
NEATcl is a key downstream pathway of
RANKL-induced osteogenesis.

NEATcl overexpression and AKT
phosphorylation can mitigate this impact

Tocopherol-associated protein suppressed
tumors by downregulating PI3K/Akt
signaling, not cell-cycle arrest or androgen
receptor signaling, but lowered Akt activity by
inhibiting PI3K subunit interaction,
P110-p85

Resveratrol decreased the protein expression
levels of cyclin DI, cyclin E2, and

BCL2 apoptosis regulator, while increasing

BCL2-associated X and tumor protein ps3,
which regulate the cell cycle and apoptosis

‘The bioflavonoid quercetin inhibits the PI3K-
AK/PKB pathway in PTEN-null cancer cells
at pharmacologically safe concentrations,
suggesting it may treat carcinogenesis and
progression

Withanolides decrease the activity of kinases
like PI3K, PKB, mTOR, ERK1/2, and ARAF
while increasing DNA repair kinases and
modulating oncogenic pro-survival factors

Normal kidney cells HK-2 and human
RCC cells 786-0

MKN45 and MGC803 cells

BGC-823 and SGC-7901 cells

GC cells (HGC-27 and AGS)

Hela cells

Hypopharynx carcinoma (FaDu), tongue
carcinoma (SCC-9), and keratinocyte
(HaCaT) cell lines

Female BALB/c mice and T24 or 5637 cells

The human CRC cell lines, HT-29,
HCT116, and SW480

‘The lung adenocarcinoma A549

MCE-7, an estrogen receptor (ER)-positive
human breast cancer cell, and MDA-MB-

231, a triple-negative human breast cancer
cell

Hela cell

Four human colorectal cancer cell lines,
HT-29, HCT116, SW480, and SW620

MCF-7/ADR cell

Human NSCLC cell lines A549 and
H1299 cells; mouse subcutaneous
xenografts (male BALB/c nude mice)

Adult male Sprague-Dawley rats, the rat
glioma cell line C6 (FH0406), and HUVEC
(FH1122)

AGS gastric cancer cells

T24 and UM-UC-3 human bladder cancer
cells

Bone marrow mononuclear cells (BMMCs)

LNCaP, PC-3, DU-145, and RWPE-1 cells

The human colon cancer cell lines
DLD1 and HCT15

HCC 1937, which exhibits a homozygous
deletion of the PTEN gene, and T47D,
which possesses an intact PTEN gene

The AML cell lines that were used are
HL60, Kasumi-1, and P31/FUJ.

Zhao et al. (2021)

Zhang et al. (2022)

Kou et al. (2020)

Shen et al. (2023)

Liet al. (2021)

Borges et al. (2020)

Luo et al. (2018)

Li et al. (2014)

Chen et al. (2013a)

Shiau et al. (2022)

Kashafi et al. (2017)

Zhu et al. (2020)

Zhou et al. (2018)

Sun et al. (2020)

Tian et al. (2022)

Mi et al. (2022)

Imai-Sumida et al.
(2017)

Cui et al. (2020)

Ni et al. (2005)

Li et al. (2019)

Gulati et al. (2006)

Akhtar et al. (2020)
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ERK1/
2 MAPK

ERK1/
2 MAPK

ERK1/
2 MAPK

ERK1/
2 MAPK

Compounds

Astaxanthin

a-Mangostin

Arctigenin

Baicalein

Types of

study

In vivo

In vitro

In vitro

In vitro and
in vivo

Mechanism of action

Astaxanthin reduces NF-xB and Wt signaling
by reducing IKKp and GSK-3p activity. Analysis
of gene expression and docking interactions
showed that astaxanthin may block these
pathways by inactivating Erk/Akt

a-Mangostin inhibits the activation of
extracellular signal-regulated kinases 1 and 2
(ERK1/2), which are involved in the
downregulation of enzyme activity, protein, and
‘messenger RNA levels of MMP-2 and MMP-9

Arctigenin decreased MMP-9 activity and COX-
2 and MMP-3 protein expression and also
reduced the mRNA expression of metastatic
factors such as MMP-9, MMP-3, and COX-2 via
the mitogen-activated protein MAPK/

AP1 signaling pathway, which was examined to
determine its anti-metastatic mechanism

Baicalein decreases the levels of phosphorylated
MEKI and ERK1/2, but MEK overexpression
partially limits its anti-metastatic action,
decreasing the expression of MMP-2, MMP-9,
and u-PA and increasing the expression of
TIMP-1 and TIMP-2

Cell line(s)/animal model(s)

Male Syrian hamsters

MCF-7 human breast adenocarcinoma
cells

4T-1 mouse breast cancer cells

‘The human HCC cell line MHCC97H, an
orthotopic transplanted nude mouse
model of HCC metastasis

References

Kavitha et al.
(2013)

Hafeez et al.
(2014)

Lee et al. (2020b)

Chenetal. (2013b)

ERK1/
2 MAPK

ERK1/
2 MAPK

Curcumin

Cinnamaldehyde

In vitro

In vitro

Curcumin induces mitochondrial membrane
depolarization via MAPK, which regulates
anticancer effects by activating ERK1/2, SAPK/
JNK, P9ORSK, and c-Jun

Activated macrophages treated with
cinnamaldehyde showed lower mRNA
expression and secretion of IL-1p, IL-6, and
‘TNF-a, leading to anti-inflammatory effects by
decreasing ERK, JNK, and p38 MPAK
phosphorylation

JAR and JEG3 cells (human placental
choriocarcinoma cells)

The RAW 264.7 murine macrophage cell
line

Lim et al. (2016)

Kim et al. (2018)

ERK1/
2 MAPK

ERK1/
2 MAPK

ERK1/
2 MAPK

ERK1/

2 MAPK

ERK1/
2 MAPK

ERK1/
2 MAPK

ERK1/
2 MAPK

ERK1/
2 MAPK

Damnacanthal

Diosgenin

(-)-Epigallocatechin-
3-gallate

Licochalcone A

Paclitaxel (Taxol)

Quercetin

Resveratrol

Silibinin

In vitro

In vitro and
in vivo

In vitro

In vitro

In Vivo

In vitro

In vivo

In vitro and
in vivo

Treatment with caspase inhibitors and soluble
death receptors that activate p38 MAPK can
decrease apoptosis induced by damnacanthal,
which is mediated via TRAIL and TNF- a

Diosgenin suppressed the Raf/MEK/ERK
pathway, a downstream target of Akt,in ER+ but
not ER- BCa cells. Diosgenin inhibits cell
proliferation and induces apoptosis in ER+ and
ER- BCa cells by downregulating cyclin D1, cdk-
2, and cdk-4 expression, causing G1 cell-cycle
arrest

Berberine may increase cisplastin sensitivity by
reducing drug transporter expression

(MDRI and MRP1), increasing apoptosis, and
suppressing PI3K/AKT/mTOR and ERK/MAPK
signaling

‘The expression of TRAIL was stimulated by
licochalcone A through the activation of both the
ERK1/2 and p38 MAPK signaling pathways

ERK1/2 is activated in spinal cord and dorsal oot
ganglion (DRG) neurons, glia, and active brain
areas, and palitaxel has been shown to increase
DRG ERKI/2 activation

Quercetin has little effect on the ERK/MAPK
pathway; even ERK1/2 levels increased afier
docetaxel treatment. PKB, ERK1/2, and
STATS are proliferation and signaling mediators
and survival signals

Resveratrol affects SOD, catalase, and GPx in
hyperalgesia and rat paw skin and spinal cord.
Resveratrol affected ERK signaling but not
TNFR1

Inhibition of the ERK protein by silibinin
significantly decreased the mitochondrial
membrane potential, releasing cytochrome C.
Cholangiocarcinoma cells died once downstream
apoptotic mechanisms were activated

SKHep 1 cells

MCF-7 (ER+), MDA 231 (ER-), and
MCEF-104; female nude mice as xenograft
study models

BGC-823 and SGC-7901 cells

Normal human oral keratinocytes
(hNOKs)

Adult C57/BL6] mice

MDA-MB-231 breast cancer cell line

Charles Foster strain rats

BALB/c nude mice and HuCCT-1 and

CCLP-1, two human cholangiocarcinoma
cell lines

Lin et al. (2011)

Srinivasan et al.
(2009)

Wu et al. (2019)

Park et al. (2015)

Kim et al. (2023)

Safi et al. (2021)

Singh and Vinayak
(2017)

Bai et al. (2022)
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Target

TNE
signaling

Compound

Anacardic acid

In vitro

Mechanism of action

Anacardic acid resulted in decreased

HaCall cell viability and increased cell
apoptosis and also limited TNF-a-mediated

inflammatory responses and downregulated
the NE-B signaling axis

Cell line(s)/animal model (s)

HaCaT cells

References

Liu et al. (2024)

TNF
signaling

TNE
signaling

Apigenin

Butein

In vitro

In vitro

Apigenin prevents SCC25 and A431 cell

growth and induces cell cycle arrest in the
G2/M phase. It also induces cell apoptosis
via TNF-R-, TRAIL-R-, and Bel-2-mediated

caspase in SCC25 cells

The impact of butein on TNF-a-induced
adhesion molecule production in human
lung epithelial cells and its molecular
‘mechanism. Butein decreased TNF-a-
induced ICAM-1 and VCAM-1 expression,
monocyte adhesion, and ROS generation
via inhibiting NF-kB, MAPK, and Akt
signaling pathways

SCC25 cell

Human lung epithelial A549 cells and
human monocyte leukemia U937 cells

Chan et al. (2012)

Jang et al. (2012)

TNF
signaling

Carnosol

In vitro

TNF-a-induced protein production of
ICAM-1, VCAM:-1, and E-selectin was
reduced by carnosol

Human umbilical vein endothelial cells
(HUVECs)

Yao et al. (2014)

TNF
signaling

TNE
signaling

TNE
signaling

Catechin

Gallic acid

Genistein

In vitro

In vitro

In vitro

Catechin exhibits potential as a therapeutic
agent by mitigating the inflammatory
response induced by TNF-k via signaling
pathways implicated in inflammation and
cytokine activity

Gallic acid induces aHSC necroptosis via
TNF signaling, and oxidative stress can
lead to TNF-a generation, leading to
necroptosis signaling and necrosome
formation (RIP1, RIP3, and caspase-8
inactivation)

‘The apoptotic effects of genistein on tumor
necrosis factor-a (TNF-a)-induced
proliferation in human aortic smooth
muscle cells (HASMCs)

T3-L1 preadipocytes

Primary hepatic cells (HCs) and hepatic
stellate cells (HSCs)

Human aortic smooth muscle cells
(HASMCs)

Cheng et al. (2019)

Chang et al. (2015)

Kim et al. (2010)

TNF
signaling

Hesperitin

In vivo

Hesperetin suppresses NE-KB activation,
which drives inflammation and produces
pro-inflammatory cytokines like TNF-a, IL-
1, and IL-6, leading to anti-tissue injury
activity

Male Swiss mice

Zaafar et al. (2022)

TNF
signaling

TNE
signaling

Luteolin

Piceatannol

In vitro

In vitro

Luteolin inhibits TNFa-induced
apoptosis by inhibiting NF-kB activation,
suppressing activation of antiapoptotic
genes like A20 and c-IAP1, and
enhancing and prolonging JNK
activation

Piceatannol prevented TNF-induced IkBa
phosphorylation, p65 phosphorylation,
P65 nuclear translocation, and IxBa
kinase activity, but did not affect IxBa
degradation

Colorectal cancer COLO205 and
HCT116 cells and cervical cancer Hela
cells

Leukemic cell line KBM-5

Shi et al. (2004)

Ashikawa et al. (2002)

TNF
signaling

Quercetin

In vitro

Quercetin partially inhibited extracellular
regulated kinase, ¢-jun amino-terminal
kinase, and reactive oxygen species,
reducing COX-2 levels

‘The human hepatoma cell line (HepG2)

Granado-Serrano et al.
(2012)

TNF
signaling

TNF
signaling

Resveratrol

Xanthohumol

In vitro

In vitro

Resveratrol, like BMS-345541, inhibited
TNE-p-induced NF-xB-mediated gene

biomarkers for proliferation, apoptosis, and
invasion

Xanthohumol boosts TRAILs apoptosis and
cytotoxidty in prosate LNCaP cancercells and
‘may induce apoptosis by activating caspases-3,
-8, -9, Bid, Bax, Bel-xL, and mitochondria
potential in LNCaP cells

The human colon cancer cell line
(HCT116)

Human prostate cancer LNCaP cell line

Buhrmann et al. (2019)

Kiosek et al. (2016)
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Target

Compound

Types of
study

Mechanism of action

Cell line(s)/animal
model(s)

References

Death receptor
pathways

Death receptor
pathways

Death receptor
pathways

Death receptor
pathways

Death receptor
pathways

Anthraquinone

Allicin

Aspalathin

Arctigenin

Baicalein

In vitro

In vitro

In vitro
vivo

In vitro

In vitro

and in

Anthraquinone can downregulate
various cell survival proteins and
induce cell surface expression of both
TRAIL receptors, death receptors
(DR) 4 and 5, as well as inhibit
X-linked apoptotic proteins by SIRNA

Allicin reduced cell viability,
proliferation, and migration in

A549 cells and induced apoptosis and
autophagy via ROS buildup and §/G2-
M phase arrest in normoxia and
hypoxia

Aspalathin impacts lipid metabolism,
insulin resistance, inflammation, and
apoptosis by modulating key
regulators (Adipog, Apob, CD36,
Cpt1, Ppary, Srebfl/2, Scdl, VidIr,
Igfl, Aktl, Pde3, and Map2k1)

Arctigenin inhibits the mTOR
pathway in ERa-positive human
breast cancer cells MCE-7, resulting in
autophagy-induced cell death and
downregulation of ERa expression

Baicalein inhibits cell growth and
death. Baicalein decreased cyclin

B1 and phospho-CDC2 (Thr161) and
enhanced G2-M. CDC2 kinase or
€DC25 phosphatase inhibitors
increased baicalein-induced
cytotoxicity

Human HCC cell line HepG2

Human NSCLC cell lines A549
(adenocarcinoma) and NCI-H460
(large-cell carcinoma)

Male C57BLKS/) homozygous
Leprdb/db mice and embryonic
ventricular rat heart-derived
HOc2 cardiomyoblasts

MCF-7 and MDA-MB-231 human
breast cancer

‘TSGH8301 and BFTC905 cells

Subramaniam et al.
(2013)

Pandey et al. (2020)

Johnson et al. (2017)

Maxwell et al. (2018)

Chao et al. (2007)

Death receptor
pathways

Death receptor
pathways

Death receptor
pathways

Bis-eugenol B

Britanin

Curcumin

In vitro

In vitro
vivo

In vitro

and in

Bis-eugenol B signals cell death by
downregulating Bel-2 and
upregulating Bax, which regulates
MMP and releases cytochrome ¢ from
the mitochondria to the cytoplasm

‘The migration ability of tumor cells
was significantly weakened after
treatment with britanin through
inhibiting p6S protein expression and
decreasing the Bcl-2/Bax ratio

The extrinsic death receptor pathway
is activated by curcumin, leading to
cell apoptosis in chondrosarcoma.
“This process is mediated by the actions
of curcumin, which result in an
increase in p53 expression

Prostate cancer cells (PC3) and
normal prostate cells (RWPE-)

EL 7402 and HepG2 cells; a BEL
7402-luc subcutaneous tumor model

‘The human chondrosarcoma cell line
Jj012

Abbaspour Babaei et al.
(2017)

Li et al. (2020)

Lee et al. (2012)

Death receptor
‘pathways

Death receptor
pathways

Death receptor
pathways

Death receptor
pathways

Death receptor
pathways

Celastrol

Casticin

Dehydrocostus lactone

Eupafolin

Epigallocatechin gallate
(EGCG)

In vitro

In vitro

In vitro

In vitro

In vitro

Celastrol increases Fas, death domain-
associated Fas, TNRSF 1A, and 10B,
and death domain-associated
'TNFRSFIA and reduces the
mitochondrial membrane potential
dose-dependently

Casticin can induce apoptosis through
the activation of caspase-3, -8 and -9;
moreover, casticin inhibits the growth
of HCC cells regardless of the

P53 status

Causes G2/M cell-cycle arrest and
morphological alterations; increases
caspase-3/7, cleaved caspase-3, and
PARP function; and decreases
ABCBI/MDRI and ABCG2/
BCRP1 expression

Eupafolin dose-dependently caused
apoptosis, as shown by DNA
fragmentation and annexin V-positive
cells. Eupafolin also activated
caspases-3, -6, -7, -8, and -9 and
cleaved their substrates, such as poly
(ADP-ribose) polymerase and lamin
AlC

EGCG promotes poly (adenosine
diphosphate-ribose) polymerase
(PARP) cleavage and induces caspase-
8 activation by increasing the
expression of death receptor 5 (DR5)
at the protein and mRNA levels

Human NPC cell lines HONE-1 and
NPC-039

PLC/PRE/5 (pS3 mutant) and Hep
G2 (p53 wild-type) human HCC cells

SW-985, SW-872, and TE-671

Cervical adenocarcinoma HeLa cells

SW480 and HCT116 cells

Lin et al. (2017)

Yang et al. (2011)

Kretschmer et al. (2012)

Chung et al. (2010)

Kwon et al. (2020)

Death receptor
pathways

Evodiamine

In vitro

Evodiamine increased cyclin B1 and

decreased B-cell lymphona/lewkmia-
2 (Bel-2) and increased Bacx to cause
G2/M arrest and cell death

Human ovarian cancer cells HO-
8910PM

Wei et al. (2016)

Death receptor
pathways

Fisetin

In vitro

Fisetin stops autophagic cell death
from occurring by blocking mTORCI
expression

Human CaP cell lines PC3, DU145.
and LNCaP

Jia et al. (2019)

Death receptor
pathways

Death receptor
pathways

Death receptor
pathways

Death receptor
pathways

Death receptor
pathways

Kaempferol

Luteolin

Rhodomyrtone

Shikonin

Thiosulfinates

In vitro

In vitro

In vitro

In vitro
vivo

In vitro

and in

Kaempferol-induced apoptosis and
P53 upregulation did not involve
Chk2. Extrinsic apoptosis was induced
by kaempferol via death receptors/
FADD/caspase-8

Luteolin significantly increased DRS,
Bel-2-interacting domain cleavage,
and caspase-8, -10, -9, and

-3 activation. Reducing

DR expression with siRNA also
reduced luteolin-induced caspase
activation and apoptosis

Rhodomyrtone suppressed FAK and
serine/threonine AKT, Ras, RhoA,

Racl, and Cde2 phosphorylation and
lowered MMP-2 and MMP-9 protein
and enzyme activity in SW1353 cells

Cells treated with 3-MA and shikonin
showed enhanced expression of
cleaved PARP, caspase-3, and RIP1,
suggesting that autophagy protects
cells

Thiosulfinates increase Bid cleavage,
showing that caspase-8-mediated
apoptosis activates caspase-9.
Thiosulfinates decreased Bel-2

expression and increased Bax
expression

Human ovarian cancer A2780/
CP70 cells

Human malignant tumor cells

Human chondrosarcoma
SW1353 cells

A549 human lung cancer cells; 5-6-
week-old BALB/c athymic nude mice

HT-29 human colon cancer cells

Gao et al. (2018)

You et al. (2019)

Tayeh and
Watanapokasin (2020)

Kim et al. (2017)

Guillamén et al. (2023)

Death receptor
pathways

Xanthone

In vitro

Xanthone extract or nanoemulsion
can halt the cell cycle at the § phase in
HepG2 cells, causing a larger
proportion of late apoptotic cells and
increased caspase-3, caspase-8, and
caspase-9 activity

HepG2 cells

Liet al. (2023)
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ype Mechanism of Linc00467 par Qutcome Reference

Liver cancer Deregulation of PPARA/NEDD9 by inhibition of miR-9-5P/miR-18a-5p expression promote (33)
Lung cancer Targeting miR-4779, miR-7978; adsorption of miR-20b-5p and derepression of CCNDI by miR-20b-5p promote (34, 35)

Cervical carcinoma Targeting miR-107 to promote KIF23 expression promote (36)

Prostatic cancer Acting on miR-494-3 promotes STAT3 expression promote (32)

PPARA, Peroxisome Proliferator-Activated Receptor-Alpha; NEDD9, Neural Precursor Cell Expressed, Developmentally Down-regulated 9; CCND1, Cyclin D1 is a Protein Coding gene; KIF23,
Kinesin Family Member 23; STAT3, Signal Transducer and Activator of Transcription 3.





OPS/images/fphar-15-1387866/fphar-15-1387866-g001.gif





OPS/images/fphar-15-1387866/fphar-15-1387866-g002.gif





OPS/images/fphar-15-1387866/fphar-15-1387866-g007.gif





OPS/images/fphar-15-1387866/fphar-15-1387866-g008.gif
© Activation
© Deactivation "§ Phytochemical

Plasma Membrane

Anieprotferatin |
© artangiogonests |






OPS/images/fonc.2024.1481777/crossmark.jpg
©

2

i

|





OPS/images/fphar-15-1387866/fphar-15-1387866-g005.gif





OPS/images/fonc.2024.1481777/fonc-14-1481777-g001.jpg
Normal prostate

Luminal cell

Basal cell

Nenuroendocrine P21

“l NXTAR
HOTAIR

anetic

ARl 427

LINC00675 |f[TTTY15
HOTAIR NONHSAT
H19 P21 PCBP1-AS1 ||| PTTG3P
LINC00844 LBCS UIM-AST
LINC00689 MALAT1 SNHG4 Luminal cell

ADT

] |

7
\

Luminal cell

AR(+) prostate cancer

LINC00261

Enzalutamide

Basal cell

Basal cell

Nenuroendocrine

cell .
Nenuroendocrine

cell





OPS/images/fphar-15-1387866/fphar-15-1387866-g006.gif





OPS/images/fonc.2024.1481777/fonc-14-1481777-g002.jpg
MERIA R LINC00844

F ¥
A9 /'/
N P
N N R 1
& il ; \\ /"E”‘E"HFV
S l// ;’ //) i// é N D G
VAN s
( o Gt o
& e /'\5717\/ Yoo
= LA o L
N o
| g,
J R g 1
i} 1
N 1
A 1
\\ 1
S 1
Y 1
Y
N 1
o
N I

InCRNA-p21 H3K27me3

W hucleus

sTAT3 4

Qe

LINC00261

I[[ﬂ J]I[ miR-8485

mMiR-496
m Yy L.
% — o oy, ' Q&T —
LINC00689 ety

CTNNB1





OPS/images/fphar-15-1387866/crossmark.jpg
©

|





OPS/images/fonc.2024.1481777/table3.jpg
cal T

LID Target Poi Phase Enrollment Completion Date Reference

NCT01799278 MYCN-AURKA

I 60 2018.01 (73)
NCT00676650 FOXA2-KIT i} 873 2013.02 (74)
NCT04702737 AMG757 1 = 2024.03 (78)
NCT01468532 SSTR 5-AS1 1 18 2021.03 (88)

Y20180831 SNHG3 = 50 - (89)
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LncRNAs Pathway Enzalutamide Resistance Outcome  Reference

TTTY15 Molecular sponge adsorption of miRNA-let-7 promote (64)
NONHSAT miR-21-5p/YODL signaling pathway promote (65)
PTTG3P Competitive binding to miR-146a-3p upregulates PTTG1 promote (66)
VIM-AS1 VIM-AS1/IGF2BP2/HMGCS1 Axis promote (69)

SNHG4 let-7a/RREBI positive feedback and ceRNA network promote (70-72)

miRNA-let-7, A non coding microRNA called let-7; miR-21-5p, One of the members of the microRNA family; YOD1, Ubiquitin thioesterase OTU1; miR-146a-3p, One of the members of the
microRNA family; PTG, Pituitary tumor-transforming gene-1; VIM-AS1, Long non coding RNA vimentin antisense RNA1; IGF2BP2, growth factor 2 mRNA binding protein 2; HMGCS1, 3-
hydroxy-3-methylglutaryl-CoA synthase 1; RREBI, ras responsive element binding protein 1; ceRNA, competing endogenous RNAs.
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