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Abstract
IL-1β is an important cytokine involved in several immune responses. IL-1β exerts its effect by binding with 

its receptor called IL-1R1 and leading to a series of intra-cellular signalling. The over-expression of IL-1β leads to 
immunological complications including arthritis and auto-immune disorders. Currently there are several drugs in the 
market to cure the inflammation either by inhibiting the production of IL-1β or affecting its signal cascade. The hindrance 
in the interaction between IL-1β interaction and its receptor can stop its function hence hope to cure inflammatory 
diseases. This study presents a docking analysis of five commercially available drugs at the IL-1β/IL-1R1 protein 
interface. This study would give an insight for designing the drugs, capable to block the direct interaction of IL-1β with 
its receptor ultimately leading to some more consistent cure for inflammatory diseases.
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Introduction
Interleukine-1 is one of the most important families of cytokines 

consisting of 11 members of cytokines [1]. This family has been known 
as regulators of immunity [2], which is primarily associated with release 
of IL-2, maturation and proliferation of B-cell, T lymphocytes and 
stimulation of thymocyte proliferation by activating fibroblast growth 
factor [3]. This family is involved in pro-inflammatory responses and is 
being called as endogenous pyrogens [4]. It causes a variety of cellular 
activities, including cell proliferation, differentiation, and apoptosis 
[2,5-8] thus leads to several autoimmune, auto-inflammatory, infectious 
and degenerative diseases. The members of this family bind to a class 
of receptor known as IL-1R. There are two types of receptor IL-1RI and 
IL-1RII. IL-1α and IL-1β are the important members of IL-1 cytokine 
family with a size of 17.3 kDa. They have common biological properties 
but they vary in their immune response [9]. Both IL-1α and β binds 
to a same receptor IL-1RI to exert their function. The protein IL-1ra 
is a natural antagonist, which binds to IL-1RI leads to the blockage of 
interaction of IL-1β with its receptor IL-1RI [10-12]. 

IL-1β has a prime importance due to its crucial role in different 
immune responses in the body. The prominent role of IL-1β is in the form 
of pain and inflammation that are resultant of signal cascade activated 
by the interaction of IL-1β and IL-1RI [13,14]. The importance of IL-
1β over IL-1α can be estimated through two different studies. Firstly 
the elevated secretion of IL-1β causes auto-inflammatory diseases 
[1,5] but elevated secretion of IL-1α does not show any such response. 
In another research the distinction can be found in their response to 
cancer, a comparison study done by Krelin et al. [15], showed that 
mice deficit in IL-1β developed less tumours than mice deficit in IL-
1α, which means elevated levels of IL-1β may be responsible for cancer 
rather than IL-1α. IL-1β is also responsible for tumour angiogenesis 
and metastatic spread of tumours [16]. Thus the IL-1 family presents 
a favourable inflammatory micro-environment for proliferating cancer 
tumours [17]. The normal production of IL-1β also has a vital role 
in homeostatic functions (feeding, sleep and temperature) in normal 
organisms [10,11]. But its overproduction is responsible for patho-
physiological abnormalities such as rheumatoid arthritis, inflammatory 
bowel disease, osteoarthritis, vascular disease, multiple sclerosis, 
neuropathic pain, and Alzheimer's disease [11,12,18].

Obesity is a major problem in the world; IL-1α and IL-1β is 
playing an important role in causing obesity [19], and involved in 
atherosclerosis [20], while atheroma is associated with IL-1β. Dan et al. 
[21] studied the impact of IL-1β on insulin signalling in human primary 
adipocytes. The study showed that IL-1β is involved in stimulating the
effect of macrophages on insulin and pro-inflammatory response in
human adipocytes and it was suggested that by blocking IL-1β could
help in curing the obesity problem. The inhibition of IL-1β function
also reduces the hyperglycemia and tissue inflammation in obese mice
and diabetic rats [22-25]. Dysregulated IL-1β activity has become the
target of choice for the treatment of inflammatory diseases. Hence the
importance of therapeutic development against IL-1β cannot be denied. 
The market for IL-1 blocking agents is highly competitive, and multiple 
candidates are being developed for a range of therapeutic indications.
Currently available drugs either affect the IL-1β production or its
signalling pathway. For example Canakinumabm, Xoma-052 and LY-
2189102 are monoclonal antibodies that blocks IL-1β. Similarly K-832
and CYT-013-iL1bQb are IL-1β secretion inhibitor and IL-1β vaccine,
respectively [26]. The use of monoclonal antibodies as therapeutics
has a promising solution for diluting the effect of IL-1b [27]. However,
therapeutic antibodies have several disadvantages including high cost
and nonexistence of oral bioavailability. A small molecule inhibitor of
the IL-1β/IL- 1R1 interaction could offer a significant development in
immuno-suppressive therapy. Until now, small molecule inhibitors of
IL-1β have been difficult to identify [28]. In contrast, computational
drug design tactics can be effectively carried out resulting in lower cost
and less time.

Stemming from our interest to search new IL-1β inhibitors [29,30] 
this study was conducted to explore the binding mechanism of potent 
anti-inflammatory drugs via an in silico strategy. Molecular docking 
simulations plays a crucial role in the prediction of protein-ligand 
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interactions; hence the purpose of this study is the docking analysis 
of five commercially available anti-inflammatory drugs at the binding 
interface of IL-1β/IL-1R1. The study provides useful information 
about the binding mechanism of anti-inflammatory compounds thus 
provides rational to design novel anti-inflammatory agents.

Materials and Methods
Dataset selection of drug molecules

For this study, a set of five drug molecules were used (Figure 1) that 
putatively play a role in inhibiting the IL-1β production and act as anti-
inflammatory agents. These compounds may also interact with IL-1β 
protein directly in order to prevent its interaction with its receptor, but 
their direct mode of interaction is not known. These drugs have been 
reported by different authors along with their half maximal inhibitory 
concentration (IC50) values [31-34]. The IC50 values of the compounds 
were reported in different measuring units, thus the values were 
brought into same “uM” unit and converted into negative log (pIC50) 
values (Table 1).

Different molecular databases (PubChem, DrugBank, ChemSpider, 
UNII, KEGG, ChEBI, ChEMBL) are providing chemical structures of 
compounds used in this study, however DrugBank database was used to 
retrieve the chemical structures. Molecules were compiled into a MOE 
[35] database. Detail of the molecules along with their DrugBank IDs 

is given in Table 1 and the structures of the compounds are shown in 
Figure 1. 

Protein preparation

IL-1β is small protein that binds to its compatible receptor protein 
IL-1RI and is responsible for intra-cell signal cascade [36,37]. Three 
complex crystal structures of human origin are present in RCSB 
Brookhaven Protein Data Bank (PDB) with entry codes: 4GAF [38], 
1ITB [37] and 4DEP [39] but only 1ITB represents a pure IL-1β/IL-
1RI complex. While other structures contains chimera or accessory 
signalling protein (IL-1R AcP) complexes with IL-1RI. Thus the protein 
structure of 1ITB was used for this docking study. 1ITB was retrieved 
from PDB database directly into MOE. The retrieved complex has water 
molecules, after removing the water molecules, partial charges of the 
complex were calculated using AMBER 94 force field [40] and energy-
minimization was performed to release the strain. The protonation 
state was defined by using ‘Protonate 3D’ facility provided in MOE. To 
retain the changes in protein for future use, the final processed complex 
structure was saved in “.moe” format.

Targeted residues

The family of IL-1 proteins, which are two agonists (IL-1α, IL-
1β) and one antagonist (IL-1ra) exhibits similarity in sequence, gene 
organization and three-dimensional structure. IL-1α and IL-1β involves 

Table 1: The docking score of Compounds 1-5 and their interacting residues. The corresponding interacting site is mentioned in hyphen.

Sr. # Compound Name DrugBank IDs pIC50 Docking Score Interacting Residues

1 Dexamethasone DB01234 8.00 -3.0883 Gln15(A), Ser13(A), Arg11(A), Asp12(A)
2 Prednisolone DB00860 6.74 -3.3257 Asp12(A), Ser13(A)
3 Colchicine DB01394 6.60 -4.5535 Gln126(A), Lys161(B)
4 Minocycline DB01017 4.39 -4.6687 Lys109(A), Arg163(B)
5 Chloroquine DB00608 4.12 -5.129 Gln15(A), Lys114(B)

Figure 1: Chemical structures of the compounds 1-5 used in this study.
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in similar mode of signal activation by binding the same receptor IL-
1RI. The receptor binding site of agonists can be subdivided into two 
sites: site A and site B. Site A of both the agonists shows some of the 
residues same on each other. Site B exists at an approximate distance 
of 20-25 Å from site A. Site-A is different from Site-B in terms of their 
physiochemical properties of residues and the size of the site, thus Site 
A can be targeted to increase the specificity of drug interaction with 
IL-1β [41]. The interacting residues of both sites (A and B) of IL-1β and 
with their corresponding residues on IL-1RI are tabulated in Table 2.

Three-dimensional structure of IL-1β is surface exposed with planer 
geometry. Inter-protein interaction analysis of IL-1β//IL-1RI complex 
was performed by Chimera [42] delineated almost exact fifteen crucial 
residues as reported in literature [41-43]. MOE provides an easiness of 
selecting atoms of desired residues for docking through its Residue-
Selector window. The active site was defined for docking by selecting 
fifteen residues (Table 2) for target oriented docking.

Molecular docking

MOE program gives moderately fast and correct docking results 
[44]. It uses a variety of docking algorithms and scoring functions. 
For the docking, the protein was minimized using the MMFF94 force 
field (MOE 2013.08), keeping all the heavy atoms fixed until a RMSD 
gradient of 0.05 kcal mol−1 Å−1 was reached. The active site was 
generated using MOE residue selector prompt and the defined (15) 
residues were selected. The docking simulations were performed with 
default parameters by using Triangle Matcher algorithm in combination 
London dG as rescoring 1 and GBVI/WSA dG as rescoring 2 methods 
(MOE 2013.08). The post docking refinement was performed using 
force field based scoring function. Thirty top ranked docked poses were 
saved for further study.

Results and Discussion
Correlation between pIC50 and docking score

Site A: Initially docking of five compounds were conducted on 
Site A of IL-1β the correlation was estimated between the score of top 
ranked docked pose of each compounds with their actual half maximal 
inhibitory concentration (pIC50), that reflected a good correlation 
with r2=0.6668. However the visual analysis of the interaction of top 
ranked conformation showed that only three compounds binds with 
the protein surface. Hence we visualized the mode of interactions of all 
thirty poses of each compound and selected the best conformation of 
each compound that showed maximal interaction with the protein. The 
correlation between the docking score of the best docked pose and the 
actual inhibitory concentration improved drastically with r2=0.7570. 
The correlation plot is shown in Figure 2.

Site B: To detect the role of site B, the compounds were also docked 
at site B of IL-1β, however the relationship between the top ranked 
docked conformation of each compound and the experimental pIC50 
was found to be weak with r2=0.5606. The interaction analysis also 

reflected that compounds do not bind significantly with site B. The 
conformational sampling also confirmed that the compounds do not 
significantly interact with site B, hence suggested that these compounds 
target site A of the IL-1β protein and inhibit IL-1β/IL-1RI interface at 
site A.

Docking results

Visual analysis of the interaction between the ligands the protein 
was performed in Chimera. Chimera gives an easy handling to analyse 
the interactions. The selected conformations were exported into mol2 
files and opened in Chimera. The modes of interactions of all five 
compounds are displayed in Figures 3 and 4.

Binding mode of Compound 1

Compound 1 has several active moieties for binding with protein, 
thus it showed good interactions with three residues at the interface. The 
methanol present at the cyclo-hexanol ring of the compound mediates 
H-bond with the carbonyl moiety of the main chain of Ser13(A) at a 
distance of 2.439 Å. The Hydroxyl group of compound 1 mediates bi-
dentate interaction with Arg11(A) and Asp12(A) at a distance of 2.847 
Å and 1.893 Å, respectively.

Moreover the side chain amino group of Gln15(A) interacts with 
the hydroxyl moiety of the ligand at a distance of 2.762 Å (Figure 
3a). The docking mode of compound 1 revealed that the compound 
significantly interact with the site A of IL-1β protein.

Binding mode of Compound 2

Compound 2 is a steroid in nature as of Compound 1 and contains 
the similar moieties to interact with the protein. Similar to the mode 
of interaction of compound 1, the methanol moiety at the cyclohexane 
ring of compound 2 also interacted with the main chain carbonyl group 
of Ser13(A) at a distance of 2.044 Å. The main chain carbonyl group of 
Asp12(A)mediates H-bond with the hydroxyl moiety of the compound 
2 at a distance of 2.295 Å. The docking orientation of compound 2 is 
presented in Figure 3b.

Binding mode of Compound 3

The binding mode analysis of compound 3 showed that this 
compound forms three possible binding interactions with two 
surrounding residues. The oxygen of N-methylacetamide moiety 
present at the second ring cycloheptane of the ligand, mediates a week 
interaction with amino group of Gln126(A) at a distance measurement 
of 3.013 Å. The main chain amino group of the Lys161(B) formed bi-
dentate interaction with two different oxygen moieties present on the 
ligand with the distance of 1.966 Å and 1.448 Å, respectively (Figure 3c).

Binding mode of Compound 4

Compound 4 constitutes four rings in main structure thus labelled 
with numeric in order to mention the position of interacting moieties 
present on the compound. The docked mode of the compound 4 showed 

Table 2: Interacting residues of Sites A and B of IL-1β with the corresponding residues on IL-1RI.

Site A

IL-1β Residue IL-1RI Residue

Site B

IL-1β Residue IL-1RI Residue
Arg11 Lys114 Ala1 Tyr261
Gln14 Arg163 Arg4 Ser263
Gln15 Gly122 Glu51 Lys298
Lys27 Glu11 Lys93 Ile250
Gln32 Val16 Lys94 Glu252
Gly33 Ile110 Glu105 Thr300
Gln34 Ile14 Asn108 Asn204

Glu128 Glu129
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weekly interacted with main chain amide group of Lys109(A) at a 
distance of 2.877 Å. The amide group of Arg163(B) mediates two 
H-bonds with the hydroxyl moieties present at ring 4 with distance of 
2.293 Å and 2.607 Å, respectively (Figure 3d).

Figure 2: Correlation plot between the pIC50 values and the Docking Score 
of the compounds. a) Correlation between the top ranked docked poses of 
compounds 1-5 and the pIC50 values at the site A of the protein complex. b) 
Correlation between the top ranked docked poses of compounds 1-5 and the 
pIC50 values at the site B of the protein complex. c) Correlation between the 
best docked conformations of compounds 1-5 and the pIC50 values at the site 
A of the protein complex.

Figure 3: The binding modes of Compounds 1(a), 2(b), 3(c), 4(d) and 5(e) at 
the IL-1β/IL-1RI complex interface.

that the compound mediates several interactions with the surrounding 
residues at the IL-1β/IL-1RI interface. Hydroxyl and carbonyl groups 

Figure 4: Enhanced view of the cluster of all compounds at the site A of the 
IL-1β.
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Binding mode of Compound 5

The docked conformation of compound 5 showed that the N-ethyl-
N-methylethanamine moiety of compound mediates bi-dentate 
interaction. The compound interacted with side chain of Gln15(A) and 
main chain carbonyl moiety of Lys114(B) at a distance of 2.391 Å and 
2.596 Å, respectively (Figure 3e).

An excellent correlation was obtained between the docking score 
the experimental IC50 values when the docking was conducted at 
site A of IL-1β. The docking results reflected that significant binding 
interactions are present between protein-ligand complexes. This study 
opens new horizon to design and develop novel anti-inflammatory 
compounds that targets IL-1β and specifically inhibits IL-1β/IL-1RI 
interaction thus stops inflammatory cascade.

Conclusion
Molecular docking helps in understanding the possible interaction 

between protein and the ligand. The study was conducted with the aim 
to get insights of the possible direct binding behaviours of commercially 
available anti-inflammatory drugs that leads to decrease the effect of IL-
1β and to detect the potential binding site on the interface of IL-1β/
IL-1R1 complexes that can be used to target IL-1β. A good correlation 
value of docking results at site-A, makes it more attracting rather than 
the site-B. At site A, more conformations showed interactions with IL-
1β chain rather than IL-1R1 chain. While at site B, more conformations 
showed interaction with IL-1R1 chain rather than IL-1β chain. Thus 
it can be inferred that the Site A contains amino acids crucial for 
binding and blockage of IL-1β/IL-1R1 interaction and by targeting 
these residues, more specific IL-1β inhibitors can be designed by using 
computational drug design strategy. The findings of this study will 
help in providing preliminary information for structure based drug 
discovery against IL-1β.
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