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ABSTRACT

Cancer is one of the death causes in the world. Many plants act as anticancer, one
of them is Curcuma longa. The purpose of this study was to analyze the molecular
mechanism of compounds in Curcuma longa as an anticancer using in silico. These
research methods included exploration of the active compounds of Curcuma longa
plants, prediction of their activity, human intestinal absorption test, test of
Lipinski's rule of five, molecular docking, and interactions of receptor with com-
pounds as well as signaling pathways. The results showed that Cureuma longa had 20
compounds that have the potential as an anticancer. As many as 5 of the 20 active
compounds, namely a-curcumene, curcumenol, curcumin, curcumin I, and curcu-
min III had a value of Pa > 0.3 and HIA above 80%. The results of molecular
docking of a-curcumene, curcumenol, curcumin, curcumin I, and curcumin I1I
compounds with protein receptors of VEGFR-2, EGFR, and FGFR-1 showed
AGying values of -5.0 to -7.5 kcal/mol. The compound in Curcuma longa that had the
most effective activity as an anticancer was curcumin with a AGping value of -7.5
kcal/mol at the FGFR-1 receptor. Curcumin molecular mechanism as antiprolifer-
ative was revealed computationally through inhibition of the PI3K/AKT/mTOR
pathway.

Copyright: © 2022, J. Tropical Biodiversity Biotechnology (CC BY-SA 4.0)

INTRODUCTION
Cancer is one of the leading causes of human death in the world, character-
ized by the presence of some cells that grow uncontrollably and spread to
other parts of the body (American Cancer Society 2016). Understanding the
molecular changes in cancer development is one of the key factors to prevent
and treat cancer and underlies the development of anticancer drugs
(Hamzehzadeh et al. 2018; Tomeh et al. 2019). Various studies were conduct-
ed to find new drugs that have the potential as anticancer, one of them is tur-
meric (Curcuma longa Linn.).

Curcuma longa Linn. belongs to the Zingiberaceae family, and is a native
plant of Asia, especially in India, Indonesia, and China (Abdurrahman 2019).

Turmeric phytochemical studies show that turmeric contains curcuminoids
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and essential oils as its main components. Curcumin and its derivatives have
great attention in the last decade because of their anticancer activity
(Nagahama et al. 2016; Chao et al. 2018). Curcumin is safe to use in animals
and humans because curcumin can still be accepted by the body though in
very high doses. However, curcumin has low bioavailability and low water
solubility (Anisa et al. 2020). The properties of curcumin and its derivatives
in cancer treatment led to the tyrosine kinase signaling pathway because cur-
cumin inhibits receptor tyrosine kinases (RTK). The changes in genetic and
gene expression of tyrosine kinase are responsible for the loss of cell growth
control and oncogenic properties that appear in cancer (Golonko et al. 2019).

The first member of the receptor tyrosine kinases (RTK) superfamily is
the epidermal growth factor receptor (EGFR). Other RTK proteins in hu-
mans, namely vascular endothelial growth factor receptor (VEGFR), fibro-
blast growth factor receptor (FGFR) are key to the activity of the PI3K/
AKT/mTOR signaling pathway (Rahimi 2017; Rawluk & Waller 2018;
Golonko et al. 2019; Astolfi et al. 2020), which regulates cell proliferation,
survival, and differentiation (Papadimitrakopoulou 2012; Hamzehzadeh et al.
2018). This study aimed to analyze the molecular mechanism of compounds

in Curcuma longa as an anticancer using in silico.

MATERIALS AND METHODS

Materials

The materials used in this study were ligands (compounds in Curcuma longa)
obtained from the PubChem database (https://pubchem.ncbi.nlm.nih.gov/),
and receptors obtained from the PDB database (Protein Data Bank)

(https: //www.rcsb.org/).

Methods

This study was an exploratory descriptive study which included exploration
of the active compound of Curcuma longa, its activity prediction, human intes-
tinal absorption test, Lipinski’s rule of five test, molecular docking, and inter-

action of receptor with compounds and signaling pathways.

Collection of active compounds in Curcuma longa

The active compound in Curcuma longa was collected from Dr. Duke's Phyto-
chemical and Ethnobotanical Databases by Dr. Jim Duke from the Agricul-
tural Research Service/USDA (Ezealisiji & Awucha 2020), which can be ac-
cessed via (https://Phytochem.nal.usda.gov/) using keywords of Curcnma
longa. SMILES compounds collection was carried out using PubChem via
(https://pubchem. ncbi.nlm.nih.gov/). SMILES is used to predict the bioac-

tivity of a compound.

Prediction of compound activity in Cwrcuma longa using test of PASS
(prediction of activity spectra for substances)

The PASS Online test in this study was used to predict the possibility of
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compound activity in preventing, inhibiting, and killing the growth and
spread of cancer cells based on activities of pharmacological, biological, and
ADME (absorption, distribution, metabolism, and excretion). PASS Online
is a computer-based program to predict the biological activity of a compound
(Jamkhande et al. 2014). The PASS test was cartied out online via http://
www.pharmaexpert.ru/passonline/. The results of the PASS test for each
compound showed Pa (Potential Activity) and Pi (Potential Inhibitory) values
based on the activity similarity of a compound structure with the drug com-
pound. The PASS test results were analyzed and grouped based on the Pa

value.

Test of HIA (human intestinal absorption) and toxicity hazard

The HIA test was carried out to predict the absorption ability of Curcuma lon-
ga compounds on intestinal wall. This test was carried out online using ad-
metSAR (Moon et al. 2017) via http://Ilmmd.ecust.edu.cn/admetsar2/ by
entering the SMILES compounds in the search column and running until the
data was generated. The results of the HIA test were analyzed based on the
percent value (%), with values of high (70-100%), medium (20-70%), and low
(0-20%). Toxicity hazard (when administrated orally) was predicted using
Toxtree. It was categorized into three classes, that are low (class I) which in-
dicates efficient mode of metabolism, intermediate (class II) which possess
less innocuous than class I, and high (class III) which indicates significant

toxicity or had reactive functional group so the dose was crucial for oral use.

Test of Lipinski’s rule of five

Test of Lipinski's rule of five is to determine the ability of compounds to
penetrate cell membranes and reach target receptors (Jadhav et al. 2015). Ac-
cording to this law, a drug compound must comply with two or more abso-
lute values of Lipinski's rules consisting of (1) a molecular weight is less than
500 g/mol, (2) a log P-value is less than 5, (3) a value of Hydrogen Bond Do-
nors (HBD) is not more than 5, (4) the value of the Hydrogen Bond Accep-
tor (HBA) is not more than 10, and (5) the value of the Molar refractivity
should be between 40-130 (Syahputra et al. 2014). Test Lipinski's rule of five
was carried out through admetSAR on the http://Immd.ecust.edu.cn/
admetsar2/. The results of Lipinski's rule of five were analyzed by grouping

the test ligand compounds that fulfilled 4 or 5 criteria of the rule of five.

Molecular docking and visualization

The structure of Curcuma longa compound and anticancer drugs downloaded
through PubChem (https://pubchem.ncbi.nlm.nih.gov/) in 3D, saved in
SDF format (*sdf) (Dallakyan & Olson 2014). The use of anticancer drugs of
sunitinib, lapatinib, and gefitinib were selected based on the ability of the
drug mechanism to act on a protein receptor through the drug bank
(https://go.drugbank.com/). The receptor structure was downloaded
through the protein data bank (https://www.rcsb.org/). The downloaded
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receptor structure data was prepared using the discovery studio visualizer
application. Furthermore, the removal of water molecules and ligands on
protein macromolecules that were not needed was carried out. The structure
formed was saved in .pdb format, which then can be used in the docking
process.

Molecular docking between ligands (*sdf) and protein macromolecules
(*pdb) was performed using Pyrx 0.8 software and analyzed by AutoDock
Vina which functions as an anchor. Vina AutoDock is found on Pyrx which
is included in the Vina Wizard section (Dallakyan & Olson 2014). In addition
to the active compounds and target proteins, molecular docking was also car-
ried out on the drug control compounds to determine the similarity of inter-
actions between the test compounds and the control compounds. The mo-
lecular docking results were binding affinity scores, or bond energy values
(AGuing) and the interaction results were visualized into 2D and 3D structures
using the Discovery Studio Visualizer. The results of molecular docking were
analyzed by grouping the ligands based on the value of the bond energy
(AGging), the type of bond formed, and the analysis of signaling mechanism.

Receptor interaction with compounds and signaling pathways

The interaction of three receptors (VEGFR-2, EGFR, and FGFR-1) with
Curenma longa compounds was evaluated to know the relationship between
receptors and compounds in analyzing signaling pathways or biological path-
ways in cancer by their proteins. This interaction can be analyzed using
STRING on page https://string-db.otg/ (Franceschini et al. 2013). The next
step was to analyze the cancer inhibition signaling pathway using the KEGG
pathway.

RESULTS AND DISCUSSION

Predictions of active compounds from Curcuma longa based on Dr. Duke's
phytochemical and ethnobotanical databases obtained 267 compounds with
658 activities. From 267 compounds, 20 compounds that have activities of
anticarcinogenic, anticancer, and anti-tumor were found (Table 1).

This database (Dr. Duke's phytochemical and ethnobotanical data-
bases) is often used to predict the activity of a test compound. Maduabuchi
and Awucha (2020) used this database to predict the activity of Prerocarpus
mildbraedii compounds as medicine for malaria and digestive disorders. Anand
and Gokulakhrisna (2014) used Dr. Duke's databases in a study related to
Hybanthus enneaspermus plant activity, especially the characteristics of bioactive
compounds in ethanol extracts.

A total of 20 phytochemical compounds of Curcuma longa were ob-
tained, based on the results of PASS Online screening, 5 compounds with
anticarcinogenic activity were obtained, with a Pa value more than 0.3, name-
ly curcumene, curcumenol, curcumin, curcumin II, and curcumin III (Table
2). According to Filimonov et al. (2014), the PASS test performs an analysis

based on the relationship of the compound structure and its biological activi-
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ty or SAR (Structure Activity Relationship).

Table 1. Collection of Curcuma longa compounds as anticancet.

No Compound Molecular Formula
1 Alpha-curcumene (Curcumene) CisHz
2 Alpha-terpineol CioH130
3 Alpha-tocopherol C20H5002
4 Ar- tumerone CisH20O
5  Ascorbic acid CeHsOs
6 Beta carotene CaoHsg
7  Beta sitosterol CxoHs500
8  Beta turmerone Ci5H220
9  Bis-desthoxycurcumin (Curcumin IIT) C1oH1604
10 Catryophyllene CisHos
11 Curcumenol CisH2202
12 Curcumin C21H200¢
13 Curcuminoid C21H18N2056
14  Curcumenol Ci5H20:2
15 Curcumol CisH2402
16  Curdione CisH2402
17 Demethoxycurcumin (Curcumin II) C20H15805
18  Limonene CioHis
19 Quercetin Ci5H1007
20  Tetrahydrocurcumin C21H2406

Curcumin, curcumin II, and curcumin III had anticancer activity
(anticarcinogenic) in moderate criteria (0.5 < Pa < 0.7). Pa value indicated
that the compound has probability to be active and in mid-range score is a
good candidate for drug discovery. While curcumene and curcumenol com-
pounds had low anticancer activity (Pa < 0.5) prediction. The greater the Pa
value, the more possibility of the compound to block receptors in laboratory
experiments. Nevertheless, compounds with low Pa value are not certain to
have low activity, because there have not been many studies on these com-
pounds (Pramely & Raj 2012; Filimonov et al. 2014; Ivanov et al. 2018).

Table 2. PASS online prediction results.

Compound Value
Pa Pi
o-Curcumene 0.357 0.039
Curcumenol 0.454 0.024
Curcumin 0.611 0.012
Curcumin 11 0.645 0.011
Curcumin III 0.555 0.015

Comparative analysis of the Pa and Pi values of the five compounds in
Curcuma longa showed that all of them had Pa value above 0.3 (Table 2). Only
compounds with Pa value > 0.3 were categorized as good activity (Pramely &
Raj 2012; Druzhilovskiy et al. 2010).

Prediction of compound absorption with parameters of HIA
Based on the results of the HIA (Human Intestinal Absorption) prediction,
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the HIA values for a-curcumene, curcumenol, curcumin, curcumin 11, curcu-
min III, sunitinib, gefitinib, and lapanitib were more than 84% (Table 3). The
value obtained showed that anticancer drugs and these compounds can be
well absorbed in the intestines because they had a value of more than 70%.
According to Nerkar et al. (2012), if the predicted absorption of a compound
is more than 70%, it can be stated that the intestines have a high ability to
absorb these compounds and can reach their target receptors. The result of
toxicity hazard also suggests that the compound has reactive functional
group when orally administrated. For medical application the effective dose
is crucial to be considered. All active compounds from Curcuma longa could
be used as a treatment by considering all pharmacokinetics properties. Com-
pounds in Cureuma longa are predicted to have the same speed as anticancer
drugs to reach the target of cancer cell receptors in the body, thus blocking
the receptors from binding and inhibiting the growth of cancer cells
(Lazzeroni et al. 2012).

Table 3. Result of HIA prediction and toxicity hazard for oral use.

Toxic Hazard

Compounds HIA (%) Low (Class Intermediate High (Class

I (Class I) I
a-Curcumene 98.87 O - -
Curcumenol 84.59 - - ®)
Curcumin 97.70 - - ®)
Curcumin IT 97.70 - - ®)
Curcumin 1T 97.37 - - ®)
Sunitinib 97.60 - - O
Lapatinib 98.14 - - O
Gefitinib 99.37 - - O

Note: O= categorized; - = Not categorized.

Prediction of compound potential using parameters of Lipinski's rule
of five

When a compound is able to be absorbed in intestinal wall and enters the
blood circulation properly, it will be distributed throughout the body and
penetrate the cell membrane to reach its target receptor. Therefore, it is im-
portant to pay attention to factors related to pharmacology, because drug
interactions will not occur if the compound can't reach its target (Jadhav et
al. 2015).

Lipinski's prediction results showed that 5 compounds of Curcuma longa
and 2 compounds of anticancer drugs (sunitinib and gefitinib) met all the cri-
teria of the rule of five. Lapatinib did not meet the 3 criteria, namely a molec-
ular mass of more than 500 Da, a LogP of more than 5, and a molar refrac-
tivity of more than 130 (Table 4). However, lapatinib still complied with the
Lipinski’s rule of five, because it still had 2 criteria (Jadhav et al. 2015).
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Table 4. Results of Lipinski’s rule of five test for ligand compounds.

Ligand Molecular H- Donor H- Acceptor  LogP Molar
Mass (Da) Refractivity

a-Curcumene 202 0 0 4.84 69.55
Curcumenol 234 1 2 3.18 69.25
Curcumin 368 2 6 3.37 102.80
Curcumin II 338 2 5 3.14 96.31
Curcumin III 308 2 4 3.35 89.82
Sunitinib 398 3 3 3.33 116.31
Lapatinib 581 * 2 8 0.14 * 153.88 *
Gefitinib 446 1 7 4.28 121.66

*Value does not meet requirements of the rule of five.

According to Syahputra et al. (2014), compounds with molecular mass
of more than 500 will be difficult to penetrate cell membrane, because they
do not diffuse into cell. Conversely, compounds with small molecular mass
can enter the cell through the diffusion process. Almost all of the tested
compounds also had values of H-donor and H-acceptor less than 5, so these
compounds can penetrate cell membranes. Too large value of H-donor and
H-acceptor will slow down the compound to reach the target. Likewise, with
the logP value, if the value is too large, the compound will be difficult to pass
through the cell membrane and tend to have a high level of toxicity. The
greater the logP value, the more hydrophobic the molecule and more easily
retained in the lipid bilayer of the cell membrane. It will cause the compound
to be widely distributed, thereby reducing bond selectivity of compounds to
the target (Kilo et al. 2019; Weni et al. 2020).

Molecular docking of active compound from Curcuma longa

The result of the molecule binding to the target is binding affinity (AGupind)
and the interaction of ligand with protein receptor. The results of the ligand-
receptor interaction are based on AGuying value because each binding of the
ligand to the protein macromolecule (receptor) produces a ligand conforma-
tional based on AGyping rank. The smaller the AGying value, the more stable
the ligand binding to the receptor. AGuing is energy required by ligand when it

interacts or binds to the receptor binding site.

Table 5. Value of AGuind (kcal/mol) docking of 7 compounds with 3 receptors.

Compound (Ligand) Receptor
VEGFR-2 EGFR FGFR-1
a«-Curcumene -5.8 -6.0 -6.8
Curcumenol -6.9 -6.7 -7.2
Curcumin -7.3 -7.1 -7.5
Curcumin IT -7.2 -7.3 -7.0
Curcumin IIT -7.0 -7.2 -6.8
Sunitinib -6.9 -7.6 -7.0
Lapatinib -7.2 -7.8 -8.5
Gefitinib 7.2 -7.4 -6.9

The value of AGyping in Table 5 showed that curcumin could form a

complex more efficiently than other compounds because it had the most
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negative AGping (binding affinity) value. While in anticancer drugs, interaction
of the FGFR-1 receptor with lapatinib had the highest AGping value of -8.5
kcal/mol. Interaction between ligands and macromolecular tesidues on re-
ceptor can be seen based on visualization using discovery studio visualizer
software. The interactions that occur can be in the form of hydrogen, hydro-
phobic, and electrostatic bonds (Arwansyah et al. 2014). Affinity determina-
tion based on the negative or lowest AGping value is preferred, because it re-
lates to the amount of hydrogen or various types of residues that interact
with ligand. The difference in AGupind value in each compound is influenced
by the bonds formed. Role of hydrogen bond determines the value of result-
ing AGuing rather than hydrophobic bond. However, hydrophobic bond plays
an important role in determining the stability of ligand to receptor
(Arwansyah et al. 2014).

Based on Table 6, it can be seen that the compound of curcumin-
FGFR-1 had fewer hydrogen bonds (3) than curcumin II (8), but the AGuping
value of curcumin-FGFR-1 (-7.5) was higher than curcumin II-FGFR-1 (-
7.0). Likewise, the lapatinib-FGFR-1 interaction had fewer hydrogen bonds
(1) than gefitinib (12) and sunitinib (3), but the AGuing of lapatinib-FGFR-1
was higher (-8.5) than gefitinib (-6.9) and sunitinib (-7.0). The similarity of
the amino acid residues that interacted between ligand compounds and con-
trol drug showed that the ligand had potential as a substitute for the control
drug. The molecular docking results for Curcuma longa compounds which
have same amino acid residues with control cancer drugs were summarized
in Table 7.

Interaction similarity of amino acid residues of ligand with control drug
indicates that ligand is able to inhibit activity of target protein and has the
potential to substitute control drug (Arwansyah et al. 2014; Chamata et al.
2020). Active compounds that have strong binding to target protein recep-
tors are compounds that have same hydrogen bonds and amino acid residues
as control drugs (Bintari 2018). From the docking results, it was found that
not all ligand compounds had same amino acid residue as control drug. Cur-
cumin compounds had same amino acid residues as the three drugs, both in
the interaction with VEGFR-2, EGFR, and FGFR-1. It showed that curcu-
min bound well to FGFR1 in the binding pocket and can be a substitute for

Table 6. Number of hydrogen and hydrophobic bonds in the interaction of Curcuma longa compounds (ligands) with

receptors.

Compound VEGFR-2 EGFR FGFR-1
(Ligand) Hydrogen  Hydrophobic Hydrogen Hydrophobic Hydrogen Hydrophobic

Bond Bond Bond Bond Bond Bond

«-Curcumene - 12 - 10 - 14
Curcumenol - 12 - 11 - 15
Curcumin 4 7 3 14 3 12
Curcumin II 3 11 2 15 8 12
Curcumin II1 1 12 1 15 5 11
Sunitiib 1 8 1 15 3 12
Lapatinnib 2 15 4 12 1 17
Gefitiib 6 11 5 13 12 12




J. Tropical Biodiversity Biotechnology, vol. 07 (2022), jthb74905

cancer drugs, according to the results of in vivo studies (Figure 1) (Puteri
2020). According to Devassy et al. (2015), curcumin had been shown to have
many positive effects on suppressing transformation, angiogenesis, metasta-
sis, and suppressing cancer cell growth through cell proliferation. It is stated
that curcumin has effect of preventing various types of cancer, such as pros-
tate, pancreatic, lung, colon, and breast cancer. The three anticancer drugs
are cancer inhibitors (data from the DrugBank website). Sunitinib inhibits
cellular signaling by targeting multiple RTK, lapatinib inhibits RTK, and ge-
fitinib inhibits the intracellular phosphorylation of many tyrosine kinases as-

sociated with cell transmembrane surface receptors.

Table 7. Amount of similarity of amino acid residues between Curcuma longa com-

pounds and anticancer drugs.

Ligand Receptor
VEGFR-2 EGFR FGFR-1
«-Curcumene - Sunitinib 0 0 0
Curcumenol - Sunitinib 0 14 0
Curcumin - Suntinib 0 10 3
Curcumin II - Sunitinib 5 12 1
Curcumin IIT - Sunitinib 0 10 1
o-Curcumene - Lapatinib 2 0 0
Curcumenol - Lapatinib 0 8 1
Curcumin - Lapatinib 1 9 2
Curcumin II - Lapatinib 6 9 3
Curcumin III - Lapatinib 0 7 8
a-Curcumene - Gefitinib 12 0 0
Curcummenol - Gefitinib 0 7 1
Curcumin - Gefitinib 9 9 4
Curcumin II - Gefitinib 2 13 1
Curcumin IIT - Gefitinib 0 10 3

Curcumin

FGFR1 Binding Site

Figure 1. Binding pocket detection and the molecular interaction between curcumin
and FGFR1 with binding energy -7.5 kcal/mol.

The number of similarities of amino acid residues possessed by each
ligand compound does not affect the AGping value. There were many similari-
ties in amino acid residues in the three control drugs to a-curcumenol, curcu-
min, curcumin II, and curcumin III, but curcumin had the highest AGping
value (-7.5 kcal/mol). Study results by Arfi et al. (2020) showed that cy-

clocurcumin ligand had a stronger potential to bind to its target protein than
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mebendazole ligand, although cyclocurcumin ligand had fewer amino acid

residues than mebendazole ligand.

PI3K/AKT signaling pathway analysis

The signaling pathway mechanism was analyzed using STRING to determine
the signaling interactions of proteins to form interaction networks. Proteins
that affect signaling were marked in red with various line colors. Blue lines
show interactions based on an accurate database, purple lines show interac-
tions based on experimental research, green lines show interactions based on
gene-environment predictions, red lines show cell fusion, dark blue lines
show gene-occurrence interactions, yellow lines show text mining, black lines
show co-expression, and gray lines show protein homologs (Franceschini et
al. 2013). Pathway analysis used KEGG pathway contained in STRING by
entering the three receptors in the column presented and selecting PI3K/
AKT pathway on the KEGG list. STRING results were shown in Figure 2.

LeP2
/ 3]

/‘—"' \

e

LA

4

Figure 2. Results of STRING analysis of on KEGG pathway.

The results of the protein interaction network showed that many pro-
teins contribute to the same function. Several proteins that contribute to the
PI3K/AKT pathway include KDR (VEGFR-2), EGFR, and FGFR-1. Cut-
cumin compounds in Cureuma longa can inhibit angiogenesis, induce apopto-
sis, and suppress cancer cell proliferation. Inhibition mechanism of tumor-

igenesis and anticarcinogenic in curcumin can occur through various levels of
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signaling pathways, such as NF-Kb, PI3K/AKT, mTOR, Ras/Raf/Erk,
STAT, etc. (Abdurrahman 2019; Cas & Ghidoni 2019). Mechanism of curcu-
min action occurs both intrinsically and extrinsically (Abdurrahman 2019).

Curcumin can inhibit cell proliferation, differentiation, migration, and
transcription, and also increase apoptotic death by inhibiting its signaling
pathways. Apoptosis induction, growth inhibition, and differentiation en-
hancement by curcumin occur through PI3K/AKT signaling pathway
(Figure 3). In PIBK/AKT signaling pathway, curcumin reduces malignant
potential of cancer cells by inhibiting cell proliferation (Hamzehzadeh et al.
2018).

Phosphatidylinositol-3-kinase (PI3K) signaling is a pathway that plays
an important role in aspects of cell growth, cell cycle, apoptosis, and cell pro-
liferation in cancer development. Therefore, this signaling pathway is closely
related to tumor development and can be an important anticancer target (Shi
et al. 2019).

RTK (receptor tyrosine kinase) is a cell surface receptor for many
growth factors, hormones, and cytokinins (Mele & Johnson 2019). RTK has
phosphotyrosine kinase activity which is attached to plasma membrane but in
inactive condition (Haddadi et al. 2018). RTK activation occurs due to the
binding of ligands (extracellular molecules) nor growth factors and receptor-
associated proteins (Insulin Receptor Substrate-1; IRS1). When ligand binds
to RTK, it activates an intracellular tyrosine kinase domain that results in
phosphorylation of tyrosine receptors on cell surface and attracts PI3K
(phosphatidylinositol 3-kinase) to plasma membrane. The p85 regulatory
subunit of PI3K binds directly to the tyrosine receptor. The binding of p58
results in activation of the p110 catalytic subunit in plasma membrane, then
pl10 catalyzes the phosphorylation of PIP2 (phosphatidylinositol-4,5-
bisphosphate) to PIP3. PIP3 regulates many cellular processes such as cell
proliferation, angiogenesis, growth, survival, and motility
(Papadimitrakopoulou 2012).

RTK activation further activates the PI3K/Akt/mTOR pathway, a
central pathway for cancer growth, survival, and motility, making this path-
way a target for cancer research and therapy (Cidado & Park 2012). PIP3
contributes to the recruitment and activation of various downstream signal-
ing targets, including Akt (protein kinase B). PIP3 localizes Akt to plasma
membrane and it is activated through phosphorylation of phosphoinositide-
dependent kinase (PDK1). After phosphorylated, Akt escapes from plasma
membrane and activates targets that promote the increase of cell growth, me-
tabolism, survival, and cell proliferation in nucleus and cytoplasm. Akt which
is phosphorylated by PIP3 second messenger will activate mTOR (mammal
target of rapamycin), mTOR2 will phosphorylate Akt for the second time
after PIP3 is fully activated. mTOR acts as a regulator of cell proliferation
and growth located downstream and upstream of Akt (Papadimitrakopoulou
2012).
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mTOR2

mTOR1
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P70s6K1  4EBP1

Cell Proliferation
Figure 3. Targeting anti-cancer signals by curcumin.

Curcumin inhibits Akt phosphorylation in cancer cells thereby inhibit-
ing mTOR signaling. Akt Inhibition is due to dephosphorylation of PIP3 to
PIP2 which is inactive by PTEN or other inhibition by mTOR. Curcumin
reduces cancer cell proliferation by reducing the expression of Raptor and
Rictor components. mMTORCI has a significant role in controlling cell prolif-
eration and the downstream pathway is 70 kDa ribosomal protein S6 kinase 1
(p70S6K1) and elF4E 1 (4EBP1) binding protein which can provide negative
feedback on Akt pathway. mTORCI signaling is regulated by Akt through
TSC1/TSC2 complex, which can induce GTPase and Rheb activity. Cutcu-
min directly suppressed Akt and mTORCI so the inhibition of downstream
pathway like phosphorylation of p70S6K1 and 4EBP1 can be achieved.
These downstream targets are involved in cell proliferation and growth
(Tamaddoni et al. 2020).

CONCLUSION

Curcuma longa 1s well-known as anticancer and curcumin as one of metabolites
could be concluded that had the most promising anticancer activity by inter-
action with FGFR-1 receptor protein. Curcumin molecular mechanism as
antiproliferative was revealed computationally through by inhibiting the
PI3K/AKT/mTOR pathway. The anti-cancer activity of Curcuma longa com-
pounds needs to be tested further by in vivo and in vitro to find out more

about the inhibitory activity of Curcuma longa compounds as anticancer.
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