’ © 2021 Journal of Pharmacy & Pharmacognosy Research, 9 (4), 484-496, 2021

ISSN 0719-4250

http://jppres.com/jppres

Original Article

Molecular docking study of sea urchin (Arbacia lixula) peptides as
multi-target inhibitor for non-small cell lung cancer (NSCLC)
associated proteins

[Estudio de acoplamiento molecular de péptidos de erizo de mar (Arbacia lixula) como inhibidor de multiples objetivos para
proteinas asociadas al cancer de pulmon de células no pequefias (NSCLC)]

Muhammad Hermawan Widyanandal?, Setyaki Kevin Pratamal, Rizky Senna Samoedral, Fikriya Novita Saril, Viol Dhea
Kharisma?, Arif Nur Muhammad Ansori3, Yulanda Antonius#*

1Laboratory of Animal Physiology, Structure, and Growth, Biology Department, Faculty of Mathematics and Natural Sciences, Brawijaya University, Malang,
Indonesia.
2Division of Molecular Biology and Genetics, Generasi Biologi Indonesia Foundation, Gresik, Indonesia.
3Doctoral Program in Veterinary Science, Faculty of Veterinary Medicine, Universitas Airlangga, Surabaya, Indonesia.
4Faculty of Biotechnology, University of Surabaya, Surabaya, Indonesia.
*E-mail: yulandaantonius@staff.ubaya.ac.id

Abstract

Context: Lung cancer is a type of cancer that causes the most deaths
worldwide. The most common type of lung cancer is non-small cell lung
cancer (NSCLC). Sea urchin (Arbacia lixula) has high potential as an anti-
NSCLC agent.

Aims: To analyze the anticancer activity of peptides from A. lixula
coelomic fluid in inhibiting the activity of NSCLC-related proteins.

Methods: Peptide modeling was performed using the PEP-FOLD3 web
server. Proteins that have a crucial role in NSCLC progression were
determined using KEGG pathway database. 3D protein structures such
as EGFR, PI3K, BRAF V600E, and JAK3 were taken from the RCSB PDB
database. Docking was performed using Autodock Vina software.
Docking results analysis was carried out using Discovery Studio 2019
software.

Results: Some peptides bind to the active sites with low binding affinity.
Peptide 10 binds to the active site of the EGFR with a binding affinity of
-9 kcal/mol. Peptide 5 binds to the active sites of PI3K and BRAF V600E
with binding affinity of -8.2 and -8.1 kcal/mol, respectively. Peptide 11
binds to the active site of JAK3 with a binding affinity of -8.1 kcal/mol.
All of these peptides have lower binding affinity than ATP as the native
ligand. Besides, these peptides also produce more hydrogen bonds than
ATP, so they are predicted to be more stable.

Conclusions: Peptides 10, 5, and 11 have high potential as anti-NSCLC
agents because they can inhibit the activity of proteins that play an
essential role in the growth of NSCLC, namely EGFR, PI3K, BRAF
V600E, and JAK3 through the competitive ATP inhibitor mechanism.
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Resumen

Contexto: El cancer de pulmén es un tipo de cancer que causa la mayoria
de las muertes en todo el mundo. El tipo mds comdn de céncer de
pulmon es el cancer de pulmén de células no pequenias (NSCLC). El
erizo de mar (Arbacia lixula) tiene un alto potencial como agente anti-
NSCLC.

Objetivos: Analizar la actividad anticancerigena de péptidos del liquido
celémico de A. lixula en la inhibicién de la actividad de proteinas
relacionadas con NSCLC.

Meétodos: El modelado de péptidos se realizé utilizando el servidor web
PEP-FOLD3. Las proteinas que tienen un papel crucial en la progresion
del NSCLC se determinaron utilizando la base de datos de la via KEGG.
Las estructuras de proteinas 3D como EGFR, PI3K, BRAF V600E y JAK3
se tomaron de la base de datos RCSB PDB. El acoplamiento se realizé
utilizando el software Autodock Vina. El analisis de los resultados del
acoplamiento se llevé a cabo utilizando el software Discovery Studio
2019.

Resultados: Algunos péptidos se unen a los sitios activos con baja
afinidad de unién. El péptido 10 se une al sitio activo del EGFR con una
afinidad de unién de -9 kcal/mol. El péptido 5 se une a los sitios activos
de PIBK y BRAF V600E con una afinidad de unién de -8,2 y -8,1
kcal/mol, respectivamente. El péptido 11 se une al sitio activo de JAK3
con una afinidad de unién de -8,1 kcal/mol. Todos estos péptidos tienen
menor afinidad de unién que el ATP como ligando nativo. Ademas,
estos péptidos también producen més enlaces de hidrégeno que el ATP,
por lo que se prevé que sean mas estables.

Conclusiones: Los péptidos 10, 5 y 11 tienen un alto potencial como
agentes anti-NSCLC porque pueden inhibir la actividad de proteinas
que juegan un papel esencial en el crecimiento del NSCLC, a saber,
EGEFR, PI3K, BRAF V600E y JAK3 a través del mecanismo inhibidor de
ATP competitivo.

Palabras Clave: acoplamiento molecular; Arbacia lixula; cancer de pulmén
de células no pequetias.
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INTRODUCTION

Lung cancer is the type of cancer that causes the
most deaths worldwide (18.4% of all cancer
deaths) in 2018. This type of cancer causes more
deaths than breast, colorectal, and cervical cancer
(Bray et al., 2018). In 2012, 1.6 million people died
from lung cancer worldwide and were expected to
continue growing (Didkowska et al.,, 2016). In
2018, most cancer cases were lung cancer, which
reached 14% of all cancer cases globally, and the
mortality rate was 22% (Ferlay et al., 2019). Lung
cancer is divided into two subtypes: non-small cell
lung cancer (NSCLC) and small cell lung cancer
(SCLC). The percentage of NSCLC reaches 85%
(Jordan et al., 2017). NSCLC occurs due to the
presence of mutated and overexpressed proteins
that cause uncontrolled cell division.

Epidermal growth factor receptor (EGFR),
phosphoinositide 3-kinase (PI3K), Janus kinase 3
(JAK3) and B-type Raf kinase (BRAF) are proteins
that play a role in the growth and development of
lung cancer, NSCLC subtype (Lee et al., 2011; El-
Telbany and Ma, 2012; Hu et al., 2014). EGFR is a
protein family of tyrosine kinase receptor that is
overexpressed in 40-80% of cases of NSCLC (Su-
zuki et al., 2005). After binding to the EGF ligand,
EGEFR will activate the PI3K/Akt/ mTOR pathway,
the BRAF pathway, and the JAK-STAT pathway
that plays an essential role in cell proliferation and
growth (Andl et al., 2004; Liu et al., 2013; Singh et
al., 2019). Therefore, compounds that can inhibit
EGFR activity from fighting cancer were devel-
oped, such as gefitinib and lapatinib (Brehmer et
al., 2005; Wainberg et al., 2010). PI3K is the central
protein in the PI3k/Aktl/mTOR pathway. This
pathway is overactivity in lung cancer character-
ized by overexpression of phosphorylated Aktl in
50-70% of cases of NSCLC (Yip, 2015). The PI3K-
Akt pathway plays an important role in cell sur-
vival by inactivating downstream apoptogenic
factors (Zhuang et al., 2011). BRAF is a central pro-
tein in the BRAF pathway that regulates cell
growth. Around 50% of NSCLC lung cancer pa-
tients have a V600OE mutation in the BRAF protein
(Bustamante and Otterson, 2019). BRAF V600E can
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upregulate anti-apoptotic proteins such as MCL-1,
which prevents cell apoptosis (Kawakami et al.,
2016). Therefore, one of the best strategies to inhib-
it lung cancer cell growth is to inhibit the activity
of BRAF V600E mutation (O'Leary et al., 2019).
JAKS is the central protein in the JAK-STAT path-
way, where it is overactivated by up to 65% in
NSCLC cases. The overactivity of this pathway
causes cells to experience uncontrolled growth
(Hu et al., 2014; Groner and von Manstein, 2017).
The JAK-STAT pathway also mediates antiapop-
totic signaling by regulating the activity of the bcl-
xL, bcl-2, and Bad proteins (Negoro, 2000). There-
fore, inhibition of these four proteins will inhibit
the three pathways that play a role in cancer cell
growth, namely the PI3K/Aktl/mTOR pathway,
the BRAF/MAPK pathway, and the JAK-STAT
pathway. This research will explore peptides from
sea urchins to stop the activity of these four pro-
teins.

Sea urchin (Arbacia lixula) has high potential as
an anti-lung cancer agent. Many sea urchins are
reported to have anticancer activity. Previous re-
search stated that A. lixula's coelomic fluid extract
could inhibit the cycle cell of triple-negative breast
cancer (Luparello et al., 2020). A. lixula has a high
astaxanthin content where this compound has ac-
tivity in inhibiting the proliferation and migration
of breast cancer cells (Cirino et al., 2017; McCall et
al., 2018). Diadema savigni CH2Cly» extract could
induce apoptosis in several cell lines such as HL-
60 (leukemia cell line), PC-3 (prostate cancer cell
line), and SNU-C5 (colorectal cancer cell line)
(Thao et al., 2015). In the current study, we used
the silico molecular docking method to analyze the
interactions between NSCLC-related proteins with
peptides from A. lixula coelomic fluid so that the
potential of these peptides in inhibiting the activity
of these proteins will be identified.

The most common therapeutic methods to treat
lung cancer are chemotherapy and radiotherapy,
but both have many adverse side effects for pa-
tients, such as shortness of breath, bleeding, fever,
hair loss, and radiation pneumonitis (Islam et al.,
2019; Mohan et al., 2019). Therapeutic agents hav-
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ing single-target properties sometimes show a lack
of efficacy and occur drug-resistant in the cancer
cell because of mutations in the target protein (Lim
et al.,, 2017). Hence, a multi-target agent is needed
to overcome these problems (Ramsay et al., 2018).
There is no research discussed the peptides of A.
lixula as anti-lung cancer, even though the peptide
has several advantages over compounds such as
being more selective, low toxicity, and not causing
accumulation in the tissue because it is easily me-
tabolized (Craik et al., 2013). This study provides
the potential of peptides in the coelomic fluid of A.
lixula as a multi-target inhibitor of proteins that
have significant roles in three important pathways
in NSCLC progression. Besides, an alternative
lung cancer drug with minimal side effects is
needed that targets more than one protein. This
study aims to analyze the potential of the peptides
from the coelomic fluid extract of A. lixula in inhib-
iting lung cancer growth by inhibiting the activity
of EGFR, PI3K, BRAF V600E, and JAK3 proteins.

MATERIAL AND METHODS

Ligands preparation

The peptides used in this study are based on
Sciani et al. (2016) research, namely peptides
measuring 5-7 amino acids (Table 1). The 3D struc-

Table 1. Peptides from sea urchin (A. lixula) coelom fluid.

Sea urchin peptides as multi-target inhibitor of NSCLC

ture of the peptides was modelled using the PEP-
FOLD3 web server (https://bioserv.rpbs.univ-
paris-diderot.fr/services/ PEP-FOLD3/) with the
de novo structure prediction method (Lamiable et
al.,, 2016). The 3D adenosine triphosphate (ATP)
structure as a native ligand was obtained from the
PubChem database
(https:/ /pubchem.ncbi.nlm.nih.gov) with CID:
5957. These peptides and ATP were prepared by
minimizing conformation energy using PyRx 8.0
software (Dallakyan and Olson, 2015).

Protein’s preparation

Lung cancer-related proteins were determined
using  the KEGG  pathway database
(https:/ /www.genome jp/kegg/pathway.html)
then selected the central protein in PI3K/Aktl/
mTOR pathway, JAK/STAT pathway, and
BRAF/MAPK pathway, which have a role in the
growth of NSCLC lung cancer. The 3D structure of
EGFR kinase domain (1XKK), BRAF V600E (4R5Y),
JAKS3, and PI3K (1E90) were obtained from PDBJ
database (https://pdbj.org/). The proteins were
prepared using the Biovia Discovery Studio 2019
software (Dassault Systémes Biovia, San Diego,
California, USA) by removing the contaminant
molecules.

Peptide code Peptide sequence Peptide code Peptide sequence
Peptide 1 LSDCL Peptide 11 MTVNGASVTN

Peptide 2 LAPAA Peptide 12 GDKGSTAGSNH
Peptide 3 LVTELL Peptide 13 MTKYAATGVTN
Peptide 4 DGHCGAD Peptide 14 TSTLLFDAHVT

Peptide 5 HSGECSF Peptide 15 EDQLVVKEVETF
Peptide 6 VILMMSS Peptide 16 APAEYLPVELPLYWY
Peptide 7 FVKVEVLPQ Peptide 17 EWMEGGDVDVENARA
Peptide 8 REGSVCVEH Peptide 18 KTGGGGVSGGSAGDH
Peptide 9 VAKGSPDLNK Peptide 19 YMAAGASSSSSTKVVQK
Peptide 10 FVEQVLVEPQ
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Table 2. ATP binding pocket position and grid setting for specific docking.

Grid
Proteins ATP binding pocket Reference
Center Dimension
EGFR Leu718, Val726, Gly745, Leu788, (Liao et al., 2011) X: 16.3451 X: 31.3579
kinase domain Gly796, Cys797, Leu84d, Asp855 Y: 32,3674 Y:30.0286
Z:35.9235 Z:34.7935
PI3K Ala805, Ser806, Trp812, Lys890, Asp950,  (Walker et al., 2000) X:19.2311 X:46.6013
Asp964 Y: 68.9103 Y:39.4410
Z:18.4851 7:44.5788
BRAF V600E Ile463, Vald71, Alad81, Lys483, 11e527, (Luoet et al., 2008) X:13.5842 X: 28.3015
Leu514, Thr529, Gln530, TI‘p531, Y:16.5716 Y: 40.8908
Cys532, Gly534, Asn581, Phe583
Z:-5.4844 Z:37.7227
JAK3 Leu828, Val836, Ala853, Lys855, (Thomas et al., 2015) X: 12.7557 X: 29.6989
Met902, E903, Leu905, Leu956, Ala966 Y: -8.5375 Y: 33.4322
Z:11.3042 Z:28.380

Molecular docking and visualization

Specific protein-ligand docking was performed
using Autodock Vina (Trott and Olson, 2010) inte-
grated in PyRx 8.0 (Dallakyan and Olson, 2015) to
find peptides that could potentially inhibit the
activity of proteins, which have lower binding
affinity values than ATP. Autodock Vina is a soft-
ware for flexible docking, allowing flexibility of
the ligands for more accurate docking results
(Trott and Olson, 2010). Specific docking method is
done by setting the grid box to cover only the ATP
binding pocket of the proteins (Table 2). Analysis
of binding site and chemical bonds formed be-
tween proteins and ligands were carried out using
the Biovia Discovery Studio 2019 software (Das-
sault Systemes Biovia, San Diego, California,
USA).

RESULTS

NSCLC related proteins-peptide docking

The protein-peptide docking aims to predict the
ability of the peptides from sea urchin to inhibit
the activity of proteins related to NSCLC viewed
from the binding affinity and binding position
point of view. Binding affinity is defined as the
strength of the interaction, which can be used to
predict whether an interaction between two mole-
cules can form or not. The lower binding affinity
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value, the stronger and more stable the interaction
between molecules (Kastritis and Bonvin, 2013;
Pantsar and Poso, 2018). The peptides that bind to
the protein’s active site with the lowest binding
affinity value and below the ATP binding affinity
are predicted to inhibit the protein activities.
Docking results show that all peptides bind to the
ATP binding pocket, which is the active site of the
EGEFR, PI3K, BRAF V600E, and JAK3 proteins (Fig.
1). Peptide 10 binds to the ATP binding pocket of
EGFR with the lowest binding energy, which is -9
kcal/mol lower than ATP. Peptide 5 binds to PI3K
and BRAF V600E active site with the lowest bind-
ing affinity of -8.2 kcal/mol and -8.1 kcal/mol,
respectively. Peptide 11 binds to the active site of
JAK3 with the binding affinity of -8.1 kcal/mol
(Table 3). Therefore, by binding to the proteins'
active site and having lower binding energy than
ATP, those peptides are predicted to be able to
inhibit protein activities by ATP competitive inhib-
itory mechanism.

EGFR-peptides docking

The docking results between the kinase domain
of EGFR and the peptides showed that peptide 10
(FVEQVLVEPQ) has a lower binding affinity than
ATP. Peptide 10 also binds to the same four resid-
ual amino acids as ATP, which are Gly721, Lys745,
Arg841, and Asn842.
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EGFR PI3K BRAF V600E

Figure 1. All peptides bind to the active site of the proteins.

Table 3. Several peptides such as peptides 10, 5, and 11 have lower binding affinity values than ATP as a native ligand when
interacting with proteins.

Binding affinity (kcal/mol)

Ligand Peptide sequence
EGFR PI3K BRAF JAK3

ATP (Native ligand) - -8.9 -7.7 -6.9 -7.7
Peptide 1 LSDCL 74 7.3 -6.6 7.3
Peptide 2 LAPAA -85 -7.6 -74 -8
Peptide 3 LVTELL -6.9 -77 -6.6 7.1
Peptide 4 DGHCGAD 7.7 -75 7.2 7.7
Peptide 5 HSGECSF -7 -8.2 -8.1 -7.5
Peptide 6 VTLMMSS 74 -6.4 -6.9 -6.7
Peptide 7 FVKVEVLPQ -2.2 -8 -7.3 -7.8
Peptide 8 REGSVCVEH -7.6 7.2 -6 -6.2
Peptide 9 VAKGSPDLNK -7.2 -7 -6.2 7.3
Peptide 10 FVEQVLVEPQ -9 -7.8 -8.1 -6.8
Peptide 11 MTVNGASVTN -6.9 -7.6 -6.3 -8.1
Peptide 12 GDKGSTAGSNH -6.4 7.2 -8 -5.9
Peptide 13 MTKYAATGVTN 7.1 -7.5 -6.3 7.2
Peptide 14 TSTLLFDAHVT -5.3 -6.9 -6.2 -6.8
Peptide 15 EDQLVVKEVETF 7.2 -6.7 -6.9 -6.8
Peptide 16 APAEYLPVELPLYWY -85 7.7 7.1 7.4
Peptide 17 EWMEGGDVDVENARA -6.9 -6.8 -6.7 -6.4
Peptide 18 KTGGGGVSGGSAGDH -6.5 -6.8 7.2 -5.7
Peptide 19 YMAAGASSSSSTKVVQK -7.5 -7.6 -5.9 -7.5
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Figure 2. Peptides 10, 5, and 11 bind to the ATP binding pocket so that they are ATP competitive

On the other hand, peptide ten also form more
chemical interactions than ATP that consists of 6
hydrogen bonds (Lys745, Phe723, Cys797, Tyr801,
Tyr998, Glu906) and nine hydrophobic interactions
(Gly721, Ala743, Arg841, Leu718, Leu792, Met793,
Asn842, Phe997, Lys728). Hence, interactions at the
same location as ATP with lower binding affinity
means that peptide 10 has a high potential to be
used as an ATP competitive inhibitor for EGFR
(Fig. 2 and Table 4). Moreover, peptide ten also
forms hydrogen bonds with Lys745 residue, a cru-
cial amino acid residue for the binding of EGFR
with ATP (Pao and Miller, 2005).

PI3K-peptides docking

The docking results between PI3K and peptides
showed that peptide 5 (HSGECSF) binds to the
ATP binding pocket with the lowest binding affin-
ity (-8.2 kcal/mol). This peptide also formed bonds
in the five residues that are the same as ATP, in-
volve Ser806, Lys807, Val882, Asn951, and Asp964.
Interaction between peptide 5 and PI3K is also
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predicted to be more stable because it produces
more chemical bonds that are 13 interactions con-
sist of 10 hydrogen bonds (Lys808, Val882, Ala885,
Asp964, Asp950, Ser806, Lys807, GIn893, Asn951,
Asp964) and three hydrophobic bonds (Trp812,
11e881, Ala885). These results showed that peptide
5 is predicted to inhibit PI3K activity by blocking
ATP binding to the protein (Fig. 2 and Table 4).

BRAF-peptides docking

Peptide 5 also interacted with BRAF V600E pro-
tein with good affinity. The docking results
showed that peptide 5 binds to the ATP binding
pocket with the lowest binding affinity value and
much lower than ATP, that is -8.1 kcal/mol. Pep-
tide 5 binds in the same residue as ATP that in
Thr529, Cys532, Asn580, and Asp594 residue. In-
teraction between BRAF V600E with peptide 5 is
also more stable than ATP because it produces
more chemical interactions consist of seven hy-
drogen bonds (Cys532, Thr529, His574, Asp59%4,
Ala497, Asn500, Glu501) and four hydrophobic
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interaction (Trp531, Asn580, Cys532, Val504). This
result showed that peptide 5 has a high potential
to inhibit BRAF V600E activity as a competitive
inhibitor (Fig. 2 and Table 4).

JAK3-peptides docking

The docking results showed peptide 11
(MTVNGASVTN) binds to the ATP binding pock-
et with the lowest binding affinity value and lower
than ATP, which is -8.1 kcal/mol. Peptide 11
forms bonds with the same four amino acids as
ATP, namely Glu903, Cys909, Arg953, and
Asp967. Peptide 11 forms nine hydrogen bonds
(Glu903, Cys909, Arg911, Asp912, Asp949, Arg953,
Asp967, Ser989) and seven hydrophobic interac-
tions (Ala853, Leu828, Leu956, Ala951, Trp993,
Pro990, Phe992). Based on the docking results,
peptide 11 binds to the place where ATP binds to

Table 4. Protein-peptide interactions in detail.

Sea urchin peptides as multi-target inhibitor of NSCLC

JAKS so that it has a high potential to act as a JAK3
inhibitor. The interaction between JAK3 and
blocked ATP will result in JAK3 unable to phos-
phorylate STAT3 and the JAK-STAT signaling
pathway will stop (Fig. 2 and Table 4).

DISCUSSION

Epidermal growth factor receptor (EGFR) is a
receptor responsible for activating several path-
ways in NSCLC (Tokumo et al., 2005). EGFR will
be activated when it binds with EGF in the Ligand
Binding Domain (LBD) that causes dimerization
between  EGFR  proteins (Lemmon and
Schlessinger, 2010). The kinase domain will then
undergo autophosphorylation and activate several
pathways that have a role in cell growth (Ciardiel-
lo et al., 2004). EGFR overexpression cause lung

Protein Ligand Binding affinity Chemical interaction Amino acid
(kcal/mol)
Hydrogen bond Gly721, Lys745, Arg841, Asn842, Asp855
ATP -8.9
Hydrophobic interaction -
EGFR Lys745, Phe723, Cys797, Tyr801, Tyr998,
Hydrogen bond Glu906
Peptide 10 -9
.. . Gly721, Ala743, Arg841, Leu718, Leu792,
Hydrophobic interaction Met793, Asn842, Phe997, Lys728
Hvdrogen bond Ser806, Lys807, Val882, Lys833, Asn951,
ATP 7.7 s Asp96d
Hydrophobic interaction -
PIBK
Lys808, Val882, Ala885, Asp964, Asp950,
Peptide5 82 Hydrogen bond Ser806, Lys807, GIn893, Asn951, Asp964
Hydrophobic interaction Trp812, I1e881, Ala885
Hvdrogen bond Thr529, Cys532, Phe595, Ser536, Asn580,
ATP 69 yerog Asp594
Hydrophobic interaction -
BRAF
Cysb32, Thr529, His574, Asp594, Ala497,
Pept’ide 5 8.1 Hydrogen bond ASH500, Glu501
Hydrophobic interaction Trp531, Asn580, Cys532, Val504
Hydrogen bond Phe833, Glu903, Cys909, Arg953, Asp967
ATP -7.7
Hydrophobic interaction -
JAK3 Glu903, Cys909, Arg911, Asp912, Asp949,

Hydrogen bond

Arg953, Asp967, Ser989

Peptide 11 -8.1

Hydrophobic interaction

Ala853, Leu828, Leu956, Ala951, Trp993,
Pro990, Phe992
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cancer and EGFR overexpression occur in 89% of
NSCLC patients (Prabhakar, 2015). One of the
most effective strategies to stop EGFR activity is to
block its interactions with ATP, so EGFR cannot
activate several pathways after activating (Yun et
al., 2008). Inhibitory agents targeted at EGFR have
to bind with EGFR ATP binding pocket that is lo-
cated in Leu718, Val726, Gly745, Leu 788, Gly796,
Cys797, Leu844, and Asp855 residual amino acids
so that they can compete with ATP (Liao et al.,
2011). Previous research reports that the inhibition
of EGFR activity can inhibit cancer cells' growth
with several mechanisms. EGFR inhibited by ge-
fitinib downregulates survivin's expression, an
anti-apoptotic protein that means it can induce
apoptosis on several NSCLC cell lines and can
induce apoptosis in breast cancer cells (Campiglio
et al., 2004; Okamoto et al., 2010). EGFR inhibited
by PD153035 can increase the expression of several
genes that stimulate inflammation, apoptosis, and
cervical cancer cell invasion (Woodworth, 2005).
FR18 that inactivates EGFR by blocking the bind-
ing of EGFR with EGF can induce apoptosis in
HT?29 colorectal cancer cell lines (Calonghi et al.,
2007). However, EGFR inhibitors are sometimes
not sufficient because there is a resistance mecha-
nism. Therefore, other pathways are also needed
to be inhibited (Glaysher et al., 2013).

Phosphoinositide 3-kinase (PI3K) is one of the
central proteins in the PI3K/Akt pathway, which
is activated by EGFR (Yip, 2015). After being acti-
vated, PIBK will phosphorylate PIP2 into PIP3,
followed by activation of Aktl and other down-
stream proteins (Hemmings and Restuccia, 2012).
PI3K has overexpression in lung cancer cells that
cause uncontrolled cell survival (Yamamoto et al.,
2008). Therefore, one of the strategies to stop the
survival of lung cancer cells is to inhibit this pro-
tein's activity. This protein's activity can be inhib-
ited by blocking ATP binding to PI3K, so there is
no conversion of PIP2 to PIP3. Hence, a molecule
that can bind to PI3K in the ATP binding pocket is
needed to prevent PI3K bindings with ATP. The
ATP binding pocket of the PI3K protein is located
around the residue of Ala805, Ser806, Trp812,
Lys890, Asp950, and Asp964 (Walker et al., 2000).
PI3K inhibition in previous studies was reported
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that can be inhibited the survival of various types
of cancer cells. Inhibition PI3k by pilarasilib can
reduce phosphorylation of Akt, PRAS40, 4EBPI],
and S6 that involve in tumor tissue and inhibit
MEK/ERK pathway in NSCLC patients (Chen et
al., 2020). ATP competitive inhibitor, flupentixol
dihydrochloride can induce apoptotic of lung can-
cer cell line A549 and H661 (Dong et al., 2019).
However, PI3K inhibition is not predicted to be
sufficient to inhibit the survival of NSCLC cancer
cells because previous studies report that inhibi-
tion of PI3BK/Akt pathway actually induces other
pathways such as MET and STAT3 pathway (Bian
et al., 2018).

B-type Raf kinase (BRAF) is a protein ser-
ine/threonine kinase that has a crucial role in the
BRAF pathway that regulates cell growth, prolif-
eration, survival, and differentiation (Leonetti et
al., 2018). Mutation in the BRAF protein causes the
pathway overactivity and permanent activation.
BRAF mutation in exon 5 is a substitution of ami-
no acid valine to glutamate at amino acid number
600 (V600E). This mutation leads to increased ki-
nase domain activity of BRAF protein (Tan et al.,
2008). This mutation is commonly found in
NSCLC cases (O'Leary et al., 2019). Therefore,
BRAF V600E inhibitor essential to inhibit the
growth of NSCLC. One of the strategies is to inhib-
it phosphorylation activity by blocking the bond
between BRAF and ATP. Inhibitor molecule must
bind to BRAF V600E in the ATP binding pocket
located around the residue of Ile463, Val471,
Ala481, Lys483, 11e527, Leu514, Thr529, GIn530,
Trp531, Cys532, Gly534, Asn581, and Phe583 (Luo
et al., 2008). Previous studies reported that inhibi-
tion of BRAF V600E activity able to prevent cancer
cell growth. BRAF V600E inhibited with vemuraf-
enib resulted in apoptotic of various lung cancer
cell lines, cell cycle arrest in the G1 phase, and in-
creased BIM (pro-apoptotic) expression (Joshi et
al., 2015). However, 30% of the total patients tested
were resistant (Planchard et al., 2013). This is
thought to be due to escaping via another path-
way. In a previous study, colon cancer cells inhib-
ited with vemurafenib induces activation of Akt
(Prahallad et al., 2012). It is estimated that inhibit-
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ed BRAF V600E at NSCLC cells escape via
EGFR/PI3K/ Akt pathway.

Janus kinase 3 (JAK3) and signal transducer
and activator of transcription 3/5 (STAT3/5) is the
main protein in the JAK-STAT signaling pathway.
This pathway has an essential role in the regula-
tion of cell survival and angiogenesis (Groner and
von Manstein, 2017). The overactivity of the JAK-
STAT pathway promotes the transformation of
tumor cells into malignant (Thomas et al., 2015).
Overactivity of this pathway occurs in 22-65% of
NSCLC cases. Therefore, the JAK-STAT signaling
pathway is a critical mediator for NSCLC (Hu et
al., 2014). STAT3/5 will be active as a transcription
factor after being phosphorylated by JAK3. There-
fore, one strategy to inhibit the JAK-STAT signal-
ing pathway is to stop the activity of JAK3 and
STAT3/5 cannot become a transcription factor (Li
et al, 2015). When phosphorylating STAT3/5,
JAKS3 needs to bind with ATP to transfer the phos-
phate to STAT3/5. Therefore, one way to inhibit
JAKS3 is blocking its interaction with ATP with the
compound that binds to the ATP binding pocket of
JAK3, which is located between the residues of
Leu828, Val836, Ala853, Lys855, Met902, E903,
Leu905, Leu956, and Ala966 (Thoma et al., 2011).
Previous studies have stated that JAK-STAT
pathway inhibition can inhibit the growth of vari-
ous cancer cells. JAK-STAT pathway inhibited by
AZD1480 can reduce the proliferation of head and
neck squamous cell carcinoma (HNSCC) in vitro
and in vivo (Sen et al., 2015). JAK3 inhibition by
AG490 can induce apoptosis and cell cycle arrest
in anaplastic large cell lymphoma (ALCL) (Amin
et al.,, 2003). JAK3/STAT3 pathway inhibition can
also induce apoptosis and cell cycle arrest in colon
carcinoma cells (Lin et al., 2005).

We designed a pathway to illustrate the role of
peptides in inhibiting three pathway activity in the
NSCLC progression. Peptides from A. lixula based
on docking results can inhibit three NSCLC-
related pathways. Based on docking results, pep-
tide 10 could inhibit EGFR activity. EGFR is an
essential protein in the growth of lung cancer cells.
EGFR activation will activate several signaling
pathways such as PI3K/Akt pathway, BRAF
pathway, and JAK-STAT pathway (Liu et al., 2013;
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Sun et al., 2016; Singh et al., 2019). The inhibition
of EGFR activity will stop the activation of the
three pathways. However, treatments targeting
EGFR are sometimes unsuccessful due to re-
sistance resulting from mutations in 10-30% of
NSCLC patients (Stewart et al., 2015). That issue
could be overcome by inhibiting the activity of
other proteins that have a role in the growth of
NSCLC. In this study, the peptides can inhibit pro-
teins that play an essential role in the pathways
activated by EGFR. Peptide 5 inhibits PI3K and
BRAF V600E protein activity. PI3K is activated by
EGFR converts PIP2 to PIP3. Then PI3K recruits
the PDK1 protein to phosphorylate Akt. Akt will
phosphorylate its target proteins and resulting in
tumor cell growth and survival (Hemmings and
Restuccia, 2012). Inhibition of PI3K activity will
inhibit proliferation and induce apoptosis in can-
cer cells (Yao et al., 2020). BRAF V600E is activated
by KRAS and it will phosphorylate MEK. Next,
MEK will phosphorylate ERK. ERK travels to the
nucleus and becomes a transcription factor for
genes involved in tumor cell proliferation
(O'Leary et al., 2019). Inhibition of BRAF V600E
activity will stop this pathway and the uncon-
trolled proliferation of cancer cells can be stopped.
JAK-STAT pathway will be activated when JAK3
is activated by EGFR. Then JAK3 phosphorylates
STAT3/5 and forms a dimer. This STAT3/5 dimer
then goes to the nucleus and becomes a transcrip-
tion factor for genes such as Survivin, Mcl-1. Bcl-2,
and VEGF have essential roles in cell proliferation
and survival (Bose et al., 2020). By inhibiting JAK3
activity by peptide 11, this pathway will be inhib-
ited so that proliferation does not proceed and
stimulate cells to apoptosis (Wang et al., 2012). The
peptides from A. lixula have high potential to in-
hibit NSCLC growth because they can inhibit three
pathways at once in NSCLC (Fig. 3). By blocking
the three pathways simultaneously, it is hoped
that it can effectively inhibit the growth of NSCLC.

CONCLUSIONS

The peptides from A. lixula coelomic fluid have
potential as anti-NSCLC agents because they can
inhibit the activity of the EGFR, PI3K, BRAF
V600E, and JAKS3 proteins through the ATP inhibi-
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tor mechanism. Inhibition of these proteins will
inhibit three signaling pathways in NSCLC pro-
gression, namely the PI3K/Akt pathway, BRAF
pathway, and JAK-STAT pathway.

CONFLICT OF INTEREST

The authors declare no conflicts of interests.

ACKNOWLEDGMENTS

This study supported by the Faculty of Biotechnology,
University of Surabaya, Indonesia and Generasi Biologi Indo-
nesia Foundation, Indonesia (Grant Number: GENBINESIA /
007/11/2020).

REFERENCES

Amin HM, Medeiros L], Ma Y, Feretzaki M, Das P, Leventaki
V, Rassidakis GZ, O’Connor SL, McDonnell TJ, Lai R
(2003) Inhibition of JAK3 induces apoptosis and
decreases anaplastic lymphoma kinase activity in
anaplastic large cell lymphoma. Oncogene 22(35): 5399-
5407.

Andl CD, Mizushima T, Oyama K, Bowser M, Nakagawa H,
Rustgi AK (2004) EGFR-induced cell migration is
mediated predominantly by the JAK-STAT pathway in

http://jppres.com/jppres

primary oesophageal keratinocytes. Am ] Physiol
Gastrointest Liver Physiol 287(6): G1227-G1237.

Bian C, Liu Z, Li D, Zhen L (2018) PI3K/AKT inhibition
induces compensatory activation of the MET/STAT3
pathway in non-small cell lung cancer. Oncol Lett 15(6):
9655-9662.

Bose S, Banerjee S, Mondal A, Chakraborty U, Pumarol J,
Croley CR, Bishayee A (2020) Targeting the JAK/STAT
signalling pathway using phytocompounds for cancer
prevention and therapy. Cells 9(6):1451.

Bray F, Ferlay ], Soerjomataram I, Siegel RL, Torre LA, Jemal
A (2018) Global cancer statistics 2018: GLOBOCAN
estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin 68(6): 394-424.

Brehmer D, Greff Z, Godl K, Blencke S, Kurtenbach A, Weber
M, Muller S, Klebl B, Cotten M, Keri G, Wissing ], Daub
H (2005) Cellular targets of gefitinib. Cancer Res 65(2):
379-382.

Bustamante JG, Otterson GA (2019) Agents to treat BRAF-
mutant lung cancer. Drugs Context 8: 1-5.

Calonghi N, Pagnotta E, Parolin C, Mangano C, Bolognesi
ML, Melchiorre C, Masotti L (2007) A new EGFR inhibitor
induces apoptosis in colon cancer cells. Biochem Biophys
Res Commun 354(2): 409-413.

Campiglio M, Locatelli A, Olgiati C, Normanno N, Somenzi
G, Vigano L, Fumagalli M, Ménard S, Gianni L (2004)

J Pharm Pharmacogn Res (2021) 9(4): 493


http://jppres.com/jppres

Widyananda et al.

Inhibition of proliferation and induction of apoptosis in
breast cancer cells by the epidermal growth factor
receptor (EGFR) tyrosine kinase inhibitor ZD1839
(‘Iressa’) is independent of EGFR expression level:
Proliferation inhibition and apoptosis induction by
ZD1839. ] Cell Physiol 198(2): 259-268.

Chen K, Shang Z, Dai AL, Dai PL (2020) Corrigendum to
"Novel PI3K/Akt/mTOR pathway inhibitors plus
radiotherapy: Strategy for non-small cell lung cancer with
mutant RAS gene". Life Sci 257: 118141.

Ciardiello F, De Vita F, Orditura M, Tortora G (2004) The role
of EGFR inhibitors in nonsmall cell lung cancer. Curr
Opin Oncol 16(2): 130-135.

Cirino P, Brunet C, Ciaravolo M, Galasso C, Musco L, Vega
FT, Sansone C, Toscano A (2017) The sea urchin Arbacia
lixula: A novel natural source of astaxanthin. Mar Drugs
15(6): 187.

Craik DJ, Fairlie DP, Liras S, Price D (2013) The future of
peptide-based drugs. Chem Biol Drug Des 81(1): 136-147.

Dallakyan S, Olson AJ (2015) Small-molecule library screening
by docking with PyRx. Methods Mol Biol 243-250.

Didkowska ], Wojciechowska U, Marniczuk M, Lobaszewski ]
(2016) Lung cancer epidemiology: Contemporary and
future challenges worldwide. Ann Transl Med 4(8): 150.

Dong C, Chen Y, Li H, Yang Y, Zhang H, Ke K, Shi XN, Liu X,
Li L, Ma J, Kung HF, Chen C, Lin MC (2019) The
antipsychotic agent flupentixol is a new PI3K inhibitor
and potential anticancer drug for lung cancer. Int J Biol
Sci 15(7): 1523-1532.

El-Telbany A, Ma PC (2012) Cancer genes in lung cancer:
Racial disparities: Are there any? Genes Cancer 3(7): 467-
480.

Ferlay J, Colombet M, Soerjomataram I, Mathers C, Parkin,
DM, Pifieros M, Znaor A, Bray F (2019) Estimating the
global cancer incidence and mortality in 2018:
GLOBOCAN sources and methods. Int ] Cancer 144(8):
1941-1953.

Glaysher S, Bolton LM, Johnson P, Atkey N, Dyson M,
Torrance C, Cree IA (2013) Targeting EGFR and PI3K
pathways in ovarian cancer. Br J Cancer 109(7): 1786-
1794.

Groner B, von Manstein V (2017) Jak Stat signalling and
cancer: Opportunities, benefits and side effects of
targeted inhibition. Mol Cell Endocrinol 451: 1-14.

Hemmings BA, Restuccia DF (2012) Pi3k-PKB/ Akt pathway.
Cold Spring Harb Perspect Biol 4(9): a011189.

Hu Y, Hong Y, Xu Y, Liu P, Guo DH, Chen Y (2014) Inhibition
of the JAK/STAT pathway with ruxolitinib overcomes
cisplatin resistance in non-small-cell lung cancer NSCLC.
Apoptosis 19(11): 1627-1636.

Islam KM, Anggondowati T, Deviany PE, Ryan JE, Fetrick A,
Bagenda D, Copur MS, Tolentino A, Vaziri I, McKean
HA, Dunder S, Gray JE, Huang C, Ganti AK (2019)
Patient preferences of chemotherapy treatment options

http://jppres.com/jppres

Sea urchin peptides as multi-target inhibitor of NSCLC

and tolerance of chemotherapy side effects in advanced
stage lung cancer. BMC Cancer 19(1): 835.

Jordan EJ, Kim HR, Arcila ME, Barron D, Chakravarty D, Gao
J, Chang MT, Ni A, Kundra R, Jonsson P, Jayakumaran G,
Gao SP, Johnsen HC, Hanrahan AJ, Zehir A, Rekhtman
N, Ginsberg MS, Li BT, Yu HA, Paik PK, Drilon A,
Hellmann MD, Reales DN, Benayed R, Rusch VW, Kris
MG, Chaft JE, Baselga J, Taylor BS, Schultz N, Rudin CM,
Hyman DM, Berger MF, Solit DB, Ladanyi M, Riely GJ
(2017) Prospective comprehensive molecular
characterization of lung adenocarcinomas for efficient
patient matching to approved and emerging therapies.
Cancer Discov 7(6): 596-609.

Joshi M, Rice SJ, Liu X, Miller B, Belani CP (2015) Trametinib
with or without vemurafenib in BRAF mutated non-small
cell lung cancer. PloS One 10(2): e0118210.

Kastritis PL, Bonvin AM (2013) On the binding affinity of
macromolecular interactions: daring to ask why proteins
interact. ] R Soc Interface 10(79): 20120835.

Kawakami H, Huang S, Pal K, Dutta SK, Mukhopadhyay D,
Sinicrope FA (2016) Mutant BRAF upregulates MCL-1 to
confer apoptosis resistance that is reversed by mcl-1
antagonism and cobimetinib in colorectal cancer. Mol
Cancer Ther 15(12): 3015-3027.

Lamiable A, Thévenet P, Rey ], Vavrusa M, Derreumaux P,
Tufféry P (2016) PEP-FOLD3: Faster de novo structure
prediction for linear peptides in solution and in complex.
Nucleic Acids Res 44(W1): W449-W454.

Lee MW, Kim DS, Lee JH, Lee BS, Lee SH, Jung HL, Sung KW,
Kim HT, Yoo KH, Koo HH (2011) Roles of AKT1 and
AKT2 in non-small cell lung cancer cell survival, growth,
and migration. Cancer Sci 102(10): 1822-1828.

Lemmon MA, Schlessinger J (2010) Cell signalling by receptor
tyrosine kinases. Cell 141(7): 1117-1134.

Leonetti A, Facchinetti F, Rossi G, Minari R, Conti A, Friboulet
L, Tiseo M, Planchard D (2018) BRAF in non-small cell
lung cancer (NSCLC): Pickaxing another brick in the wall.
Cancer Treat Rev 66: 82-94.

Li HX, Zhao W, Shi Y, Li YN, Zhang LS, Zhang HQ, Wang D
(2015) Retinoic acid amide inhibits JAK/STAT pathway
in lung cancer which leads to apoptosis. Tumour Biol
36(11): 8671-8678.

Liao QH, Gao QZ, Wei ], Chou KC (2011) Docking and
molecular dynamics study on the inhibitory activity of
novel inhibitors on epidermal growth factor receptor
(EGFR). Med Chem 7(1): 24-31.

Lim SY, Menzies AM, Rizos H (2017) Mechanisms and
strategies to overcome resistance to molecularly targeted
therapy for melanoma: Resistance to melanoma targeted
therapy. Cancer 123(S11): 2118-2129.

Lin Q, Lai R, Chirieac LR, Li C, Thomazy VA, Grammatikakis
I, Rassidakis GZ, Zhang W, Fujio Y, Kunisada K,
Hamilton SR, Amin HM (2005) Constitutive activation of
JAK3/STATS3 in colon carcinoma tumors and cell lines:
inhibition of JAK3/STAT3 signalling induces apoptosis

] Pharm Pharmacogn Res (2021) 9(4): 494


http://jppres.com/jppres

Widyananda et al.

and cell cycle arrest of colon carcinoma cells. Am J Pathol
167(4): 969-980.

LiuW, Ren H, Ren J, Yin T, Hu B, Xie S, Dai Y, Wu W, Xiao Z,
Yang X, Xie D (2013) The role of
EGFR/PI3K/Akt/cyclinD1  signalling pathway in
acquired middle ear cholesteatoma. Mediators Inflamm
2013: 1-9.

Luo C, Xie P, Marmorstein R (2008) Identification of BRAF
inhibitors through in silico screening. ] Med Chem 51(19):
6121-6127.

Luparello C, Ragona D, Asaro DML, Lazzara V, Affranchi F,
Arizza V, Vazzana M (2020) Cell-free coelomic fluid
extracts of the sea wurchin Arbacia lixula impair
mitochondrial potential and cell cycle distribution and
stimulate reactive oxygen species production and
autophagic activity in triple-negative MDA-MB231 breast
cancer cells. ] Mar Sci Eng 8(4): 261.

McCall B, McPartland C, Moore R, Frank-Kamenetskii A,
Booth B (2018) Effects of astaxanthin on the proliferation
and migration of breast cancer cells in vitro. Antioxidants
7(10): 135.

Mohan G, P AHT, J JA, Narayanasamy A, Vellingiri B (2019)
Recent advances in radiotherapy and its associated side
effects in cancer —a review. ] Basic Appl Zool 80(14): 14.

Negoro S, Kunisada K, Tone E, Funamoto M, Oh H,
Kishimoto T, Yamauchi-Takihara K (2000) Activation of
JAK/STAT pathway transduces cytoprotective signal in
rat acute myocardial infarction. Cardiovasc Res 47(4):
797-805.

O’Leary CG, Andelkovic V, Ladwa R, Pavlakis N, Zhou C,
Hirsch F, Richard D, O'Byrne K (2019) Targeting BRAF
mutations in non-small cell lung cancer. Transl Lung
Cancer Res 8(6): 1119-1124.

Okamoto K, Okamoto I, Okamoto W, Tanaka K, Takezawa K,
Kuwata K, Yamaguchi H, Nishio K, Nakagawa K (2010)
Role of survivin in EGFR inhibitor-induced apoptosis in
non-small cell lung cancers positive for EGFR mutations.
Cancer Res 70(24): 10402-10410.

Pantsar T, Poso A (2018) Binding affinity via docking: Fact
and fiction. Molecules: 23(8): 1899.

Pao W, Miller VA (2005) Epidermal growth factor receptor
mutations, small-molecule kinase inhibitors, and non-
small-cell lung cancer: Current knowledge and future
directions. J Clin Oncol 23(11): 2556-2568.

Planchard D, Mazieres ], Riely GJ, Rudin CM, Barlesi F, Quoix
EA, Souquet PJ, Socinski MA, Switzky J, Ma B, Goodman
VL, Carson SW, Curtis CM, Streit MRW, Johnson BE
(2013) Interim results of phase II study BRF113928 of
dabrafenib in BRAF V600E mutation-positive non-small
cell lung cancer (NSCLC) patients. ] Clin Oncol 31(15):
8009-8009.

Prabhakar CN (2015) Epidermal growth factor receptor in
non-small cell lung cancer. Transl Lung Cancer Res 4(2):
110-118.

http://jppres.com/jppres

Sea urchin peptides as multi-target inhibitor of NSCLC

Prahallad A, Sun C, Huang S, Nicolantonio FD, Salazar R,
Zecchin D, Beijersbergen RL, Bardelli A, Bernards R
(2012) Unresponsiveness of colon cancer to BRAF (V600E)
inhibition through feedback activation of EGFR. Nature
483(7387): 100-103.

Ramsay RR, Popovic-Nikolic MR, Nikolic K, Uliassi E,
Bolognesi ML (2018) A perspective on multi-target drug
discovery and design for complex diseases. Clin Transl
Med 7(1): 3.

Sciani JM, Emerenciano AK, Silva JRMCD, Pimenta DC (2016)
Initial peptidomic profiling of Brazilian sea urchins:
Arbacia lixula, Lytechinus variegatus and Echinometra
Iucunter. ] Venom Anim and Toxins Incl Trop Dis 22(1):
17.

Sen M, Pollock NI, Black J, DeGrave KA, Wheeler S, Freilino
ML, Joyce S, Lui VWY, Zeng Y, Chiosea SI, Grandis JR
(2015) JAK kinase inhibition abrogates STAT3 activation
and head and neck squamous cell carcinoma tumor
growth. Neoplasia 17(3): 256-264.

Singh V, Guleria P, Malik PS, Mohan A, Thulkar S, Pandey
RM, Luthra K, Arava S, Ray R, Jain D (2019) Epidermal
growth factor receptor (EGFR), KRAS, and BRAF
mutations in lung adenocarcinomas: A study from India.
Curr Probl Cancer 43(5): 391-401.

Stewart EL, Tan SZ, Liu G, Tsao MS (2015) Known and
putative mechanisms of resistance to EGFR targeted
therapies in NSCLC patients with EGFR mutations—a
review. Transl Lung Cancer Res 4(1): 67.

Sun Y, Han Y, Wang X, Wang W, Wang X, Wen M, Xia J, Xing
H, Li X, Zhang Z (2016) Correlation of EGFR Del 19 with
Fn14/JAK/STAT signalling molecules in non-small cell
lung cancer. Oncol Rep 36(2): 1030-1040.

Suzuki M, Shigematsu H, Hiroshima K, lizasa T, Nakatani Y,
Minna JD, Gazdar AF, Fujisawa T (2005) Epidermal
growth factor receptor expression status in lung cancer
correlates with its mutation. Hum Pathol 36(10): 1127~
1134.

Tan YH, Liu Y, Eu KW, Ang PW, Li WQ, Salto-Tellez M,
Iacopetta B, Soong R (2008) Detection of BRAF V600E
mutation by pyrosequencing. Pathology 40(3): 295-298.

Thao NP, Luyen BTT, Kim EJ, Kang JI, Kang HK, Cuong NX,
Nam NH, Kiem PV, Minh CV, Kim YH (2015) Steroidal
constituents from the edible sea urchin Diadema savignyi

Michelin induce apoptosis in human cancer cells. ] Med
Food 18(1): 45-53.

Thoma G, Nuninger F, Falchetto R, Hermes E, Tavares GA,
Vangrevelinghe E, Zerwes HG (2011) Identification of a
potent Janus kinase 3 inhibitor with high selectivity
within the Janus kinase family. ] Med Chem 54(1): 284-
288.

Thomas SJ, Snowden JA, Zeidler MP, Danson SJ (2015) The
role of JAK/STAT signalling in the pathogenesis,
prognosis and treatment of solid tumours. Br J Cancer
113(3): 365-371.

J Pharm Pharmacogn Res (2021) 9(4): 495


http://jppres.com/jppres

Widyananda et al.

Tokumo M, Toyooka S, Kiura K, Shigematsu H, Tomii K, Aoe
M, Ichimura K, Tsuda T, Yano M, Tsukuda K, Tabata M,
Ueoka H, Tanimoto M, Date H, Gazdar AF, Shimizu N
(2005) The relationship between epidermal growth factor
receptor mutations and clinicopathologic features in non-
small cell lung cancers. Clin Cancer Res 11(3): 1167-1173.

Trott O, Olson AJ (2010) AutoDock Vina: improving the speed
and accuracy of docking with a new scoring function,

efficient optimization, and multithreading. ] Comput
Chem 31(2): 455-461.

Wainberg ZA, Anghel A, Desai AJ, Ayala R, Luo T, Afran B,
Fejzo MS, Hecht JR, Slamon DJ, Finn RS (2010) Lapatinib,
a dual EGFR and HER2 kinase inhibitor, selectively
inhibits HER2-amplified human gastric cancer cells and is
synergistic with trastuzumab in vitro and in vivo. Clin
Cancer Res 16(5): 1509-1519.

Walker EH, Pacold ME, Perisic O, Stephens L, Hawkins PT,
Wymann MP, Williams RL (2000) Structural determinants
of phosphoinositide 3-kinase inhibition by wortmannin,
LY294002, quercetin, myricetin, and staurosporine. Mol
Cell 6(4): 909-919.

Wang X, Liu Q, Thsan A, Huang L, Dai M, Hao H, Cheng G,
Liu Z, Wang Y, Yuan Z (2012) JAK/STAT pathway plays
a critical role in the proinflammatory gene expression and
apoptosis of RAW264. 7 cells induced by trichothecenes
as DON and T-2 toxin. Toxicol Sci 127(2): 412-424.

Sea urchin peptides as multi-target inhibitor of NSCLC

Woodworth CD (2005) Inhibition of the epidermal growth
factor receptor increases expression of genes that
stimulate inflammation, apoptosis, and cell attachment.
Mol Cancer Ther 4(4): 650-658.

Yamamoto H, Shigematsu H, Nomura M, Lockwood WW,
Sato M, Okumura N, Soh ], Suzuki M, Wistuba II, Fong
KM, Lee H, Toyooka S, Date H, Lam WL, Minna ]JD,
Gazdar AF (2008) PIK3CA mutations and copy number
gains in human lung cancers. Cancer Res 68(17): 6913-
6921.

Yao J, Xu M, Liu Z (2020) Rapamycin inhibits proliferation
and apoptosis of retinoblastoma cells through PI3K/AKT
signalling pathway. Oncol Lett 19(4): 2950-2956.

Yip PY (2015) Phosphatidylinositol 3-kinase-AKT-mammalian
target of rapamycin (PI3K-Akt-mTOR) signalling
pathway in non-small cell lung cancer. Transl Lung
Cancer Res 4(2): 165-176.

Yun CH, Mengwasser KE, Toms AV, Woo MS, Greulich H,
Wong KK, Meyerson M, Eck M] (2008) The T790M
mutation in EGFR kinase causes drug resistance by
increasing the affinity for ATP. Proc Natl Acad Sci U S A
105(6): 2070-2075.

Zhuang Z, Zhao X, Wu Y, Huang R, Zhu L, Zhang Y, Shi ]
(2011) The anti-apoptotic effect of PI3K-Akt signalling

pathway after subarachnoid hemorrhage in rats. Ann
Clin Lab Sci 41(4): 364-372.

AUTHOR CONTRIBUTION:

Contribution Widyananda MH Pratama SK Samoedra RS Sari FN Kharisma VD Ansori ANM Antonius Y
Concepts or ideas X X X X X X X
Design X X X X
Definition of intellectual content X X X X
Literature search X X X X

Experimental studies X X X X X X X
Data acquisition X X X X X X
Data analysis X X X X X
Statistical analysis X

Manuscript preparation X X X

Manuscript editing X X X X
Manuscript review X X X X X X X

Citation Format: Widyananda MH, Pratama SK, Samoedra RS, Sari FN, Kharisma VD, Ansori ANM, Antonius Y (2021) Molecular docking
study of sea urchin (Arbacia lixula) peptides as multi-target inhibitor for non-small cell lung cancer (NSCLC) associated proteins. ] Pharm

Pharmacogn Res 9(4): 484-496.

http://jppres.com/jppres

] Pharm Pharmacogn Res (2021) 9(4): 496



http://jppres.com/jppres

