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Abstract

MAPK (mitogen-activated protein kinase) or ERK (extracellular-signal-regulated kinase) pathway is an important link in
the transition from extracellular signals to intracellular responses. Because of genetic and epigenetic changes, signal-
ing cascades are altered in a variety of diseases, including cancer. Extant studies on the homeostatic and pathologic
behavior of MAPK signaling have been conducted; however, much remains to be explored in preclinical and clinical
research in terms of regulation and action models. MAPK has implications for cancer therapy response, more specifi-
cally in response to experimental MAPK suppression, compensatory mechanisms are activated. The current study
investigates MAPK as a very complex cell signaling pathway that plays roles in cancer treatment response, cellular
normal conduit maintenance, and compensatory pathway activation. Most MAPK inhibitors, unfortunately, cause
resistance by activating compensatory feedback loops in tumor cells and tumor microenvironment components.

As a result, innovative combinatorial treatments for cancer management must be applied to limit the likelihood of
alternate pathway initiation as a possibility for generating novel therapeutics based on incorporation in translational
research. We summarize current knowledge about the implications of ERK (MAPK) in cancer, as well as bioactive prod-
ucts from plants, microbial organisms or marine organisms, as well as the correlation with their chemical structures,
which modulate this pathway for the treatment of different types of cancer.

Keywords: Cancer, MAPK (ERK), Ras signaling, Ras oncogenes, Molecular mechanisms, Natural bioactive compounds,
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Introduction

Cancer is the abnormal and anarchic development of
cells, with the potential to invade or spread to various
parts of the body [1, 2]. Cancer can occur in any part
of the body, and cancer cells can invade other organs
in different ways (neighbourhood invasion, hematog-
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general life expectancy for patients [6, 7]. Each cancer
type can be subdivided now based on mutations of sev-
eral genes with the aid of advances in molecular diag-
nostics [8—10], indicative of the molecular patterns that
are malfunctioning. Consequently, this allows effec-
tive intervention with tailored treatments by block-
ing certain biological processes of tumor cells which
allows effective interference with targeted therapeutics
by impeding specific biological pathways of tumor-
infected cells [9, 11]. Cancer is frequently associated
with the number of mutations that interrupt the key
signaling pathways [12-14]. Cellular signaling path-
ways are organized as modular networks that com-
municate in real-time [15, 16]. Pathway components
work together in a switch-like fashion, with interac-
tions between two proteins that result in either indi-
rect or direct inhibition or activation of the next factor
[17-20]. The pathogenesis of numerous signaling path-
ways is maintained by transcriptomic, epigenetic, and
genetic changes [21, 22].

Nowadays, molecular diagnostic tools became more
widely available in clinical settings and that help identi-
fies specific mutational patterns of cancer [23, 24]. Sub-
sequently, this condition becomes an effective method
for identifying patients with similar alterations, which
was used to determine effective treatment modules [22,
25, 26]. Despite this progress, resistance to cancer ther-
apy remains the main issue i.e., common side effects in
patients who have received first-line treatment. Targeted
therapy, which employs a variety of small molecules that
play a role as inhibitors for the key signaling stages, can
result in resistance in a few instances even from first
doses. Resistance develops as a consequence of tumor
cells being positively designated for mechanisms that can
compensate for the specifically targeted pathway [18, 27,
28].

Cancer cells have a low dependence on external pro-
liferative stimuli and often do not need such stimulation
to multiply; through the mutations of some oncogenes,
these cells acquire a proliferative autonomy, producing
their mitogenic signals [29]. One of the key character-
istics of cancer cells is probably their ability to perma-
nently stimulate their growth and proliferation [30]z. To
understand this property, it is useful to remember that
normal cells need the growth and division of external
mitogenic signals (mainly represented by growth factors),
produced (in a diffusible form) by other cells (paracrine
signaling). These molecules (ligands) bind to specific
transmembrane receptors, which, after activation, trans-
mit the signal—through branched intracellular signaling
pathways—to the nucleus, triggering division. The whole
process is regulated by negative feedback mechanisms,
which attenuate excessive proliferative signaling (make
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it transient) and, if it persists, induce cell senescence and
apoptosis [31].

Cancer cells have a low dependence on external pro-
liferative stimuli and often do not need such stimulation
to multiply; through the mutations of some oncogenes,
these cells acquire a proliferative autonomy, producing
their mitogenic signals [24, 32]. The major strategies used
by tumor cells to achieve proliferative independence are
as follows:

+ Production of their growth factors, to which they
respond by proliferation (autocrine signaling) (for
example, TGF-« in sarcomas) [33]

+ Disorder of growth factor receptors, which trans-
duce proliferative signals inside the cell; Disorder
involves either overexpression of receptors in many
cancers (e.g., amplification of the HER2/neu recep-
tor in about 30% of breast cancers or EGFR in non-
small cell lung cancer) or alteration of their structure,
which results in receptor activation and therefore
signaling, without ligand (for example, truncated ver-
sion of EGF receptor) [34].

«+ Alteration of the components of cytoplasmic sign-
aling pathways, which produce a flow of mitogenic
signaling without their stimulation by receptors; for
example, the mitogen-activated protein kinase path-
way, which consists of RAS— RAF—- MEK—M
APK— ERK— FOS proteins, plays a central role in
about 25% of human cancers [35].

In addition to their ability to intensely stimulate their
growth and proliferation (by activating oncogenes), can-
cer cells are insensitive to signals that could stop cell divi-
sion. In normal tissues, multiple antiproliferative signals
act, external or internal, which maintain tissue homeo-
stasis [36]. Exogenous inhibitory signals—either soluble
(TGF-B) or embedded in the extracellular matrix and
the surface of neighbouring cells (by cadherin-like adhe-
sion molecules, which cause “contact inhibition”) 2—are
received by transmembrane receptors coupled with intra-
cytoplasmic circuits. signaling, which blocks cell division.
Cells move from the postmitotic G1 stage to the resting
GO phase, from where they can return to the cell cycle—
when conditions allow—or permanently give up division
and differentiate into specific cells [37].

Complex like MAPK is one compound that linked
signaling cascade with frequent participation in tumor
development, oncogenesis, and resistance of the drug
[38, 39]. The MAPK family includes a large number of
kinases that are altered in cancer and for which several
targeted therapies have been developed [40]. Resistance
to MAPK inhibitors is a current issue, owing to the
high degree of interactions and perhaps compensating
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responses. Thus, in this review, we look at the many Review methodology

repercussions of MAPK pathways in cancer, with a  This review has been based on the use of several data-
specific emphasis on tumor signaling regulation via bases such as PubMed/Medline, Web of Science, TRIP
MAPK interaction with critical signaling pathways in  Database, and Up-to-Date using for searching the next
pathological situations [8]. The current review will con- MeSH terms: “Antineoplastic Agents/pharmacology’;
centrate particularly on the pathways of the canonical “Biological Products/chemistry’; “Biological Products/
primary signal transduction depicted in Fig. 1. therapeutic use”, “Cell Line, “MAP Kinase Signaling
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Fig. 1 Diagram with involved canonical ERK pathways in primary signal transduction and their associated cellular processes
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System/drug effects’, “Extracellular Signal-Regulated
MAP Kinases/metabolism’, “Mitogen-Activated Pro-
tein Kinase Kinases/antagonists and inhibitors”, “Mito-

gen-Activated Protein Kinase Kinases/metabolism’,
“Neoplasms/drug therapy’, “Neoplasms/metabolism’,
“Neoplasms/pathology’,  “Plants/chemistry’,  “Proto-

Oncogene Proteins p21(Ras)’, “Signal Transduction/drug
effects”, “Ras Proteins/antagonists and inhibitors”, “Ras
Proteins/genetics’, “Ras Proteins/metabolism’, “Xenograft
Model Antitumor Assays”

The study included papers published in English that
contained molecular pharmacological data on the anti-
cancer action of the phytochemicals mentioned in our
study, studies with broad therapeutic perspectives of
application, and studies with a high rate of citations.
Studies published in languages other than English, stud-
ies without obvious pharmacological mechanisms, and
studies that included homeoopathic preparations as com-
plementary treatment were excluded.

Ras-ERK and natural bioactive compounds

in chemotherapy and chemoprevention:
structure—activity relationship and experimental
evidence

Phytochemicals and similar derivative compounds have
been shown to play an essential role as cancer treatment
agents [2, 41-43]. The majority of protein kinase inhibi-
tors found in plants are flavonoids, which are polyketides.
Anthraquinones and anthrones, which contain repre-
sentatives such as hypericin and emodin, are also part of
this chemical group. Both compounds have been shown
to inhibit protein kinases like CK2 and p65Ick [44]. With
alkaloids, most of the flavonoid group are valuable “folk
medicine” effective for a variety of ailments other than
cancer. However, even when proved to be beneficial in
the treatment of cancer, various mechanisms other than
intervening with protein kinases have been reported [45,
46].

The extracts of wine polyphenol inhibit the cell cycle
progression, cause apoptosis via the caspase activation,
and alter the activity of the metalloproteinase (MMP)
enzyme. Resveratrol, which is stilbene present in lots
of foods including red wine grapes, is thought to pro-
vide several health advantages. Protein kinases includ-
ing MEK/ERK1/2, AKT, RAF, JNK and CamKK, have
been demonstrated to be inhibited by it. As a result,
it is tempting to infer that the reported “anticancer
effects” are due to interfering with the different pro-
tein kinases. However, considering the modest levels of
resveratrol absorbed by wine intake, this may be more
apparent than genuine. Even consuming the ultra-pure
resveratrol component should not be enough to have a
discernible influence on the activity of cellular protein
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kinase. Furthermore, considering the relatively high
number of distinct protein kinases that are affected by
resveratrol, it is impossible to rule out unfavourable
side effects when significant doses are used.

A similar argument may be made for the other natu-
ral chemicals discussed in this review. An example: sec-
ondary metabolites include alkaloids, which are mostly
constituted of nitrogen and are commonly employed
in medicine [47]. Alkaloids are one of the most diverse
classes of natural chemicals, with over 12,000 known
structures. The ability of the secondary plant metabo-
lites to inhibit the expression of both non-coding and
coding genes is then used to modulate a variety of cel-
lular pathways, including MAPK [48, 49]; Table 1 con-
tains several examples.

For the suppression of cell proliferation in pancreatic
cells, the NF-kB and MAPK survival pathways were
empirically suppressed using CAPE (caffeic acid phene-
thyl ester) and U0126. CAPE only activated the apopto-
sis mechanism after autophagy was inhibited [48, 50];
in MIAPaCa-2 cells, this occurred in a caspase-depend-
ent fashion, but in PANC-1 cells, it occurred in a cas-
pase-independent mode [51]. CAPE is a complicated
therapeutic agent that affects not only programmed cell
death but also angiogenesis and EMT pathways [52].
Furthermore, this study emphasizes the significance of
selecting the appropriate cell culture model and under-
standing the characteristics of the cell lines to collect
meaningful results [51].

Apigenin, a flavonoid is another chemopreventive
drug that suppresses the development of choriocarci-
noma cells by regulating the ERK1/2 MAPK and PI3K/
AKT signal transduction mechanisms. The presence of
ERK1/2 inhibitors and PI3K/AKT inhibitors enhances
these effects [53].

Kaempferol, another flavanol, has been linked to
angiogenesis inhibition by affecting HIF-1 and VEGFR2
in endothelial cells via a process involving PI3K/AKT/
mTOR and ERK/p38. Endothelial cells were treated
with kaempferol in combination with a p38 inhibitor
(SB203580) or an ERK inhibitor (PD98059), and the
therapeutic effectiveness of kaempferol was found to be
enhanced [88].

Coumestrol, phaseol, and isotrifoliol have been
shown significant anti-inflammatory effects on LPS
(Lipopolysaccharide)-induced RAW?264.7 mac-
rophages, mostly via TLR/MAPK signaling and TLR
(Toll-like receptors)/NE-kB [89]. Coumestrol, a phy-
toestrogen, inhibits cell proliferation through mod-
ulating MAPK-related genes and an AKT-related
compensatory mechanism [54]. Quercetin, a flavonol
molecule found in high concentrations, has been shown
to inhibit choriocarcinoma growth by interfering with
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Table 1 Some examples of naturally occurring biologically active compounds to regulate the MAPK in parallel with another
associated pathway involved in cancer invasion and progression
Natural compounds Type of cancer Preclinical Model Molecular targets Effects Refs.
o In vitro/cancer cell lines
|
HO
D/\)\my\ ester (CAPE)4+U0126  Pancreatic ductal ~ PANC-1 1 NF-«kB J Cell growth, 1 Apoptosis [51]
HO adenocarcinoma  MIAPaCa-2 1 MAPK (PANC-1 caspase-independ-
) ent mode and MIAPaCa-2
O caspase-dependent)
O I Choriocarcinoma  JEG3 | ERK1/2 J Migratory capacity [53]
' JAR 1 PI3K/AKT |} Cell viability, tapoptosis
d O Prostate cancer LNCaP J Phosphorylation of AKT J Cell proliferation [54]
PC3 proteins Jmigration
1 Phosphorylation f POORSK,  tapoptosis
INK,
ERK1/2, p53
o o Choriocarcinoma  JEG3 4 Phosphorylation of p38, |} Proliferation [55]
OH JAR JNK, ERK1/2, and P9ORSK J Invasion
proteins J Cell-cycle progression
oH | Phosphorylation of
o P70S6K, AKT, S6
Endometrial EBM-2 J VEGFR2 J Angiogenesis [56]
Malignant trans- ~ HUVECs | HIF-1a proteins
formation | Phosphorylation of and
< O p38, | ERK, | Akt
|
O Melanoma B16F10 1 ERK, | p38, | JNK, } Cells growth [57]
! H J Phosphorylation of J Cells migration
tensin-2, |, FAK, | paxillin, |
N m\ vinculin
TN oy Endometrial RL-95-2 4 Phosphorylation of S6 only |, Cellular proliferation [58]
cancer ECC-1 cells in RL-95-2 cells J Cell-cycle arrest in G2
| 1 Phosphorylation of the phase
HO A p42/44 in both cell line 4 Apoptosis
|
g\ T-cell acute Jurkat (glucocorticoid resist- 1 p38-MAPK 4 Autophagy [59, 60]
lymphoblastic ant) and T-ALL cell lines, Molt-4 |, Akt/p70S6K/mTOR/4E-BP1 1 Apoptosis
leukemia (glucocorticoid resistant)
Osteosarcoma MNNG, MG-63, Saos-2, U-20S 1 p38 4 Autophagy [61]
1 Apoptosis
Lung cancer A549 1 ERK, {p-JNK, Targeting drug resistance via  [62]
JP-ERK, 1 p38, LINK, P-glycoprotein
no effect on p-p38 (P-gp)/MDRI1-association
Lung cancer H1975 and A549 cells 1 Snail, | TGFB1, Prevents TGFB1-induced [63]
| Phosphorylation of ERK EMT and invasion, migration,
and adhesion
Cervical cancer Hela cells 4 Fas, 1 phospho-JNK, 1 p53, | Cellular proliferation [64]

1 phospho-p38,
4 Bax, | PARP, | mTOR, |
Bcl-2

1 Apoptosis
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Table 1 (continued)
Natural compounds Type of cancer Preclinical Model Molecular targets Effects Refs.
In vitro/cancer cell lines
Baicalein Hepatocellular HepG2cell xenograft in 1 MEK1 4 Intrinsic apoptosis [65]
carcinoma nude mice | Bad
L ERK1/2
Laryngeal cancer  TU212 cell 1 RAS J Cell migration [66]
| RAF | Proliferation
" L ERK1/2
Naringenin Prostate cancer LNCaP and PC3 cells 1 p38 ERK1/2, 4 Apoptosis, 1 ROS [67]
©/ o 1 S6, ) P70S6K, | JNK | Proliferation
HC \Q/\'g J Migration
OH O
Silibinin Hepatocellular Bel-7404 xenografts in nude Combined treatment with |} Proliferation [68, 69]
@° = ow carcinoma mice the sorafenib 4 Apoptosis
e O oj\©[°\ Bel-7404 |} Phosphorylation of ERK,
oH oH STAT3, AKT, MAPK p38
Taxifolin Skin cancer skin carcinogenesis mouse |} Phosphorylation of p38, J Tumor incidence, [70]
model, EGFR, ERKs, JNKs J Multiplicity in a solar UV
JB6 (SUV)-induced skin carcino-
Pp mouse skin epidermal cells genesis
H
Delphinidin Osteosarcoma HOS, U20S, | Phosphorylated forms } Cell migration [71]
MG-63 cells of p38 J EMT
| ERK } Cellular proliferation 4
Apoptosis
Parthenolide Non-small cell GLC-82 cells 1 c-Myc, | B-Raf, J Invasion [72,73]
lung cancer | Phosphorylation of Erk, | Proliferation
MEK, 4 Apoptosis
Oridonin Esophageal KYSE-150 ¢ | Ras/Raf/MEK/ERK J Tumor angiogenesis [74]
cancer xenograft KYSE-150 cancer J EGFR-mediated PI3K/AKT | Angiogenesis-marker
nude mice CD31
1 Apoptosis
Lung and pancre-  p34, H1299, 1 Erk1/2 J Survival of cancer cell [75]
i atic adenocarci- ~ PC-14, Pancl | COX-2, | EGFR 4 Apoptosis

noma
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Table 1 (continued)

Natural compounds Type of cancer Preclinical Model Molecular targets Effects Refs.
In vitro/cancer cell lines
Licochalcone A Human BGC-823 1 INK, 1 ERK, 4 Oxidative stress [76]
z gastric cancer 1 p38 MAPK 1 Apoptosis

HO OoH
I z I
o o
-

Pterostilbene Breast cancer MCF-7 J Akt, | ERK1/2 1 Apoptosis [77]
oM MDA-MB-231 | Proliferation
\
2
o—
Arctigenin Gallbladder GBC-SD, NOZ GBC-SD | EGFR, | p-b-Raf, 4 Cancer [78]
o= cancer | p—c-Rafp-MEK, | ERK, | senescence
O,QH@OH MEK, | p-AKT, JAKT
/
—0 o e
a-mangostin Cervical cancer SiHa and Hela cells and xeno- 1 p-ASK1, p-p38 4 Apoptosis [79]
graft model p-MKK3/6
Pro-tumorigenic ~ RAW 264.7 cells 1 p38, LERK, | NF-kB | Proliferation [80]
inflammation
Azaspirene Renal carcinoma  Renal carcinoma xenograft | Raf-1 J Angiogenesis [81]
model HUVEC
Rocaglamide Leukemia Jurkat leukemic cells J Raf-MEK-ERK Targeting prohibitin 1and 2 [82]
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Table 1 (continued)

Natural compounds Type of cancer Preclinical Model Molecular targets Effects Refs.

In vitro/cancer cell lines
-783277 Human pancre- PSN1 | Phosphorylation of Ras- | Proliferation [83]
oH atic cancer dependent MAP kinase
_o e
HO
o ¥
OH O
Magnolin Non-small cell NCI-H1975 1 ERKs/RSK2 JNF-«B [84]
14<j>_ lung carcinoma A549
HO ~ OH
Tomatidine Sarcoma HT1080 J ERK J p38, | ERK [85]
1 p38 J Modulation of gelatinase
Ho
Catechol Lung cancer H460 J ERK2 4 c-Myc degradation |, ERK2  [86]
D KP2
D 0.
D
.D
D o]
D

Non-small cell A549 1 NF-kB/STAT3 | Cell proliferation [87]

1,2,3-Triazole Curcumin

P
YRR eH

o
~

lung carcinoma

1 mitogen-activated protein
kinases

4 increase, | decrease, ROS reactive oxygen species; T-ALL T-cell acute lymphoblastic leukemia; HIF Hypoxia-inducible factors; JNKs c-Jun N-terminal kinases; TGFf3
transforming growth factor-beta; ERK extracellular regulated MAP kinase; p38 p38 kinase; AKT v-akt murine thymoma viral oncogene homolog 1; VEGFR vascular

endothelial growth factor

PI3K and MAPK signal transduction. Furthermore,
quercetin enhanced the chemotherapeutic effects of
paclitaxel and cisplatin in the cell lines of choriocarci-
noma (JEG3 and JAR) [55].

Isoflavones were recently thought to be promising anti-
cancer medicines [90]. The consequences of genistein
and novasoy were studied in endometrial cancer cells.
These cells were found to have an antiproliferative impact
associated with the activation of the MAPK and AKT/
mTOR signaling pathways [58]. Furthermore, it has been
established that genistein can reduce ER expression while
increasing PR (progesterone receptor) expression [58].
In melanoma cells, genistein inhibits the proliferation of
cells, migration and invasion, via the MAPK and FAK/
paxillin pathways [57]. Furthermore, 5,6,7,3',4,5'-hexam-
ethoxyflavone which is a polymethoxyflavone has been
demonstrated to impede the cellular proliferation of tri-
ple-negative breast cancer (through MAPK/AKT target-
ing) and cell-cycle arresting [91].

Resveratrol is a controversial natural chemical with
anti-tumour properties that is being investigated as a
possible treatment possibility [92]. Resveratrol can pref-
erentially trigger autophagy and apoptosis in the T-cell
acute lymphoblastic leukaemia cells via suppression
of mTOR/AKT/4E-BP1/p70S6K and initiation of p38-
MAPK pathways [93].

Escin, a combination of triterpene and saponins
derived from the Aesculus hippocastanum, has anti-
tumor ability via autophagy and apoptosis regulation via
ROS/p38 MAPK signaling [94].

Furthermore,  21-methylmelianodiol  (21-MMD)
obtained from Poncirus trifoliata, has anti-tumor effect
in the cancer of the lung via interfering with MAPK sign-
aling and AKT/ PI3BK/AMPK signaling it is also related
to multi-drug resistance reversal by reducing the expres-
sions of P-gp/MDR1 (P-glycoprotein/multidrug resist-
ance protein 1) [95].
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Toosendanin is a natural insecticide that has been
shown in lung cancer models to switch EMT markers
expression via ERK/Snail signaling pathway [96].

Sulforaphane (SFN) is another natural chemical that
has been studied for its potential use in the treatment
of OS (osteosarcoma) [97]. This isothiocyanate chemi-
cal is derived from vegetables such as broccoli, Brussels
sprouts, and cabbage. Sawai et al. examined the effects
of SFN on the cell line of murine osteosarcoma (LM8).
These cells were grown with SEN at various doses, which
caused improved cell populations in the phase of G2/M.
The combination of 2 Gy of radiation and SEN inhib-
ited the phosphorylation of ERK and AKT. SEN was also
shown to cause apoptosis via G2/M phase arrest and to
decrease ERK and AKT activation [98]. Another study
found that SFN caused genomic instability in the cell
lines of MG63 OS by mitotic and nuclear abnormalities,
clastogenicity and DNA breaks. Increased production of
micronuclei and apoptotic bodies indicated viability loss.
SEN might be an effective molecular targeting chemo-
therapeutic drug for ovarian cancer [99].

Figure 2 depicts some of the most essential areas of
action of those natural chemicals and Table 1 presents
the most representative chemical structures of bioactive
compounds which modulate the Ras-ERK cascade.

Natural bioactive compounds as kinase inhibitors
Plants have a vast store of natural bioactive compounds
with beneficial effects on human health [46, 100-102].
According to one study, 80% of the world’s population
still uses plant-derived medications to meet their health-
care needs [45, 103, 104]. Traditional medicine utilizes a
combination of many ingredients; however, the ingredi-
ents might not show activities as a single entity but some-
times a combination of ingredients plays an important
role in having synergistic effects and modulating other
proteins which improve the efficacy of the bioactive prin-
ciple [105-107]. Protein kinase inhibitors have recently
been shown to be chemically linked to a class of plant
chemicals known as sesquiterpenes, alkaloids, flavonoids,
polyphenolics, and diterpenoids, which are present in
a variety of fruits, vegetables, and medicinal plants and
have anti-cancer properties [44, 108]. The FDA author-
ized 1453 new chemical entities in 2013 with natural
products or analogues of natural substances accounting
for 40% of the total [109].

DLW (Danggui Longhui Wan) is a common traditional
Chinese herbal medicine to treat chronic myeloid leuke-
mia (CML) [110]. It’s made up of eleven different plant
ingredients. Only indirubin was shown to be effective
against CML during the hunt for the active chemical. The
other ten compounds were all inactive. Indirubin is an
effective inhibitor of CDKs (cyclin-dependent kinases),
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which are important in cell division. Because tumor cells
rely largely on cell division, inhibiting CDKs will prevent
cell division progression and therefore tumor develop-
ment. Indirubin, on the other hand, performed well but
was hard to absorb in the digestive system [111]. Glio-
toxin is a sulfur-containing mycotoxin generated by a
pathogenic fungus such as Aspergillus fumigatus that
inhibits Ras protein and hence cell development [112].
Magnolin, a natural chemical present in Magnolia flos,
inhibits cell proliferation caused by tumor promoters
such as EGF (epidermal growth factor) and focuses on
ERK1 and ERK?2 [113].

Discussions

There is proof that the usage of natural compounds
originating from microbes, animals, or plants for medi-
cal purposes goes back to the Neanderthal epoch [114,
115]. People have gathered knowledge and become
an expert in their applications due to various biologi-
cal activities of isolated natural items [116-118]. The
invention of the chemical structure aided the manu-
facturing of the essential compounds rather than sep-
arating them from natural sources [119]. This process
was also less expensive and allowed for the use of the
active element of the medicinal plant rather than the
basic plant extraction [106, 107]. Marketed medications
like camptothecin, artemisinin, maytansine, lovasta-
tin, penicillin, paclitaxel, silibinin and reserpine were
either indirectly or directly developed from natural
compounds [120]. Natural goods are now being viewed
as a viable substitute for manufactured medications.
These natural compounds can be found in a variety of
sources, including plants, microbes, and fungus [118].
Today, pharmaceutical research is shifting away toward
multiple target approaches than single-molecule target
techniques.

Natural products have been shown to initiate apop-
tosis and chemosensitive cell lines that were previ-
ously resistant to conventional treatments [121-123].
The heterogeneity of natural compounds’ inefficiency
found in the cell line-centred tests and rodent models
used throughout the phase of the drug discovery, which
leads to the ultimate effectiveness in patients, is a sig-
nificant barrier in the creation of a particular inhibitor
[124].

Since the first kinase inhibitor was developed in
the 1980s, more than 40 kinase inhibitors have been
approved by the FDA for the treatment of malignant
cells such as lung and breast cancer cells. Furthermore,
around 150 kinase-targeted medicines are in clinical
trials, and preclinical research is also going on numer-
ous kinase-specific inhibitors [125]. Despite the prom-
ising anti-tumour activity and survival improvements
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gained by licensed RAF, MEK, and ERK inhibitors, drug
resistance is the main limitation of the development
of new MAPK pathway inhibitors [125]. The underly-
ing processes, which are often associated with genomic
instability and cancer heterogeneity, are largely associ-
ated with the compensatory initiation of the upstream
component. More research into the MAPK pathway
has led to the hypothesis that targets the downstream
kinase of the ERK, and also the combination of ERK
inhibition with MEK and RAF inhibition may be advan-
tageous [125].

B-Raf is in therapeutic use among a few serine/threo-
nine kinases inhibitors. These inhibitors of serine/threo-
nine kinase for MAPK Aurora kinases, and CK2 and
mTOR are being developed for therapeutic use [126].
We concentrated on the pathways of the canonical pri-
mary signal transduction depicted in Fig. 1. The empha-
sis is primarily on natural products made from plant
sources, particularly flavonoids. Protein kinase B, cyclin-
dependent kinases, polo-like kinase I, and other enzymes
are affected. CDKs have also been targeted using natu-
ral chemicals derived from sources other than plants,
such as marine creatures. New microorganisms that
can survive in extreme environmental conditions called
“extremophiles” have opened new perspectives in the
biotechnology/pharmaceutical industry with anti-cancer
therapeutic potential by blocking the cell cycle. They also
have antioxidant effects. It has been observed that most
extremophilic microorganisms have an increased resist-
ance to ultraviolet radiation and can be used to develop
anticancer drugs [127]. This might be a new source for
developing more strong kinase inhibitors.

Limitations and future perspectives

This review has some limitations that need to be
addressed in the future, such as the lack of in vivo stud-
ies that provide mechanistic perspectives on molecu-
lar interactions and targets of action of phytochemicals
included in this study. Also, future in silico studies such
as molecular docking may address molecular targets for
a better understanding of phytochemical interactions in
different signaling pathways.

Another limitation is the lack of large-scale and well-
controlled clinical trials to validate the efficacy of these
molecular targets, their adverse effects, and the safety of
their administration for the treatment of cancer.

Although natural products show excellent results
in vitro, the development of cytostatic drugs in them is a
complex process, except for a few. The therapeutic advan-
tage of these natural products is their minimal toxicity
and reduced side effects [92, 128, 129]. But natural bioac-
tive compounds can interact with many proteins, which
is why it is very important to elucidate the mechanisms of
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action of natural products, especially those that are used
in our diet [130].

In recent decades, kinase inhibitors have received more
attention in search of new drugs and bioactive natural
compounds that target a wide range of kinases. However,
there are some therapeutic limitations of natural bioac-
tive compounds, such as poor solubility, complexity, and
biodisponibility [131-133]. Therefore, to overcome these
clinical pitfalls and to obtain food supplements officially
approved by the competent authorities, a comprehensive
quality analysis must be performed in terms of bioavail-
ability, efficacy, safety, composition, technological manu-
facturing processes, pharmaceutical regulatory practices
and compliance with international standards.

Conclusion

At the time, too many diverse biological features are
known, making it easy to infer that they are to blame for
the reported health impacts. Each ingredient in plant
extracts is not effective enough to account for success-
ful cancer treatment on its own. There is a growing body
of evidence that protein kinase inhibitors can be isolated
from sources other than plants. Protein kinase inhibitors
have recently been obtained from marine sources. This is
a novel and promising strategy for discovering new forms
of kinase inhibitors. However, there are a lot of other
factors, such as genetics, environment, physical activity,
dietary habits, and so on, and food-related considerations
alone are insufficient. When a specific molecule would
be targeted, which may pave the door for larger use of
flavonoids, simply because they interfere with multiple
cellular ‘war fields: When employed appropriately, this
finding might lead to an effective anticancer treatment in
the future.
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