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Abstract 
TNFAIP8 is a cytosolic anti-apoptotic and oncogenic protein found mainly and cancerous cells. 
It contributes to carcinogenesis by promoting proliferation and autophagy, thus improving 
cancer cell survival. Therefore, it is a suitable therapeutic target for cancer treatments and gene 
therapy. In this study, 3-Dimensional structure of Tumor necrosis factor alpha-induced protein 
8 from Homo sapiens was described by Homology modeling method based on the template 
protein of Chain A, Crystal Structure of Tipe2 from Homo sapiens and selected natural flavonoids 
as ligands were docked to the active site of modelled protein. The quality of the 3-Dimensional 
structure of the generated model was confirmed by various validation tools. The generated 
model exhibited 96.3% of amino acid residues in most favored region. Molecular docking study 
showed that the all the compounds exhibited good binding energy than already existing drugs. 
Compound 7-O-methyl naringenin exhibited highest binding energy of -6.36 Kcal/mol.  
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INTRODUCTION: 
Tumor necrosis factor α-induced protein 8 
(TNFAIP8), also known as SCC-S2/GG2-1/NDED, is a 
21kDa cytosolic anti-apoptotic and oncogenic 
protein. It is highly expressed in many cancer cell 
lines such as MOLT4, K562, A549, and SKOV-3 etc. 
and its expression is confined to the cytoplasmic 
compartment of tumor cells. Its expression is 
confined to the cytoplasmic compartment of tumor 
cells1,2.   It is also considered a risk factor in Hodgkin’s 
lymphoma3. Overexpression of this protein occurs in 
the presence of TNF- α and by the action of NF-κB in 
many cells and results in cell proliferation and 

enhanced cell survival. The death effector domain 
DED present in the protein causes inhibition of 
caspase-3 and caspase-8 activity leading to 
apoptosis2,4,5. TNF- α treatment was also previously 
shown to induce autophagy and apoptosis in JEG-36 
and L929 cells which was enhanced with inhibition of 
the NF-κB pathway7.  
TNFAIP8 has a role as a regulator of apoptosis while 
promoting autophagy to enhance the survival of 
cancer cells. Studies show that TNFAIP8 knockouts 
exhibit reduced proliferation and increased 
apoptosis by interfering with other proteins involved 
in such processes. TNFAIP8 was found to regulate 
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expression of cell cycle proteins like cyclin D1 and CD 
K6, therefore arresting the cell cycle between G1 and 
S phase with a decreased percentage of cells in the S 
phase1,8. However, TNFAIP8 KO’s of osteosarcoma 
cells caused cell cycle arrest at the G0/G1 boundary 
while increasing the apoptotic rate in Saos-2 and 
U2OS cells9. In thymocytes, overexpression of 
TNFAIP8 increases apoptosis by increasing their 
sensitivity to glucocorticoids resulting in 
glucocorticoid-mediated apoptosis4. KO’s also show 
the expression of genes associated with proliferation 
suppression and apoptosis10.  Overexpression also 
shows aggressive phenotypes such as large tumor 
types and higher recurrence8.  
Many studies have identified TNFAIP8 v2 (variant 2) 
as a contributor to carcinogenesis by broadly 
suppressing p53 activity, thus interfering with p53-
dependent tumor suppression. Variant 2 expression 
is p53 independent and high in many cancer cell 
lines. Overexpression of v2 is associated with 
decreased binding with target proteins and p53 
activity. TNFAIP8 v2 depleted cells exhibited 
defective DNA synthesis and cell cycle arrest at the S-
phase along with increased levels of cyclin D1, E1 and 
E211. These findings supported the importance of 
TNFAIP8 v2 in cancer cell survival and progression.  
In NSCLC, TNFAIP8 expression levels were high in 
tumor cells but low in tumor-infiltrating CD4+ and 
CD8+ T cells which continued to decrease as the 
cancer progressed12. Depletion of TNFAIP8 
expression with small interfering RNA inhibited 
growth and invasion in lung cell lines13. As TNFAIP8 
expression largely is associated with tumor cell 
survival and proliferation, it is used a marker for 
prognosis in cancer patients. High levels of 
expression generally indicate poor prognosis and 
survival rate and high TNFAIP8 levels indicate 
metastasis to lymph nodes, advanced pT stage and 
advanced TNM staging10,13. Treatment with cationic 
liposomal formulation of antisense TNFAIP8 oligo in 
athymic mice resulted in decreased pulmonary 
metastasis and SCC-S2 expression in vivo. This also 
led to the down regulation of known metastasis 
proteins MMP-1 and MMP-914. The findings make 
TNFAIP8 an ideal therapeutic target in cancer 
treatments and gene therapy.  
The aim of present study was to construct 3D model 
of O95379_HUMAN15 and explore the binding 
interactions of natural flavonoid compounds through 
molecular docking studies. Homology Modelling or 
comparative modelling of proteins refers to the 
construction of an atomic model of the chosen 
protein based on a template protein with which it 
shares similarity. In this process, only those 

templates that show sequence similarities with that 
of the protein are chosen to obtain a model that 
most closely resembles that of the template.  
Molecular docking is a structure-based drug 
designing tool used to produce ligands with specific 
electrostatic and stereochemical attributes to 
achieve a higher binding efficiency. It is a key tool in 
structural molecular biology and computer assisted 
drug design16-18. It aims to predict affinity between 
proteins and ligands at the receptor target site. With 
the discovery of new proteins and ligands, it 
becomes important to study the various protein-
ligand and protein-protein interactions to better 
understand cell dynamics. Docking tools have had a 
great impact in the study of such interactions18. This 
is achieved through pose prediction, virtual 
screening, and binding affinity prediction. In these 
steps, the possible ligand conformations are 
generated with respect to the receptor binding site 
and the subsequent physical and chemical molecular 
interactions are predicted16. Numerous possible 
‘poses’ are tried and evaluated. The scoring function 
assigns poses with their lowest binding energy is 
selected as the best match or binding mode, as it is 
the most stable of the poses17. The energy values 
reflect the affinity between the given ligand and its 
receptor binding site. Thus, a good scoring function 
can distinguish between active and inactive ligands 
and identify the most potent ligands.   
From ancient to modern times, plants and other 
herbs have been used as medicinal agents19 Natural 
products or natural compounds and their derivatives 
as chemotherapeutic agents, including plant-derived 
antimalarial, antifungal, antitumor, antiviral, 
anticancer, antidiabetic, antialzheimers, 
antiarthritic, antiinflammatory agents etc., Herbal 
medicine is the primary source of new lead 
compounds. Maximum of the plants contains 
polyphenols, flavonoids, alkaloids, tannins, saponins, 
terpenoids, lignans, sterols, ididoids, fatty acids etc.  
 
METHODOLOGY 
Sequence alignment and structure prediction 
The amino acid sequence of Tumor necrosis factor 
alpha-induced protein 8 (Uniprot accession number: 
O95379) from the species Homo sapiens was 
retrieved from the UniProtKB database 
(http://www.uniprot.org/). A BLAST (Basic Local 
Alignment Search Tool) search was performed to 
select the template and resulted with the best match 
Crystal structure of Chain A, Crystal Structure Of 
Tipe2 from Homo sapiens (PDB ID: 3F4M_A)20 with 
53% similarity having a resolution of 1.70 Å making it 
an excellent template. The three-dimensional 
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structure was generated using Modeller 9.20. The 
respective templates are retrieved from protein 
databases like PDB21,22. When choosing the template, 
it is important to consider the sequence identity and 
resolution of the template. When both parameters 
are high the resulting model would be sufficiently 
good to allow structural and functional research23. 

The final validation of the model was performed 
using PROCHECK for Ramachandran plot. The RMSD 
(root mean square deviation) was calculated by 
superimposing (3F4M) over the generated model to 
access the accuracy and reliability of the generated 
model. Sequence alignment of TNF-α induced 
protein 8 and template  

 
Figure 1: Sequence alignment of query TNF-α induced protein 8 and template 3F4M by clustalW 

 
MODELLER 9.20 was then used to gain satisfactory 
models; an automated approach to homology 
modeling by satisfaction of spatial restrains.  
Sequence alignments using the protein and template 
sequences is then carried out using platforms like 
ClustalX or ClustalW24. Homology models for the 
chosen protein are then constructed using modeller 
programs like Modeller 9.2025. After manually 
modifying the alignment input file in MODELLER 9.20 
to match the query and template sequence, 20 
models were generated. The best model is 
determined by the lowest value of the Modeller 
Objective Function. The stereochemical quality of 
the given models is then evaluated using softwares 
like PROCHECK26 and the model can be used for 
further structural or functional study.   
Ramachandran plot explains residue by residue 
listing facilitates, the in-depth calculation of Psi/Phi 
angles and the backbone conformation of the 
models. 

Docking methodology 
The ten natural flavonoid derivatives were 
downloaded from NCBI and saved it into. mol2 
format. Molecular Docking study was performed to 
all the natural flavonoid molecules separately by 
using AutoDock4.2 program, using the Lamarckian 
Genetic Algorithm (LGA) and implemented empirical 
free energy function. Initially, the modelled Tumor 
necrosis factor alpha-induced protein 8 protein was 
loaded, and hydrogen were added and saved it in 
PDBQT format. Later the ligand was loaded and set 
conformations and saved it in PDBQT format. The 

grid parameters were selected and calculated using 
AutoGrid. For all the dockings, a grid-point spacing of 
0.375 Å was applied and grid map with 60×60×60 
points were used. Active site was predicted in 
Sybyl6.7 biopolymer module. X, Y, Z Coordinates 
were selected on the basis of the amino acids present 
in the active site. Default parameters were used to 
run the Autodock. 
Results and Discussion: 
Homology modelling and model evaluation: 
The present study reports that the template protein 
(PDB ID: 3F4M) having high degree of homology with 
O95379 protein was used  as  a  template  with good  
atomic  resolution  of  its  crystal structure. The target 
sequence of Tumor necrosis factor alpha-induced 
protein 8 (uniprot accession number: O95379) from 
Homo sapiens having 198 amino acid residues was 
retrieved from the uniprot protein sequence 
database with Accession No. O95379.  PDB Id 3F4M 
was identified and selected as template using BLAST 
having 53% identity.  The structure was modelled 
using modeller9.20.  The generated structure was 
validated using Protein Structure and by PROCHECK. 
The generated model showed 96.3% of amino acid 
residues in core region, 3.7% of amino acid residues 
in additionally allowed region, there is no amino 
acids present in generously allowed region and 
disallowed region. The template PDB shows 97.8% of 
amino acids in core region, 2.2% of the amino acid 
residues in additionally allowed region and there is 
no amino acid residues in generously and disallowed 
region. Cartoon model of the modelled protein and 
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Ramachandran plot of the modelled protein are 
shown in figure.2 and figure.3. RMSD was calculated 
for template and generated model by using SPDBV. 
Both the models were loaded and superimposed 

using carbon alpha and calculated RMSD. It showed 
RMSD of 0.21Å, which indicates the generated model 
shows similar function as template. Superimposed 
query and template model is displayed in figure 4. 

 

 
Figure 2: Cartoon model of Homology derived TNF-α induced protein 8 

 
Figure 3: Ramamchandran plot analysis of the modeled TNF-α induced protein 8 structure. 
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Figure 4: Superimposed model of TNF-α induced protein 8 and Template 3F4M 

 
Molecular docking results 
Identification of active site pockets. The active site 
prediction was carried out using Tripo’s Sybyl6.7. It 
showed three active site pockets. The amino acids 
which are present in pocket one are Leu128, Leu132, 
Phe162, Phe167, Leu168, Leu182, Leu185, Ile189, 
Val113, and amino acids present in the pocket two 
and three are Met138, Ile142, Leu82, Phe91, Leu96, 
Leu98, Met99 and Tyr172, Phe116, Phe123 
respectively. These are used to identify best ligand 
binding site of the protein. 
Molecular docking is the most extensively used 
method for the calculation of protein-ligand 
interactions. It is an efficient method to predict the 
potential ligand interactions. In this study, the native 
plant secondary metabolites (ligands) have been 
identified as potent TNF-α inhibitors. All the 
compounds exhibit good biological activity 
properties. All the flavonoid compounds were then 
further analyzed to identify their best docking score 
and docking pose. These studies revealed that the 
most interacting residues in the active site of TNF-α 
induced protein.  
AutoDock4.2 uses binding free energy assessment to 
assign the best binding conformation. Twenty potent 
flavonoid molecules were docked individually.  
Further, docking experiments of some selective 
potent molecules allowed us to compare the activity 
of docked molecules to standard drugs as controls. 
However, the compound 7-O-methyl naringenin and 

compound Diadzein for modelled protein have some 
collective structural features, the molecule shows 
interactions and better lower free energy values, 
indicating more thermodynamically favored 
interactions.  
Specifically, compound 7-O-methyl naringenin 
exhibited the highest binding energy of value -6.36 
K.cal/mol with Tyr172 when compared to the 
standard drugs Celecoxib, Diclofenac, Indomethacin 
exhibited binding energy of -5.48 Kcal/mol, -3.60 
Kcal/mol and -5.13 Kcal/mol respectively. Diadzein 
exhibited binding energy of -6.28 K.cal/mol with 
interacting Tyr172. Eight compounds are interacting 
with Glu60, seven compounds are interacting with 
Asn177 and three compounds are interacting with 
Tyr172.  All the compounds exhibited good binding 
energy are shown in Table 1 and protein ligand 
interactions are shown in figure 5. All the flavonoid 
compounds exhibited high binding energy than 
Celecoxib, Diclofenac, and Indomethacin. 
Interestingly, all the docked compounds exhibited 
high binding or closer energy values compare to the 
Celecoxib, Diclofenac, Indomethacin (Table 2) and 
the interaction diagrams shown in (Fig6). Finally, 
Celecoxib, Diclofenac, Indomethacin showed a lesser 
binding energy of -5.48 Kcal/mol, -3.60 Kcal/mol and 
-5.13 Kcal/mol when compare to binding energy of 
compound 7-O-methyl naringenin with -6.36 
Kcal/mol. 
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S.No 
Interacting amino 
acids 

Binding energy ΔG 
(Kcal/Mol) 

Dissociation Constant 
(kI) (µM) 

7,4'-O-dimethoxy-5-hydroxy-
flavone 

Asn177, Glu60  -5.49  94.72 

7-O-methoxy-4',5-hydroxy-flavone Asn177, Glu60 -5.52 90.31 
7-O-methyl naringenin Tyr172 -6.36 21.9 
3,5,7-hydroxy-3,4'-methoxy 6-8 
methyl flavone 

Asn177, Tyr61 -5.74 62.01 

Apigenin Phe159 -5.95 43.6 
BiochaninA Glu166, Tyr61 -5.56 84.47 
Diadzein Tyr172 -6.28 24.99 
Genistein Tyr172 -5.65 72.34 

Hesperetin 
Gln63, Asn177, 
Thr62, Glu60 

-5.50 93.51 

Casticin Asn177, Glu60, Tyr61 -5.61 77.19 
Genkwanin Asn177, Glu60 -5.49 93.87 

Chaplashin 
His16, Asp160, 
Glu166 

-6.11 33.12 

Chrysospenol D Glu60 -5.06 193.84 
Cudraflavone B Glu60 -6.08 34.9 
CudraflavoneC Glu166, Tyr61 -5.51 91.82 

Eriodictyol 
Asn177, Gln63, 
Glu60, Thr62 

-5.20 155.28 

GlepidotinA Glu60, Glu166 -5.71 64.72 
Morusin Thr62, GLU166 -6.13 32.33 
Chrysin Phe159 -6.22 27.66 
Artemetin His161 -5.56 83.42 

Table 1: Intermolecular Hydrogen bonds between selected flavonoids with modelled TNF-α induced 
protein. 
 
Standard drugs 

S. No. Interacting amino acids Binding energy ΔG 
(Kcal/Mol) 

Dissociation Constant (kI) (µM) 

Celecoxib Glu60 -5.48 95.39uM 
Diclofenac Arg125, Asn173 -3.60 2.31mM 
Indomethacin Gln63 -5.13 173.74uM 

 
Table 2: Intermolecular Hydrogen bonds between selected contorls with TNF-α induced protein. 
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Figure 5: Docking result of the twenty flavonoids against TNF-α induced protein 8 
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3 

Figure 6: Docking result of the three control drugs against TNF-α induced protein 8 
 
CONCLUSION: 
Tumor necrosis factor alpha-induced protein 8 is a 
potential target for oncogenic and anti-apoptotic 
protein. Our present study provided the 3-
Dimensional structure of TNFAIP8 through a 
homology modeling method. The model showed 
96.3% of amino acid residues in core region and 
molecular docking studies were also showed very 
good binding energies and interactions when 
compared to satandard drugs. Compound 7-O-
methyl naringenin exhibited the highest binding 
energy of value -6.36 K.cal/mol with Tyr172. The 
statistics of modelled protein and template protein is 
similar in crystal structure. This proves that natural 
flavonoids as potent inhibitors for cancer. These 
compounds can be tested further in the future 
against this target protein. 
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