X

e marine drugs MBPI|

Review

A Bibliometric and In Silico-Based Analysis of Anti-Lung
Cancer Compounds from Sea Cucumber

Afshin Zare 11, Safoura Izanloo >%%, Sajed Khaledi (), Mussin Nadiar Maratovich 3{,
Asset Askerovich Kaliyev °, Nurgul Abdullayevna Abenova ®(", Farhad Rahmanifar 7, Mahdi Mahdipour 8°0,
Shabnam Bakhshalizadeh 101102 Reza Shirazi 1>(0, Nader Tanideh 113142 and Amin Tamadon 1/15*

check for
updates

Citation: Zare, A.; Izanloo, S.;
Khaledi, S.; Maratovich, M.N.;
Kaliyev, A.A.; Abenova, N.A;
Rahmanifar, F.; Mahdipour, M.;
Bakhshalizadeh, S.; Shirazi, R.; et al.
A Bibliometric and In Silico-Based
Analysis of Anti-Lung Cancer
Compounds from Sea Cucumber.
Mar. Drugs 2023, 21, 283. https://
doi.org/10.3390/md21050283

Academic Editors: Guangling Jiao

and Guangli Yu

Received: 31 March 2023
Revised: 18 April 2023

Accepted: 25 April 2023
Published: 28 April 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

The PerciaVista Biotechnology Company, Shiraz 71676-83745, Iran; afshinzareresearch@gmail.com (A.Z.)
Department of Anatomical Sciences, School of Medicine, Iran University of Medical Sciences,
Tehran 14496-14535, Iran
3 School of Nursing, North Khorasan University of Medical Sciences, Bojnurd 94149-74877, Iran
Department of Anatomy, Faculty of Medical Sciences, Tarbiat Modares University, Tehran 14117-13116, Iran
5 General Surgery, West Kazakhstan Marat Ospanov Medical University, Aktobe 030019, Kazakhstan;
nadiar_musin@zkmu.kz (M.N.M.); aset_kaliyev@mail.ru (A.A.K.)
Department of Internal Diseases, West Kazakhstan Marat Ospanov Medical University,
Aktobe 030019, Kazakhstan
Department of Basic Sciences, School of Veterinary Medicine, Shiraz University, Shiraz 71348-14336, Iran
8 Stem Cell Research Center, Tabriz University of Medical Sciences, Tabriz 51666-53431, Iran
Department of Applied Cell Sciences, Faculty of Advanced Medical Sciences,
Tabriz University of Medical Sciences, Tabriz 51666-53431, Iran
10 Reproductive Development, Murdoch Children’s Research Institute, Melbourne, VIC 3052, Australia
11 Department of Paediatrics, University of Melbourne, Melbourne, VIC 3010, Australia
12 Department of Anatomy, School of Medical Sciences, Biomedical & Health, UNSW Sydney,
Sydney, NSW 1466, Australia; reza.shirazi@unsw.edu.au
Stem Cells Technology Research Center, Shiraz University of Medical Sciences, Shiraz 71348-14336, Iran
14 Department of Pharmacology, Medical School, Shiraz University of Medical Sciences, Shiraz 71348-14336, Iran
15 Department for Scientific Work, West Kazakhstan Marat Ospanov Medical University,

Aktobe 030010, Kazakhstan
*  Correspondence: amintamaddon@yahoo.com; Tel./Fax: +7-705-629-9350
1t These authors contributed equally to this work.

13

Abstract: Lung cancer is one of the most lethal malignancies in the world. However, current curative
approaches for treating this type of cancer have some weaknesses. Therefore, scientists are attempting
to discover new anti-lung cancer agents. Sea cucumber is a marine-derived source for discovering
biologically active compounds with anti-lung cancer properties. To explore the anti-lung cancer
properties of sea cucumber, we analyzed surveys using VOSviewer software and identified the most
frequently used keywords. We then searched the Google Scholar database for compounds with
anti-lung cancer properties within that keyword family. Finally, we used AutoDock 4 to identify the
compounds with the highest affinity for apoptotic receptors in lung cancer cells. The results showed
that triterpene glucosides were the most frequently identified compounds in studies examining the
anti-cancer properties of sea cucumbers. Intercedenside C, Scabraside A, and Scabraside B were the
three triterpene glycosides with the highest affinity for apoptotic receptors in lung cancer cells. To the
best of our knowledge, this is the first time that anti-lung cancer properties of sea cucumber-derived
compounds have been examined in in silico conditions. Ultimately, these three components displayed
anti-lung cancer properties in in silico conditions and may be used for the manufacture of anti-lung
cancer agents in the near future.

Keywords: lung neoplasms; marine biology; bibliometrics; in silico techniques; sea cucumbers;
anti-cancer agents; triterpenes; glucosides; apoptosis

Mar. Drugs 2023, 21, 283. https:/ /doi.org/10.3390/md21050283 https://www.mdpi.com/journal /marinedrugs


https://doi.org/10.3390/md21050283
https://doi.org/10.3390/md21050283
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/marinedrugs
https://www.mdpi.com
https://orcid.org/0000-0002-1932-8773
https://orcid.org/0009-0008-1987-1208
https://orcid.org/0000-0003-3600-8840
https://orcid.org/0000-0003-0395-9025
https://orcid.org/0000-0002-2729-4593
https://orcid.org/0000-0003-1920-9093
https://orcid.org/0000-0002-3907-079X
https://orcid.org/0000-0001-9282-1778
https://orcid.org/0000-0002-0222-3035
https://doi.org/10.3390/md21050283
https://www.mdpi.com/journal/marinedrugs
https://www.mdpi.com/article/10.3390/md21050283?type=check_update&version=2

Mar. Drugs 2023, 21, 283

2 0f23

1. Introduction

To date, lung cancer is known as the most commonly diagnosed cancer with a high
mortality rate, making it vital to develop effective anti-tumor agents [1]. Although surgery,
chemotherapy, radiotherapy, and adjuvant therapy are the most utilized methods to treat
this malady [2], some of their weak points include resistance against current medications,
toxicity of current therapeutic agents, lack of publicity for different types of treatment
strategies, and the lack of a certain curative drug, all of which have urged scientists to
search for novel compounds with anti-lung cancer properties [2].

Natural sources have gained a lot of attention from scientists in order to find new
biologically active components [3]. The marine environment is a rich source of discovery
for novel therapeutic anti-cancer agents due to the vast diversity of its biological compo-
nents. As a result, approximately 14,000 pharmacologically active components have been
discovered and isolated from them. Therefore, scientists are attracted to marine-derived
sources with the purpose of treating malignancies [4-6].

Sea cucumbers are invertebrates known to be valuable marine sources with a vast
range of uses in the food and medical industries. Previous studies have demonstrated
that sea cucumbers have various biologically active compounds, including proteins, cere-
brosides, triterpene glycosides, sphingoids, and polysaccharides [7]. Their extract has
exhibited anti-inflammatory, anti-oxidant, and anti-tumor activities [8].

Various types of in vivo, in vitro, and in silico studies have been conducted to discover
the accurate anti-tumor mechanisms of sea cucumbers. The results have shown that sea
cucumbers and their extract can induce cancer cell death via apoptosis induction, inhibiting
cell division and inducing anti-angiogenesis effects [3].

Due to the insufficient amount of review studies in the field of anti-lung cancer features
of compounds in sea cucumbers, this study examines all the research in the field of anti-lung
cancer effects of sea cucumbers to find the most frequent biologically active compounds
in the extracts of different types of sea cucumbers with anti-lung cancer properties. After
that, we assessed the affinity of these components to the receptors involved in the death of
lung cancer cells using molecular docking. Finally, this study identifies the most potent
anti-lung cancer compound in the extracts of sea cucumbers based on previous surveys and
an in silico condition. To the best of our knowledge, this manuscript is the first study that
examines anti-lung cancer compounds of sea cucumbers in an in silico condition. These
compounds may be used to develop novel anti-lung cancer drugs in the near future.

2. Results
2.1. PubMed Online Database Analysis

An analysis of the PubMed online database revealed 398 surveys conducted between
1973 and 2023 that have examined the anti-cancer properties of sea cucumbers. The number
of studies on sea cucumber’s anti-cancer properties is depicted in Figure 1.
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Figure 1. The number of studies examining the anti-cancer effects of sea cucumber from 1973 to 2023.
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2.2. Triterpene Glycosides Are the Most Frequent Components in Anti-Cancer Studies of
Sea Cucumber

VOSviewer software analysis categorized all 398 studies into 703 items, 84 clusters,
1694 links, with a total link strength of 1768. Moreover, according to the analysis of the
VOSviewer software on all 398 surveys that had investigated the anticancer features of sea
cucumbers, it was found that triterpene glycosides were the most frequently occurring type
of compound in various types of sea cucumbers that have been studied for their anti-cancer
features (Figure 2 and Table 1). After triterpene glycosides, Fucosylated chondroitin sulfate
and Frondoside A ranked second and third, respectively (Table 1).

abcal nrnas

bioavailability eicosapen(ae&ic acid-enriched
cereb@ides
degradation mechanism b lymphocyte
nf-kb \
Sa pO nin lc-giims antibiotic
¢ & calcium binding
cell dedifferentiation antitumor -
invitro
acaudina molpadioides cucumaria frondosa R
anti-hyperglycemic effects antibiotics baculoviral inhibitor of apopt
fucosylated chondpltun sulfat e, e

biggrid
a nglogene5|s

cell mgatlon

triterpene glycgsides” -~ aday-

intestine rgeneratlon behavior

evolutionary biology

mir=137 acute leukemia o ologicghnetwork
triterpene glycoside poliariiyesicle chemotherapy antibacterial
cecal ligationand puncture evi caspase-3
raw264.7 i
apost pus japonicas woungggpaling
anticoagulant and antithrombot myeloma
cercodemas anceps innate Immune egfr
- acetylated triterpene glycosid

spatial ession innate immunity holothuria moebii
mit dria antipraoliferative
rnai methotrexate

dried aquatic products

adamts13-like epc cell nf-kb1 p105

elagase hypoxia/reoxygenation(h/r)

Figure 2. The most frequent keywords in the surveys that have studied the anti-cancer features of sea
cucumber. The size of each keyword represents the frequency of it.

Table 1. Three most frequent keywords in surveys in which the anti-cancer features of sea cucumber
are examined.

Keywords Cluster Link Total Link Strength  Occurrence
Triterpene glycosides 12 46 66 24
Fucosylated chondroitin sulfate 18 50 55 14
Frondoside A 13 27 28 9

2.3. Triterpene Glycosides in the Sea Cucumber Extract with Anti-Lung Cancer Properties

Since 1973, 22 triterpene glycosides have been proven to possess anti-lung cancer
properties. Detailed information regarding the effects of all 22 mentioned components on
lung cancer can be found in Table 2.



Mar. Drugs 2023, 21, 283

4 0f 23

Table 2. The list of triterpene glycosides in the extract of various sea cucumbers with anti-lung

cancer properties.

Compounds Sources Type of Cancer cell Mechanism References
Anti-proliferation
Cucumaria frondosa A549 Anti-metastasis
Frondoside A Okinawa propolis LNM35 Anti-angiogenesis [9,10]
NCI-H460-Luc2 Anti-invasion
Cytotoxicity
Intercedenside A . .
Intercedenside B Mensamaria intercedens Lewis lung carcinoma CytOtOXiCity [11]
Intercedenside C cells
Arguside B
Arguside C .
Arguside D Bohadschia argus A549 Cytotoxicity [12-14]
Arguside E
Impatienside A Holothuria impatiens
Cytotoxicity
Nobiliside D Holothuria nobilis Ab549 Anti-proliferation [15]
Apoptosis
Scabraside A [16]
Scabraside B Holothuria scabra A549 Cytotoxicity
Scabraside D [17]
Coloquadranoside A
Philinopside A Colochirus [18]
Philinopside B quadrangularis A549 Cytotoxicity
Philinopside E
Pentactaside B Pentacta quadrangularis [19]
Pentactaside C Pentacta quadrangularis Ab49 Cytotoxicity [19]
5 4_SZE;§;§:£$$);§€ A Holothuria scabra A549 Cytotoxicity [17]
Saponin Holothuria leucospilota Ab49 Cytotoxicity [20]

2.4. Intercedenside C, Scabraside A, and Scabraside B Had the Most Affinity to Receptors That Are
Involved in the Apoptosis of Lung Cancer Cells

Table 3 shows that Intercedenside C exhibited the highest binding affinity to receptors
that are involved in the apoptosis process of lung cancer cells, except for Insulin-like
growth factor 1 receptor (IGFR1), Caspase-7, Caspase-9, and Endothelial protein C receptor
(EPCR). Additionally, Figure 3 displays all the participant molecules and interactions that
are involved in the binding process of Intercedenside C with the aforementioned receptors.
In contrast, Scabraside B demonstrated the highest affinity to IGFR1, Caspase-7, and EPCR,
while Scabraside A exhibited the best tendency towards Caspase-9 (Table 3). The 2D
structures of all three components with the highest affinity to the mentioned receptors are
shown in Figure 4.
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Table 3. The affinity of triterpene glycosides with anti-lung cancer properties in the extract of various sea cucumbers with receptors that are involved in the process
of apoptosis in lung cancer cells (Kcal/mole).

Receptors
Compounds P
Fas R. TNFR1 DR4 DR5 IGFR1 PPAR-y Caspase-3 Caspase-7 Caspase-8 Caspase-9 CB1 CB2 TLR-4 TLR-9 EPCR mGluR 8 PGD2R TGFBR2

Frondoside A —6.41 —6.09 —3.93 —5.36 —1.94 —4.71 —4.40 —2.96 —2.25 —6.67 —6.40 —4.38 —5.57 -373 —2.82 +1.28 -191 —7.08
Intercedenside A -9.95 —9.34 —1253  —14.02 —6.93 —10.05 —10.69 —11.32 —12.77 —12.04 —9.66 —10.06 —1054 —1293 —12.63 —8.64 —12.47 —12.44
Intercedenside B —11.98 —9.64 —10.63 —9.66 —8.52 -7.95 —11.26 —11.59 —11.78 —11.94 -1061 —11.86 —11.80 —11.55 —16.64 —11.10 —13.28 —12.67
Intercedenside C —-1326  —-1339 1498 1535 —13.85 —20.23 —-19.79 —14.49 —15.14 —16.92 —14.87 1404 -1564 1652 —20.14 —13.57 —13.68 —14.16
Arguside B +0.16 —0.47 —2.06 —0.06 +3.91 +0.94 —1.00 —3.74 +1.71 —0.09 —0.87 —1.65 +2.84 +1.31 —0.92 +1.76 +2.85 —2.67
Arguside C —4.57 —3.49 —5.91 —2.12 —0.54 —5.08 —6.92 —4.72 —7.40 —5.20 -7.16 —3.63 —4.12 —3.88 —4.32 —2.68 -1.95 -3.21
Arguside D -3.29 —4.21 —6.99 —8.52 —2.57 —5.11 —3.43 —6.27 —9.09 —6.77 —6.52 —2.96 —7.84 —3.55 —4.67 —4.51 -3.99 —6.57
Arguside E —4.89 —7.67 —7.09 —5.78 —4.92 —4.48 —4.15 —5.58 —4.97 —5.76 —249 —4.45 -3.28 —3.42 —11.42 —4.04 —5.51 —5.82
Impatienside A —2.14 —3.98 —4.21 —4.50 —0.36 —2.51 —4.52 —3.86 —4.45 —4.55 —3.79 —2.50 —3.61 —3.50 —5.08 -1.37 —2.67 -3.23
Nobiliside D —9.08 —9.88 —10.42 —9.58 —8.91 —14.75 —11.97 —-11.71 —11.36 —9.90 —9.55 -10.69 —9.82 —9.20 —13.07 —8.25 —9.45 —10.14
Scabraside A —1235 —-13.32 —6.41 —8.01 —12.94 —8.59 -11.18 —14.59 —13.77 —18.04 —9.58 -9.11 —9.80 —5.20 —6.29 —6.87 —6.85 —10.28
Scabraside B -10.84 —-1297 -13.61 —-1359 —15.64 —15.69 —14.19 —17.94 —12.97 —17.94 —-11.07 -1343 -1386 —13.05 —20.35 —11.36 —12.34 —12.48
Scabraside D —7.94 —10.08 —8.08 —8.53 —5.61 —9.03 —8.22 —7.53 —8.49 —8.75 —7.51 —6.02 —4.99 —6.80 —9.11 —6.20 —6.95 —5.08
Coloquadranoside A —2.00 —4.58 —1.30 —2.60 +1.11 —0.91 —3.65 —4.11 —4.84 —1.78 —3.03 —0.54 —0.85 —0.84 —3.66 —0.74 -1.73 —3.14
Philinopside A —3.08 -2.19 —4.86 -1.37 —2.19 —4.30 —4.99 —4.77 —5.56 —5.89 —4.79 —5.33 —9.80 —4.07 —6.92 —2.00 —2.08 —6.05
Philinopside B —4.42 —6.49 —5.78 —5.59 -3.01 —4.11 —7.34 —7.40 —6.29 —7.31 —4.19 -3.78 -1.87 —2.46 —6.01 —3.09 —5.25 —5.75
Philinopside E -9.33 -9.20 —1047 —-1047 —-10.59 -9.10 —12.18 —13.30 —11.58 —9.37 —9.84 —8.82 -9.11 -9.79 —1243 —7.88 -9.95 -11.12
Pentactaside B —9.82 —9.28 —12.55 —9.28 —10.49 -17.17 —11.30 —12.70 —14.13 —11.83 —-11.16 —-1141 -9.13 —-11.61 —18.02 —8.81 —8.79 —7.52
Pentactaside C —8.45 —6.76 —7.61 —7.78 —7.06 —6.45 —10.01 —7.82 —6.34 —6.09 —4.07 —9.44 —1.90 —7.44 —4.77 —5.26 —1.93 —9.43
Fuscocineroside C —6.39 —7.36 —6.30 —6.94 —3.53 —5.50 —6.17 —6.80 —8.11 —7.45 —7.56 —3.64 —5.68 -3.14 —11.77 —4.60 —4.05 —4.71
24-Dehydroechinoside A +1.25 -0.97 —1.63 +3.96 +0.94 +3.79 —2.06 -091 —047 —6.85 +0.54 —0.06 +0.89 +0.85 +1.42 +0.73 +1.65 —0.22

Saponin —5.80 —6.80 —7.49 —5.05 —4.49 —-9.25 —4.96 —8.64 —8.78 —8.32 —5.42 —6.92 —-5.72 —6.44 —14.98 —3.86 —3.54 —6.95
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Figure 3. The molecules and interactions that are involved in the binding site of best binding confor-
mation between Intercedenside C, Scabraside A, and Scabraside B and the apoptotic receptors in lung
cancer cells. The interactions between Intercedenside C and following receptors: Fas R. (A), Tumor
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necrosis factor receptor 1 (TNFR1) (B), Death receptor 4 (DR4) (C), Death receptor 5 (DR5) (D), Peroxi-
some proliferator-activated receptor gamma (PPAR-y) (F), Caspase-3 (G), Caspase-8 (I), Cannabinoid
receptor type 1 (CB1) (K), Cannabinoid receptor type 2 (CB2) (L), Toll-like receptor 4 (TLR- 4) (M),
Toll-like receptor 9 (TLR- 9) (N), Metabotropic glutamate receptor 8 (mGluR 8) (P), Prostaglandin D2
(PGD2) (Q), Transforming Growth Factor Beta Receptor 2 (TGFBR2) (R), Scabraside A with Caspase-9
(J), and Scabraside B with the three following receptors: Insulin-like growth factor 1 (IGF-1) (E),
Caspase-7 (H), and Endothelial protein C receptor (EPCR) (O) are demonstrated in detail.

ScabrasideA Intersedenside C

~o o H

H
5 H
o 1o
H H
g o, 0
", H
o H H o
H H
H——H
) H H
H

Scabraside B

HOy,,

Figure 4. The 2D structure of Intercedenside C and Scabrasides A and B.

Furthermore, detailed data about binding affinities between all 22 triterpenes and receptors
that participated in apoptosis in lung cancer are listed in Table S1 (Supplementary Materials).

3. Materials and Methods
3.1. Data Collection and Extraction

On 12 February 2023, we performed an accurate assessment on the PubMed on-
line database to identify the most frequent anti-cancer components in the extract of dif-
ferent sorts of sea cucumber using the following search strategy: Search: (sea cucum-
ber[Title/ Abstract]) AND ((neoplasm*[Title/ Abstract]) OR (neoplasm*[MeSH Terms]) OR
(cancer*[MeSH Terms]) OR (cancer*[Title/ Abstract]) OR (tumor*[Title/ Abstract]) OR (tu-
mor*[MeSH Terms]) OR (cytotoxic*[MeSH Terms]) OR (cytotoxic*[Title/ Abstract]) OR
(proliferation*[Title/ Abstract]) OR (proliferation*[MeSH Terms])).

Next, we analyzed the resulting publications using VOSviewer software (v.1.6.8,
2018) [21], which can analyze the semantic contents of publication titles, keywords, and
abstracts, and then relate them to citation count data. The software produced a bubble map
that revealed the most frequent compounds that have been studied for their anti-cancer
properties in sea cucumber extracts.

We then conducted a search on the Google Scholar database to find anti-lung cancer
compounds within the type of component that resulted from the VOSviewer analysis using
the following search strategy: (“sea cucumber” “lung cancer” -review -overview). We did
not impose any time limitations on either of our search strategies.
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3.2. Molecular Interactions and Docking Studies of Lung Cancer Apoptotic Pathways and
Anti-Lung Cancer Molecules of Sea Cucumber Extract

The 18 most investigated apoptotic receptors were obtained from prior studies [22].
We then utilized AutoDock 4 [23] to examine the binding affinity of all 22 triterpenes in the
extracts of various sea cucumbers that have previously shown anti-lung cancer properties
against these apoptotic receptors.

We achieved the 3D structures of the 22 ligands and 18 apoptotic receptors (Caspa-
se-3, Caspase-7, Caspase-8, Caspase-9, Cannabinoid receptor type 1 (CB1), Cannabinoid
receptor type 2 (CB2), Death receptor 4 (DR4), Death receptor 5 (DR5), EPCR, Fas receptor,
Insulin-like growth factor 1 receptor (IGF1R), Metabotropic glutamate receptor 8 (mGluRS8),
Peroxisome proliferator-activated receptor-y (PPAR-y), Transforming growth factor beta
receptor 2 (TGFBR?2), Toll-like receptor 4 (TLR4), Toll-like receptor 9 (TLR9), Tumor necro-
sis factor receptor 1 (INFR1), and Prostaglandin D2 (PGD2)) from the PUBCHEM and
Protein Data Bank (PDB) databases. The PDB codes for these receptors were 1cp3, 1f1j,
119, 1jxq, 5u09, 6pt0, 5cir, 1za3, 118j, 3ezq, 1ligr, 6bsz, 1i7i, 4kxz, 2z64, 3wpf, 7k7a, and
6d27, respectively.

In the next step, we omitted non-standard residuals and added hydrogen atoms to
each receptor using UCSF Chimera software [24]. We then merged nonpolar hydrogens
and ion pairs and assigned Gasteiger partial charges to each ligand atom. Grid boxes
were generated using the Computed Atlas of Surface Topography of proteins (CASTp
3.0). Finally, we conducted docking and achieved 10 conformations for each receptor and
ligand. All docking conformations were ranked according to the binding affinity and
the conformation with the lowest negative energy and RMSD < 2 A was selected as the
best one.

3.3. Visualization of Inter-Molecular Interactions

The visualization of the 3D structure of the best conformations was performed us-
ing UCSF Chimera software [24]. In addition, the detailed data about intermolecular
interactions between the ligand and the receptor were visualized in 2D using LigPlot+ [25].

4. Discussion
4.1. Sea Cucumbers as an Attractive Anti-Cancer Source

Previous research has shown that sea cucumbers have potential anti-tumor capabilities
due to their biologically active components such as fucoidan and chondroitin sulfates [26].
These components have some remarkable activities such as cytotoxic activity, induction
of apoptosis and cell cycle arrest, reduction of tumor growth, and anti-metastatic and
anti-angiogenic effects. As a result, sea cucumbers have gained the attention of scientists
as potential sources of new anti-cancer agents [26]. In the present study, our findings
demonstrate that research on the anti-tumor properties of sea cucumbers has been growing
in the last few decades (see Figure 1). Our analysis confirms the importance of investigating
the anti-cancer properties of sea cucumbers.

4.2. Triterpene Glycosides Are the Most Frequently Studied Compounds in the Field of Anti-Tumor
Characteristics of Sea Cucumbers

This study revealed that triterpene glycosides have been the most frequently used
keyword in studies that are examining the anti-cancer properties of sea cucumbers (see
Figure 1 and Table 1). While prior research has already highlighted the significant anti-
tumor capabilities of triterpene glycosides [27], the present study emphasizes that these
components have been the most commonly used keywords in researches that are exploring
the anti-cancer properties of sea cucumbers.
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4.3. Triterpene Glycosides with the Best Affinity to Apoptotic Receptors in Lung Cancer
4.3.1. Intercedenside C Had the Most Affinity to the Fas Receptor

Molecular docking analysis revealed that Intercedenside C exhibits the highest affinity
to the Fas receptor with a binding affinity of —13.26 Kcal/mole. The Fas receptor is involved
in both the intrinsic and extrinsic pathways of apoptosis in lung cancer cells. Upon
activation, this receptor triggers the activation of FADD (Fas-associated death domain
protein), which subsequently activates Caspase 8 and leads to the apoptosis of target
cells [28]. Our results demonstrated that Intercedenside C has the remarkable binding
affinity to the Fas receptor in the in silico condition, however, more in vitro and in vivo
research is needed to prove this in silico result. Moreover, a detailed mechanism of the Fas
receptor’s action in the process of apoptosis in lung cancer cells is illustrated in Figure 5.
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Figure 5. The role of the Fas receptor in the process of apoptosis in lung cancer cells.

4.3.2. Intercedenside C Had the Most Affinity to the TNFR1 Receptor

Among all mentioned 22 triterpene glycosides in sea cucumber extracts with anti-lung
cancer activity (see Table 3), Intercedenside C exhibits the highest binding affinity to TNFR1
with a value of —13.39 Kcal/mole. Based on prior surveys, the activation of TNFR1 leads
to the activation of FADD, which subsequently results in apoptosis in lung cancer cells [29].
Notably, despite the high tendency of Intercedenside C towards TNFR1, the need for more
in vitro and in vivo surveys in order to examine this tendency exists. Furthermore, the
mechanism of TNFR1-induced apoptosis in lung cancer cells is illustrated in Figure 6.
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Figure 6. The role of the TNFRI1 receptor in the process of apoptosis in lung cancer cells.
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4.3.3. Intercedenside C Had the Most Affinity to the DR4 and DR5 Receptors

Both the DR4 and DR5 receptors are involved in the process of apoptosis in lung cancer
cells through the activation of FADD [30]. The detailed mechanism of the induction of
apoptosis by these receptors is shown in Figure 7. Additionally, Intercedenside C exhibited
the strongest binding affinity towards both the DR4 and DR5 receptors with binding affinity
values of —14.98 and —15.35 Kcal/mole, respectively. Although, this in silico finding is
consistent with previous studies on the anti-lung cancer activity of Intercedenside C [11],
there is still insufficient in vitro and in vivo surveys to confirm the remarkable finding
still exists.
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Figure 7. The role of the DR4 and DR5 receptors in the process of apoptosis in lung cancer cells.

4.3.4. Scabraside B Had the Most Affinity to the IGFR1 Receptor

IGFR1 plays a crucial role in the survival, metastasis, and drug resistance of lung cancer
cells, making it a valuable therapeutic target for the treatment of this type of cancer [31]. On
the other hand, Scabraside B exhibited the strongest binding affinity to this receptor with a
binding energy of —15.64 Kcal/mole. However, previous studies have also reported that
Scabraside B has anti-cancer effects on lung cancer cells [16]. This suggests that, despite its
high affinity for IGFR1 in in silico conditions, Scabraside B may exert its cytotoxic effects
on lung cancer cells through other tumor cell-killing pathways, including receptors that
induce apoptosis in lung cancer cells.

4.3.5. Intercedenside C Had the Most Affinity to the PPAR-y Receptor

Intercedenside C has exhibited a high affinity to the PPAR-y receptor among all the
22reported triterpene glycosides (Table 3). PPAR-y ligands can induce apoptosis through
both PPAR-~y-dependent and -independent pathways. Intercedenside C exerts its apoptotic
function through the independent pathway [32]. In this pathway, PPAR-y activation
ultimately leads to the activation of a cascade of caspases and induces apoptosis in lung
cancer cells [33]. Besides, it is important to know that in spite of high in silico affinity of
Intercedenside C to this receptor, more studies are essential (in both in vitro and in vivo
conditions) in order to validate this in silico finding. Besides, a detailed mechanism of the
induction of apoptosis through the PPAR-y receptor is shown in Figure 8.
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Figure 8. The role of the PPAR-y receptor in the process of apoptosis in lung cancer cells.

4.3.6. Intercedenside C, Scabraside A, and Scabraside B Had the Most Affinity to Caspases
3,7,8 and 9

Caspases 3, 7, 8, and 9 play a crucial role in the process of apoptosis in lung cancer cells.
Previous studies have demonstrated that one of the significant mechanisms of targeting
lung tumor cells is by activating the mentioned caspases [34]. Therefore, Intercedenside C,
Scabraside A, and Scabraside B, with the highest affinity to the aforementioned Caspases,
can be considered as potential anti-lung cancer compounds in the structure of sea cucum-
bers (Table 3). These findings are in accordance with previous studies that have displayed
the anti-lung cancer capabilities of all three mentioned components [11,16].

4.3.7. Intercedenside C Had the Most Affinity to CB1 and CB2 Receptors

Both CB1 and CB2 receptors are involved in inducing apoptosis through several mecha-
nisms, including the activation of Fas/FasL, activation of PPARy, downregulation of Bcl-2,
and upregulation of Noxa [35]. On the other hand, Intercedenside C displayed the highest
binding affinity to both receptors, with binding energies of —10.61 and —11.86 Kcal/mole, re-
spectively. Thus, our in silico examination demonstrates the tendency of the abovementioned
compounds to bind to the mentioned receptor but the need for more research (in both in vitro
and in vivo conditions) in order to prove this affinity still exists. Moreover, detailed roles of
both receptors in the apoptotic pathway in lung cancer cells are displayed in Figure 9.

LJ
L X ]
Cytochrome-c release

= == — —

pro-caspase-8  caspase-8 pro-caspase-9 caspase-9
pro-caspase-3, 6and 7

Activation or—
Lung cancer cell ' Inhibition o—

Figure 9. The role of CB1 and CB2 receptor in the process of apoptosis in lung cancer cells.
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4.3.8. Intercedenside C Had the Most Affinity to the TLR4 Receptor

Activation of TLR4 is known to promote survival in lung cancer cells via the PI3K/ Akt
pathway [36]. Interestingly, Intercedenside C showed the highest binding affinity to this
receptor, with a binding energy of —15.64 kcal/mol. However, previous studies have also
shown the anti-cancer effects of this triterpene glycoside against lung cancer [11]. Thus,
this finding is in opposition to previous research. On the other hand, more in vitro and
in vivo studies are required in order to confirm this result.

4.3.9. Intercedenside C Had the Most Affinity to the TLR9 Receptor

In this study, Intercedenside C exhibited the highest affinity to TLR9 among all 22 triter-
pene glycosides (Table 3). Previous research has also shown that TLR9 activation in lung
cancer cells can increase the expression of BAX and P53 [37]. BAX plays a critical role in
mitochondrial cell death [38], while P53 plays a crucial role in inducing apoptosis [39].
Therefore, the anti-lung cancer activity of Intercedenside C [11] is in line with the present
findings, which demonstrate its high affinity to TLR9.

4.3.10. Scabraside B Had the Most Affinity to the EPCR

Prior studies have indicated that EPCR promotes cell survival in lung cancer cells [40].
However, the present study showed that Scabraside B has the highest affinity to the
mentioned receptor (Table 3). Moreover, previous studies have confirmed the anti-lung
cancer properties of Scabraside B [16]. Thus, the anti-lung cancer effects of Scabraside
B oppose its tendency towards EPCR in the in silico condition, and the affinity of this
compound towards receptors that trigger apoptosis in lung cancer cells is more dominant.

4.3.11. Intercedenside C Had the Most Affinity to the mGIuR8 Receptor

Previous studies have mentioned that mGluRS8 activation induces apoptosis in lung
cancer cells [41]. This study has shown that Intercedenside C has the highest binding
affinity to the mentioned receptor (Table 3). Thus, this finding confirms the results of
previous studies on the anti-lung cancer properties of Intercedenside C [11].

4.3.12. Intercedenside C Had the Most Affinity to the PGD2 Receptor

PGD2 can induce apoptosis in lung cancer cells [42]. On the other hand, among
all 22 triterpene glycosides, Intercedenside C displayed the highest affinity towards this
receptor with a binding energy of —13.68 Kcal/mole. This result is consistent with the
findings of other studies that have confirmed the anti-lung cancer characteristics of Interce-
denside C [11].

4.3.13. Intercedenside C Had the Most Affinity to the TGFBR2 Receptor

The TGFBR2 receptor has been an important target for anti-lung cancer agents. Prior
studies have shown that inhibiting this receptor can lead to the proliferation and growth of
lung cancer cells [43]. Thus, the activation of this receptor may play an important role in
tumor suppression in lung cancer. On the other hand, Intercedenside C demonstrated the
highest affinity to this receptor (Table 3). This result confirms the findings of other studies
on the anti-lung cancer properties of Intercedenside C [11].

4.4. Triterpene Glycosides with the Lowest Affinity to Apoptotic Receptors in Lung Cancer

Arguside B is a type of triterpene glycoside and previous studies have demonstrated
its anti-lung cancer activity [12]. Despite this fact, our study showed that this compound
had the lowest affinity to apoptotic receptors (Table 3). This finding is in contrast to previous
studies about the anti-lung cancer capabilities of Arguside B, and this triterpene glycoside
may exert its anti-lung tumor impacts through other cellular death pathways.

Another component with the least amount of binding affinity energy was 24-
Dehydroechinoside A. This triterpene glycoside is present in the extract of Holothuria
scabra and has displayed cytotoxic effects in A549 cell lines [16]. Thus, it can be said that
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its anti-lung cancer capabilities may be mainly due to activating other mechanisms of cell
death, not only apoptosis.

4.5. Future Insights for the Anti-Lung Cancer Properties of Triterpene Glycosides

Although previous studies have tried to elucidate the anti-cancer mechanisms of sea
cucumber compounds [26], the exact anti-cancer mechanisms of the majority of triterpene
glycosides are still unclear. In better words, some surveys have tried to explain the anti-
cancer mechanisms of triterpene glycosides and reveal some anti-tumor aspects of these
components, such as a Caspase-dependent mechanism [44], but the most studied member
of the triterpene glycosides is Frondoside A, whose different anti-cancer features have
been explained by previous surveys [45]. Although some aspects of the role of Frondoside
A in anti-lung cancer pathways have been explained before [44], there is a limitation in
the number of surveys in which the anti-lung cancer mechanisms of Intercedenside C,
Scabraside A, and Scabraside B have been examined accurately. In other words, previ-
ous surveys have only displayed the cytotoxic activity of mentioned compounds [11,16]
(Table 2). However, to the best of our knowledge, the main anti-cancer mechanism(s) of
these components is still unclear. Thus, more development of methods in order to isolate
and purify individual compounds, more studies about their medicinal values, and more
in vivo studies are required in order to clarify the accurate anti-cancer pathways in which
remarked triterpene glycosides play a crucial part [46].

5. Conclusions

This study has demonstrated that sea cucumbers have been of interest to scientists
since 1973 for the discovery and development of new anti-cancer components. Moreover,
this survey has shown that triterpene glycosides are the most utilized keywords in research
in which the anti-tumor properties of sea cucumber have been examined. Furthermore, our
study has shown that triterpene glycosides in sea cucumber extracts have a high potential
to suppress lung cancer cells. Moreover, among all the triterpene glycosides with anti-lung
cancer capabilities, Intercedenside C demonstrated the most affinity to the majority of
apoptotic receptors. This result makes Intercedenside C a potent agent against lung cancer,
and it may be used in order to produce new anti-lung cancer agents in the near future.
Ultimately, an important result from this paper is that in vitro and in vivo studies seem to
be crucial in order to discover the accurate mechanisms of the anti-cancer properties of the
components of sea cucumber. In summary, this study provides some valuable insights into
the potential of sea cucumbers and their triterpene glycosides as a source of anti-cancer
agents, particularly for lung cancer.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/md21050283/s1, Table S1. Detailed information about the binding
affinity of triterpene glycosides with anti-lung cancer properties in the extract of sea cucumbers with
receptors that are involved in the process of apoptosis in lung cancer cells.
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