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	Myriad studies have shown that sea cucumber is a promising anti-inflammatory and anticancer agent. Therefore, a study to identify the active compounds contained in sea cucumber, which have the potential as nuclear factor kappa-light-chain-enhancer of activated B cell (NFκB) inhibitors was conducted. NFκB plays a significant role in regulating inflammation and carcinogenesis, so the inhibition of NFκB activity by active compounds from sea cucumber hold the potential to be further investigated as anti-inflammatory and anticancer agents. This research was carried out in silico with various tools including molecular docking and molecular dynamics to determine the inhibitor potential of sea cucumber compounds. Small peptides and other active compounds from sea cucumbers were collected from various references, and then, using bioinformatic tools, their tertiary structures were modeled. The structure of NFκB was obtained from the Protein Data Bank. The results of this study show that small peptide WNWKL and Scabraside D may bind to the active site of the NFκB protein, similar to the binding site of caffeic acid phenethyl ester, utilized as a positive control for NFκB inhibitors. The dynamic molecular result analysis also shows that the two active compounds can form stable complexes with NFκB for up to 70 ns. These findings predict that small peptide WNWKL and Scabraside D can be NFκB inhibitors, rendering them promising candidates for further analysis as anti-inflammatory and anticancer agents.
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Introduction 
                Cancer has become one of the deadliest diseases threatening human lives worldwide. In many cancers, the nuclear factor kappa-light-chain-enhancer of activated B cell (NFκB) protein functions as a tumor promoter. Particularly in chronic inflammation-related cancers, aberrant NFκB activation has been involved in the pathogenesis of several human diseases.1,2 NFκB is a transcription factor for genes encoding proinflammatory cytokines in immune cells.3 Additionally, activated NFκB binds to specific DNA sequences in target genes and activates the transcription of hundreds of genes. Most genes are involved in carcinogenesis, tumor surveillance, angiogenesis, and metastasis.2,4,5 NFκB activity can also induce MDM2 activity, resulting in p21 degradation, which triggers cancer cell migration.6
Several studies have reported that the expressions of NFκB linked to tumor promotion and progression in cancer cells are remarkably reduced by sea cucumber active compounds.7–11 Sea cucumbers, class Holothuroidea, are marine invertebrates shaped like gelatinous-bodied cucumbers that habitually live in benthic areas.12 Some sea cucumbers are consumed for food and have been utilized in Asiatic traditional medicine.13,14
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Reportedly, some species of sea cucumbers have anti-inflammatory and antiproliferative effects on cancer cells. Holothuria polii inhibited the proliferation of MDA-MB-23I cells and reduced the expression of proinflammatory cytokines in animal models.15 The H. scabra extract decreases the overexpression of human epidermal growth factor receptor 2 (HER2) and matrix metalloproteinase-9 (MMP9) in a breast cancer mice model16 and has strong activity against nitric oxide (NO) radical.17 Isostichopus badionotus extract has an anti-inflammatory effect by modulating the expression of NFκB, inducible NO synthase (iNOS), and cyclooxygenase.18 However, no research focusing on the activity of the ingredients in sea cucumber as anticancer and inflammatory targets for NFκB exists.
This study aims to identify the sea cucumber compounds that have the potency to inhibit NFκB using an in silico approach. The inhibition of the NFκB proteins should be beneficial for cancer treatment.19
 
Material and Methods
Preparation of Protein and Ligands
The 3D structure of the NFκB protein was obtained from RCSB (https://www.rcsb.org/) with the PDB ID for NFκB (1SVC).20 The protein was prepared using the BIOVIA Discovery Studio 2019 software (Dassault Systèmes BIOVIA, San Diego, California, USA).
The peptides of sea cucumbers (Cucumaria frondosa) were VMLGMLWTLLLR, VELWR, WNWKL, YDWRF, WPPNYQW, KMLWK, EMEWR, EEELAALVLDNGSGMCK, RMCCCSPLK, MMSLHL, TEFHLL, and WNWKV.21 Peptide structures were established using PEP-FOLD3 (webserver modeled://263bioserv.rpbs.univ-paris-diderot.fr/services/PEP-FOLD3/). The other sea cucumber compounds studied were Holotoxin A (CID: 3085093), Stichoposide C (CID: 76871760), and Scabraside D (CID: 159134).22 Those compound structures and the 3D structure of the caffeic acid phenethyl ester (CAPE) (CID: 5281787) as an inhibitor of NFκB23 were obtained from the PubChem database (https://pubchem.ncbi.nlm.nih.gov).
 
Protein–Ligand Docking
The bondings between proteins and ligands were examined using Autodock Vina in Pyrx 0.8 to obtain binding affinities between them.24 Dockings were carried out in active sites of the NFκB protein, which are Tyr: 60 and His: 144.20 Visualizations of dockings and interaction bonds were analyzed using BIOVIA Discovery Studio 2019 software (Dassault Systèmes BIOVIA, San Diego, California, USA).
 
Analysis of Potential Ligands
To determine the anticancer activity based on the Pa (probability to be active) value, the potential of peptides and compounds from sea cucumber was analyzed using Way2Drug Pass Server prediction (www.way2drug.com/passonline).
 
Molecular Dynamic Simulation
To examine the stability of the interaction between the protein and ligands in the specified system environment, molecular dynamic simulations were carried out. Using Yet Another Scientific Artificial Reality Application software, molecular dynamic analysis was performed.25 System conditions were set based on the physiological conditions of human cells, namely, pH 7.4, temperature of 37°C, pressure of 1 atm, and salt content of 0.9%. The programs used were the macro md_run for running simulations, md_analyze for displaying the root-mean-square deviation (RMSD) values, md_analyzeres for displaying the root-mean-square fluctuation (RMSF) values, and md_bindenergy for analyzing complex molecular dynamic binding energies during simulations.
 
Results and Discussion
There are two types of inflammation: acute and chronic. Acute inflammation is beneficial for eliminating injurious agents, disposing of necrotic cells and damaged tissues, and initiating tissue repair. Unfortunately, chronic inflammation lasts for prolonged periods and is associated with chronic diseases like cancer.26 Chronic inflammation plays a vital role in various mechanisms of tumor growth, including proliferation, cellular transformation, survival, angiogenesis, invasion, and metastasis. NFκB is a proinflammatory transcription factor that regulates more than 500 cancer-related genes.26 Reportedly, NFκB activity is associated with inflammation and cancer development. NFκB modulates the expression of cytokines and chemokines, which causes inflammation.3 Therefore, NFκB inhibition can inhibit inflammation and cancer development.
The results of the dockings (Table 1) showed that the binding affinity values between NFκB and peptides (−6.8 to −10.5 kcal/mol) and other compounds of sea cucumbers (−6.6 to −7.2 kcal/mol) are lower than CAPE as control (−5.8 kcal/mol). Lower binding values (kcal/mol) show reduced desolvation energy, representing the stability of ligand–protein complexes.23 The results revealed that the compounds from sea cucumber have biological activity potential against cancer by inhibiting NFκB.
Furthermore, the dockings between NFκB and peptides showed that the bond between NFκB and WNWKL had the highest binding affinity (−10.5 kcal/mol). Meanwhile, the dockings between NFκB and the other compounds presented that the bond between NFκB and Holotoxin A had the highest binding affinity (−7.2 kcal/mol).
To assess the potential of ligands from sea cucumber for inhibiting NFκB, the analysis of the binding site between NFκB and ligands was conducted. The binding sites of ligands were compared to the binding site of CAPE, an inhibitor of NFκB.23 It was shown that small peptide WNWKL and small molecule of Scabraside D could bind in the CAPE binding site of the NFκB (Figure 1). The result suggested that the two active compounds might inhibit NFκB activity.
The molecular dynamic simulation results revealed that all complexes tend to be stable during simulation. Complex dynamics represent complex stability during simulation. The NFκB–WNWKL complex showed high RMSD at 0–40 ns and then remained stable until the end of the simulation. The NFκB-Scabraside D complex was stable and had low fluctuation. RMSD values with minimum fluctuations show that the NFκB–ligand complex was stable during the simulation. RMSD ligand movement value showed that NFκB–Scabraside D and NFκB–WNWKL had stable values like NFκB–CAPE from 40 ns until the end of the simulation. RMSD ligand configuration also emphasized that Scabraside D and WNWKL structure tend to be stable during the simulation because these complexes had minimum fluctuation. Based on the binding energy of molecular dynamic simulation, the bond of Scabraside D with NFκB is more stable than with WNWKL. After interacting with the ligand, the protein structure tends to be stable, as shown by the RMSF value (Figure 2).
Analysis of WNWKL and Scabraside D as potential ligands indicated that sea cucumber can exhibit anticancer activities, that is, anticarcinogenic, immunostimulant, free radical scavenger, anti-inflammatory, antioxidant, antineoplastic, and cytokine release inhibitor activities (Table 2). Pa > 0.7 indicated that the peptide/compound is predicted to have a high potential as an anticancer. Moreover, a compound with 0.3 < Pa < 0.7 has a lower potential as an anticancer. The results show that peptide WNWKL is predicted to have the highest potential as an immunostimulant (Pa = 0.831) and the lowest potential as an antineoplastic (Pa = 0.204). Scabraside D is predicted to have the highest potential as an anticarcinogenic (Pa = 0.855), the second-highest potential as a free radical scavenger (Pa = 0.735), and the lowest potential as a cytokine release inhibitor (Pa = 0.116).
Many studies revealed that blocking the NFκB pathways may have consequences for anticancer modulation.19,27 Targeting NFκB can trigger apoptosis in cancer cells. The NFκB pathway activates the transcription of antiapoptotic genes such as cIAPs, c-FLUP, BCL-XL, and A20. Inhibited NFκB will increase the JNK protein’s activity, which causes apoptosis.28 Besides inhibiting apoptosis, NFκB plays a role in controlling the cell cycle (c-Myc, cyclin D1, cyclin D2, cyclin D3, and cyclin E), cell migration (MMP9, VCAM-1, CXCR4, and CXCL8), and inflammation (iNOS and IL8).29 Therefore, targeting NFκB is remarkably effective in inhibiting cancer development. 
 
Table 1: Binding affinity values between  protein NFκB and ligands from sea cucumber
 
	Protein
	Ligand
	Binding Affinity (kcal/mol)

	 
	Peptide compound: 
	 

	 
	VMLGMLWTLLLR 
VELWR
	-8.9
-9.2

	 
	WNWKL
	-10.5

	 
	WPPNYQW
	-10.1

	 
	YDWRF
	-9.7

	 
	EMEWR
	-8.6

	 
	EEELAALVLDNGSGMCK
	-8.3

	 
	KMLWK
	-8.0

	NFκB
	MMSLHL
	-9.0

	 
	RMCCCSPLK
	-9.0

	 
	TEFHLL
	-8.0

	 
	WNWKV
	-6.8

	 
	Compound: 
	 

	 
	Holotoxin A
	-7.2

	 
	Stichoposide C
	-7.0

	 
	Scabraside D
 
	-6.6

	 
	Control:
	 

	 
	CAPE
	-5.8


 
Anticancer agents derived from natural sources (nutraceuticals) have good potential for affordable, safe, and long-term use.30
Previous studies have shown that cancer conditions enhance proinflammatory cytokines via NFκB activation.26,31 NFκB inhibition as the transcription factor can suppress the hyper-expression of those cytokines.32 Tyr 60 and His 144 are important residues in NFκB’s enzymatic activity in the DNA-binding site.20 One strategy to prevent chronic inflammation is by targeting this NFκB DNA-binding site.26,33 Therefore, compounds of sea cucumber in the NFκB DNA-binding domain may have reduced inflammation by altering the transcription process of proinflammatory cytokines. This study shows that small peptide WNWKL and small molecule of Scabraside D may bind to the NFκB’s active site, that is, Tyr 60 and His 144, as well as CAPE as an NFκB inhibitor. Molecular dynamic results showed the stability of the interaction between NFκB with Scabraside D and WNWKL peptide. RMSD values with minimal fluctuations indicate that the interaction between the protein–ligand is stable during the simulation.34 These results are supported by the molecular dynamic binding energy value. The more positive the molecular dynamic binding energy value, the more stable the interaction between the protein and the ligand.35
This in silico study shows that sea cucumber compounds exhibit anticancer because molecular dockings between compounds and NFκB have shown their binding affinities. The study is in line with several studies that have reported NFκB expressions linked to tumor promotion and progression in cancer cells remarkably reduced by sea cucumber active compounds.7–10
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Figure 1: Interaction between NFκB and compounds from sea cucumbers:  (A) WNWKL, (B) Scabraside D, (C) CAPE, a known NFκB inhibitor.  (I) 3D structure of NFκB is presented in a green ribbon with ligands, (II) 2D structure interaction, (III) a list of amino acids which are binding to the active site of NFκB.
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Figure 2: The stability of the interaction between NFκB with Scabraside D, CAPE, and WNWKL
 
Table 2: Potential of WNWKL and Scabraside D as anticancer
 
	Compound
	Activity
	Pa value

	WNWKL
	Immunostimulant
	0.831

	 
	Cancer associated disorders treatment
	0.439

	 
	Antineoplastic
	0.204

	Scabraside D
	Anticarcinogenic
	0.855

	 
	Free radical scavenger
	0.735

	 
	Antiinflammatory
	0.697

	 
	Antioxidant
	0.524

	 
	Cytokine release inhibitor
	0.116


 
Conclusion
In conclusion, the active compounds from sea cucumber, which can potentially function as NFκB inhibitors, are small peptide WNWKL and Scabraside D. Thus, to validate the potential use of the compounds for developing therapy agents for inflammation-related cancers, further studies are required.
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