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ABSTRACT: Lesinurad is a drug used for the treatment of hyperuricemia. It has been reported that lesinurad causes 
renal adverse events. The molecular effects of lesinurad in the kidney cells have not been elucidated clearly. The 
embryonic kidney cells (HEK-293) were treated with lesinurad at various concentrations (12.5-100 µM) for 24h. The 
cytotoxicity, apoptotic effect, reactive oxygen species (ROS), lipid peroxidation (MDA), and total antioxidant capacity 
(TAC) levels were evaluated. Secretion of the inflammatory mediators was examined after lesinurad treatment. 
Additionally, molecular docking studies were performed for lesinurad with TNF-α and concanavalin a (ConA). 
Lesinurad did not induce apoptotic cell death at the tested concentrations. The ROS and MDA levels insignificantly 
declined, and the TAC level increased. TNF-α secretion was induced after 100 µM lesinurad treatment. Lesinurad 
significantly decreased the Con a-induced inflammatory mediators’ secretion. The docking studies results show a 
weak interaction with TNF-α but strong interaction with Con a proteins. These findings support that lesinurad-
induced kidney toxicity could be related to the mechanical stress of uric acid crystals rather than the induction of 
inflammation by the initiation of oxidative damage. 

KEYWORDS: Lesinurad-1; nephrotoxicity-2; inflammation-3; urate-lowering therapy -4; molecular docking-5. 

 1.  INTRODUCTION 

Hyperuricemia is one of the main causes of gout and can also be a risk factor in the development of 
cardiovascular diseases and metabolic syndrome [1]. Lesinurad is a new urate-lowering medicine, that 
inhibits organic anion transporter 4 (OAT4) and uric acid transporter 1 (URAT1) and reduces the 
reabsorption of uric acid from the kidneys as it has been shown that lesinurad potently inhibits uric acid 
transporters than other urate-lowering drugs (probenecid), which makes it important for the treatment of 
gout patients [2]. It was approved by the Food and Drug Administration (FDA) and European Medicines 
Agency (EMA) for hyperuricemia treatment in combination with xanthine oxidase inhibitors, but not 
alone, in patients who cannot be treated adequately with allopurinol alone [3,4]. The most common 
lesinurad-induced adverse reactions are an increase in blood creatinine levels, influenza, 
gastroesophageal reflux, and headache [5]. Additionally, it has black box warnings about renal injury as 
acute kidney injury cases have been reported following lesinurad therapy, it has been stated acute kidney 
injury risk elevates as the dose of lesinurad increases [3,6,7]. It has been thought that the nephrotoxic 
effects of lesinurad may be associated with uric acid crystallization in the kidney since uric acid transport 
inhibition leads to the accumulation of uric acid and crystallization [8]. However, this mechanism has not 
been confirmed by clinical and experimental studies [9]. 

This study aimed to investigate the role of oxidative stress and inflammatory effects in lesinurad-
induced nephrotoxicity. For that, besides the cytotoxicity and apoptotic effect, the changes in the levels of 
reactive oxygen species (ROS), lipid peroxidation (MDA), total antioxidant capacity (TAC), and 
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inflammatory mediators were evaluated using human embryonic epithelial cell line (HEK-293). HEK-293 
cells are a human-originated and well-characterized cell line used as a model for investigating 
nephrotoxicity in humans [10-12].  

As the lesinurad caused a significant decrease in the pro-inflammatory cytokine, tumor necrosis 
factor (TNF) –α, which is produced primarily by activated macrophages and monocytes [13,14]. A variety 
of inflammatory diseases such as diabetes, rheumatoid arthritis (RA), multiple sclerosis and 
atherosclerosis, ulcerative colitis, and Crohn’s disease are usually associated with a high level of TNF-α. 
In the presence of TNF-α converting enzyme (TACE), a membrane-bound zinc metalloprotease enzyme, 
the pro-TNF-α is converted into the soluble and active form of TNF-α [15]. Thus, the mechanism of 
reducing the TNF-α level was proposed to be a result of inhibiting the TACE enzyme.  

Concanavalin a (Con a) is a plant lectin (carbohydrate-binding protein) and it is extracted from the 
jack bean (Canavalia ensiformis). Con a could affect many physiological pathways such as agglutination 
[16], lymphocyte mitogenesis [17], and stimulation of several matrix metalloproteinases (MMPs) [18]. Con 
a has been shown to eradicate hepatic tumors in the murine model through activation of the immune 
response in the liver [19]. As the effect of Con a was also significantly reduced as a result of treating HEK-
293 with lesinurad, it was suggested that the drug has some affinity toward Con a resulting in decreasing 
in the Con a effects. Therefore, molecular docking studies were applied to investigate the potential of 
these assumptions.     

2. RESULTS  

2.1. Cytotoxicity of lesinurad on the kidney cells  
Cell viability was decreased in a dose-dependent manner. The cell death was significant at 

concentrations higher than 100 µM, the IC50 value of lesinurad was calculated to be 302.51 µM. At 100 µM 
concentration, cell viability was determined to be more than 80%. To evaluate the possible death 
pathway, an annexin V /PI kit was used. The results show that lesinurad did not induce apoptotic cell 
death in the HEK-293 cell line at the tested concentrations (p>0.05) (Figure 1). 

 
Figure 1. Apoptotic effect of lesinurad after 24 h exposure. PC: positive control (500 µM H2O2). The cells 
exposed to 1% DMSO were accepted as the control group *p<0.05 calculated versus the control group 
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2.2. Oxidative stress versus antioxidant effect  
Although 24 h of exposure to lesinurad induced a decrease in ROS and MDA levels and an 

increase in TAC level the changes were insignificant (p> 0.05) (Figure 2). 

 
Figure 2. Oxidative effects of lesinurad on HEK-293 kidney cells a) Mean fluorescence intensity of DCF+ cells 
b) MDA level and c) TAC level in the cells. 

2.3. NF-κB protein level 
Following 24 h lesinurad treatment, NF-κB protein expression dose-dependently was decreased, 

however, the decrease was found to be statistically significant only at the 100 µM concentration group 
(Figure 3). 

 
Figure 3. NF-κB protein expression level in HEK-293 kidney cell line after 24 h lesinurad exposure. *p<0.05 
versus the control group. NF-κB: Nuclear Factor kappa B. Con a: Conconavalin a. 
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2.4. Changes in inflammatory mediators  
 

While lesinurad did not induce any increase in TNF-α, IL-10, IL-6, and IL-2 levels, it decreased the 
levels of IL-6 and TNF-α in HEK-293 kidney cells, this decrease was significant only for TNF-α at the 
highest concentration. 100 µM was chosen to assess the anti-inflammatory effect of lesinurad. Results 
showed that lesinurad significantly (p<0.05) inhibited the secretion of TNF-α, IL-10, IL-6, and IL-2 in the 
cells pre-exposed to Con a (25 µg/mL) (Figures 4 and 5). 

 

Figure 4. Changes of cytokine levels in HEK-293 kidney cell line after 24 h lesinurad treatment. *p<0.05 
versus the control group. IL: interleukin, TNF-α: tumor necrosis factor-alpha. Con a was used as a 
positive control. 
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Figure 5. Anti-inflammatory effect of lesinurad (100 µM, 24 h) on HEK-293 kidney cells pre-treated with Con a 
for 12 h. *p<0.05 versus control group, #p<0.05 versus Con a group. 

2.5. Molecular Docking and MM-GBSA Studies 
 

In order to verify the accuracy of the applied molecular docking procedure for each protein 
structure, the rebuilt and resulting docked poses for each native ligand were aligned on the respective co-
crystallized ligand using the superimposition tool in the Maestro program, and the root mean square 
deviation (RMSD) values were calculated (Figure 6). The RMSD values were determined to be 0.457 for 
ik-682, the native ligand of TACE crystal structure (PDB code: 2FV5), and 0.964 for α-methyl-D-
mannopyranoside, the native ligand of concanavalin A crystal structure (PDB code: 5CNA). These 
observed RMSD values fall within the acceptable range of being lower than 2Å. Therefore, it can be 
concluded that the docking process was performed accurately and can be considered reliable for the 
studied ligands.  
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Figure 6. Superimposition of the reduced docked form and the crystal form of the native ligands: (a) ik-
682, the native ligand of TACE (PDB ID: 2FV5), and (b) α-methyl-D-mannopyranoside, the native 
ligand of concanavalin A (PDB ID: 5CNA).   
From the docking results, it is evident that lesinurad exhibited a lower docking score (-3.46 

kcal/mol) compared to the reference structure (ik-682), which had a docking score of -12.52 kcal/mol. 
Analyzing the docking studies on the TACE protein, it is obvious that the zinc ion and specific amino 
acid residues, namely Gly-349, Leu-348, and Glu-406, play a significant role in the inhibitory activity of 
TACE. These residues form six valuable hydrogen bonds within the binding site, suggesting their 
importance in the binding and potential inhibition of TACE. As depicted in Figure 7-a, ik-682 exhibits 
optimal positioning within the binding site, and its high affinity is primarily attributed to several key 
interactions. Specifically, it forms two hydrogen bonds with Gly-349, one hydrogen bond with Leu-348, 
and the hydroxyl group forms a hydrogen bond with Glu-406. In addition, ik-682 forms a coordination 
bond with the zinc ion, and the zinc also participates in another coordination bond with the carbonyl 
oxygen of the hydroxamine group. Furthermore, a pi-cation interaction occurs between the zinc and the 
phenyl ring of ik-682. These favorable interactions are complemented by various hydrophobic 
interactions involving Tyr347, Leu348, Glu-398, Leu-401, His-405, Ala-439, Val-440, and Asn-447 [20]. On 
the contrary, docking of lesinurad to the TACE binding site reveals the formation of only two hydrogen 
bonds with TYR-390 and a surrounding water molecule. Unlike ik-682, lesinurad does not exhibit 
favorable interactions with the zinc ion and other important amino acids observed previously. As 
depicted in Figure 7-b, the presence of the bulky cyclopropyl-naphthalene ring in lesinurad causes the 
bromo-triazole ring to be pushed outside the binding site. This results in steric clashes and ultimately 
leads to the observation of weak to moderate affinity for lesinurad.  

(a) 

  

(a) (b) 
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(b) 

 

  
Figure 7. Docking mode of ik-682 (a) and lesinurad (b) into the active site of TACE (PDB code: 2FV5) 
shown in 2D and 3D views. The binding site is mapped as an electrostatic potential surface, where red 
and blue indicate areas of negative and positive electrostatic potential, respectively (transparency set to 
70%). In the 3D structure, the ligands are represented as green stick structures. The Hydrogen bonding, 
salt bridge, and π-cationic interactions are denoted by red, purple, and green dotted lines. 
 
Within the carbohydrate-binding site of the Con a protein, the reference ligand α-methyl-D-

mannopyranoside (α-MeMP) exhibits higher affinity compared to the drug lesinurad. The α-MeMP aligns 
ideally within the binding pocket. The calculated docking score for α-MeMP is -6.97, indicating a strong 
binding affinity. Furthermore, the MM-GBSA value for α-methyl-D-mannopyranoside is -35.2 kcal/mol, 
further supporting its favorable binding energy. The superior affinity of the reference agent, α-MeMP, 
can be attributed to the formation of various favorable interactions with nearby amino acid residues. 
These include Arg-228, Asn-14, Asp-208, Tyr-100, and Leu-99. Additionally, α-MeMP forms an additional 
hydrogen bond with a nearby water molecule (as depicted in Figure 8-a). These observed interactions 
align with previously reported results, further confirming their significance in contributing to the strong 
binding affinity of α-MeMP within the Con a protein's binding site [21]. The docking of lesinurad within 
the carbohydrate-binding pocket of Con a, as illustrated in Figure 8-b, reveals the presence of several 
favorable interactions. These interactions include the formation of two salt bridge interactions with Arg-
228 and Asn-14. Additionally, lesinurad forms two hydrogen bonds with Arg-228. Notably, Arg-228 is 
also involved in a pi-cation bond with the triazole ring of lesinurad. These observed interactions highlight 
the importance of Arg-228 in contributing to the binding of lesinurad within the carbohydrate-binding 
pocket of Con a. The observed favorable interactions within the carbohydrate-binding pocket of Con a 
play a significant role in driving a moderate affinity for lesinurad compared to the reference ligand. This 
is supported by the recorded XP glide docking score of -4.01 and MM-GBSA score of -8.45. Similar to the 
observations in the TACE protein, the presence of the bulky cyclopropyl-naphthalene group in lesinurad 
causes the bromo-triazole ring to be pushed outside the binding site. This spatial arrangement leads to a 
reduction in affinity, as observed in the 3-D view.  
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(a) 

  

 

(b) 

  
Figure 8. Docking mode of α-methyl-D-mannopyranoside (a) and lesinurad (b) into the active site of 
Con a (PDB code: 5CNA) shown in 2D and 3D views. The binding site is mapped as an electrostatic 
potential surface, where red and blue indicate areas of negative and positive electrostatic potential, 
respectively (transparency set to 70%). In the 3D structure, the ligands are represented as green stick 
structures. The Hydrogen bonding, salt bridge, and π-cationic interactions are denoted by red, purple, 
and green dotted lines. 
 
A summary of the obtained XP docking, glide emodel, glide gscore, MM-GBSA scores, as well as 

the amino acid residues involved in the interaction profiles and the type of interactions, can be found in 
Table 1.   

 
Table 1. Detailed interactions and binding scores of lesinurad, ik-682, and α-methyl-D-mannopyranoside compounds 
within the binding pocket of both Con a (PDB ID: 5CNA) and TACE (PDB ID: 2FV5) target proteins. 

Con a protein target 
(PDB ID: 5CNA) 

TACE protein target 
(PDB ID: 2FV5) Type of  

interactions  α-methyl-D-
mannopyranoside  Lesinurad ik-682 comp  Lesinurad 

Asn14, 
Asp208,Tyr100, 
Leu99, Arg228 

Arg228  Glu406, Gly349, 
Leu348 Tyr390 H. Bs  

- Tyr12, Tyr100, 
Arg228 

Tyr347, Leu348, 
Glu398, Leu401, 
His405, Ala439, 
Val440, Asn447 

Leu348, Ile394, 
Glu398, Leu401, 
Val402, Ala439 

HPHO  

-6.97 -4.01 -12.52 -3.46 Docking score 
-6.97 -4.01 -12.54 -3.46 Glide gscore 
-56.22 -38.03 -147.38 -38.02 Glide emodel 
-35.2 -8.45 -49.47 -18.97 MM-GBSA (ΔG) 

H. Bs: hydrogen bond interactions. π-Cation: pi-cationic interactions. HPHO: hydrophobic interactions. 
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3. DISCUSSION 
Lesinurad and xanthine oxidase inhibitors combination therapy was approved for hyperuricemia 

patients who cannot be treated adequately with xanthine oxidase inhibitors alone [3,4]. Lesinurad 
selectively inhibits uric acid transporters and reduces serum uric acid levels. However, in 2019 it was 
reported that lesinurad was discontinued in the USA because of business reasons, not for efficacy or 
toxicity issues [22]. One of the main concerns about lesinurad is renal adverse events, and it has a black 
box warning about acute renal injury [4]. While some previous data indicate that the mechanism of 
lesinurad may be a consequence of uric acid crystallization in the kidney which could lead to renal injury, 
this has not been supported by experimental studies [8]; the nephrotoxic effect and so the underlying 
mechanism of lesinurad is still unclear. Thus, in this study, the renal effects of lesinurad were evaluated 
using the HEK-293 cell model. 

Cytotoxic drugs are among the common causes of hyperuricemia [23] on the same hand, 
hyperuricemia is associated with cell death through apoptotic effects [24]. While lesinurad is used to 
decrease concentrations of blood uric acid, it causes to increase in the level of uric acid in the kidney 
tissue at the same time and this accumulation could lead to renal cell death. Heitel et al. (2018) reported 
no cytotoxicity of lesinurad at a concentration up to 50 µM [25]; in the current study, the IC50 of lesinurad 
was calculated to be 302.15 µM which is nearly 7-fold of the therapeutic serum’s level. The annexin V/PI 
protocol also shows no significant apoptotic effect of lesinurad at a concentration of up to 100 µM. 

Oxidative stress has been shown to increase in gout patients as a result of hyperuricemia and this 
is a contributing factor to the emergence of renal dysfunction [26, 27]. Besides that, the accumulation of 
uric acid in the kidney tissue because of treatment with lesinurad is hypothesized to induce oxidative 
stress in the cells. However, the present research results show that lesinurad did not induce any 
significant change in ROS or MDA levels and did not affect the antioxidant system as no reduction in 
TAC levels was noticed. Similarly, Alghamdi et al. (2020) showed that lesinurad diminished plasma 
MDA levels and increased plasma catalase and glutathione peroxidase levels insignificantly [27]. These 
results indicate an increase in antioxidant enzymes to estimate the redox balance in the cells without 
induction of lipid peroxidation.  

Chronic and untreated hyperuricemia leads to renal inflammation via activation of the NF-κB 
signaling pathway [28]. NF-κB is a transcription factor that induces transcription of the other 
inflammatory factors, so it is one of the main regulators in the development of inflammatory response 
[29]. In the study, NF-κB protein expression was significantly decreased at 100 µM. additionally, the 
expression level of TNF-α significantly decreased at the same concentration. TNF-α causes the activation 
of NF-κB and NF-κB causes the release of TNF-α [30, 31]. The decrease in NF-κB expression might be a 
consequence or a reason for decreases in TNF-α secretion. The slight, but insignificant, decrease in IL-6 
supports this assumption; The IL-6 expression is just as TNF- α expression stimulated by NF-κB, and the 
decrease of IL-6 causes a decrease in NF-κB level. Reduction of IL-6 and TNF-α levels in the kidney has 
been shown to ameliorate kidney toxicity. Heitel et al. (2018) indicated that lesinurad might exhibit anti-
inflammatory effects via peroxisome proliferator-activated receptor gamma (PPARγ) modulator activity 
on the HEK-293 cell line [25]. Similarly, in this study, lesinurad shows an anti-inflammatory effect as it 
significantly decreases the levels of IL-10, IL-6, IL-2, and TNF- α in cells pre-treated with Con a, an 
inflammatory agent, for 12h. 

In our study, we aimed to elucidate the in vitro results by investigating the roles of TACE and 
Con a proteins in modulating TNF-α and inflammatory mediators, respectively, upon exposure to 
lesinurad. Molecular docking studies were conducted to explore the binding mode and interaction 
patterns of lesinurad within the binding pockets of TACE and Con a. The significant decrease in TNF-α 
and inflammatory mediators observed only at a high concentration of lesinurad exposure (100 µM) 
suggests the low to moderate affinity of lesinurad for both proteins. These findings are supported by the 
identification of less favorable interactions and binding behavior within the binding sites of TACE and 
Con a when compared to the reference ligands. Consequently, weaker glide docking scores and MM-
GBSA values were observed. These molecular docking results provide valuable insights into the binding 
characteristics of lesinurad and help explain the observed experimental data. Furthermore, these findings 
contribute to our understanding of the drug's selectivity, toxicity, and drugs impact on various 
physiological pathways. This information can be utilized to improve the chemical and physiological 
properties of lesinurad, enhancing its effectiveness and reducing potential adverse effects. 
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4. CONCLUSION 
In conclusion, the mechanism of lesinurad depends on the reduction of uric acid in the blood by 

inhibiting the uric acid transporters that are responsible for the reuptake of uric acid from the kidney; 
Starting from this point of view, it was hypothesized that lesinurad cause to the uric acid accumulation in 
the kidney cells, which after that induces oxidative stress-related inflammation and cell death. However, 
lesinurad showed cytotoxicity at levels higher than the therapeutic concentrations (IC50 ≥ 7-fold of 
therapeutic levels), at concentrations up to 100 µM didn't show an elevation in oxidative stress endpoints, 
depletion in the antioxidant system, nor increases in inflammation markers expressions. Oppositely, 
lesinurad decreases the levels of inflammation biomarkers after the pre-treatment with an inflammatory 
agent. Therefore, these results nullify the proposed hypothesis and no relation between lesinurad 
exposure with inflammation of oxidative stress.  The lesinurad- induced acute kidney injury could be 
associated with mechanical damage because of uric acid crystallization. However, more studies are 
required to confirm our results. 

5. MATERIALS AND METHODS 
 

5.1. Cell Culture and Drug Treatment  
HEK-293 cell line was purchased from the American Type Culture Collection (ATCC, USA). 

HEK-293 cells were cultured in an RPMI cell culture medium containing 10% heat-inactivated fetal 
bovine serum and 1% antibiotic. The cells were subdivided (sub-cultured) when reach 70% confluence. 
The culture medium was altered every 2-3 times per week. All experiments were done with the passage 
between 10-20.  
       The previous data determined the maximum plasma concentration of lesinurad as 14.84 µM after oral 
administration of 200 mg lesinurad [4]. Heitel et al (2018) reported no cytotoxicity of lesinurad at 
concentrations up to 50 µM. In their work to evaluate the effect of lesinurad on CYP 450 enzymes [25], 
Gillen et al. (2017) used concentrations between 0.16 and 100 µM and calculate the inhibition 
concentrations to be more than 16.2 µM [32]. Therefore, different concentrations of up to 1000 µM were 
used to evaluate the cytotoxicity; According to cytotoxicity results and the previous data concentrations 
between 12.5 µM and– 100 µM were chosen for the other parameters. Following the cellular attachment, 
cells were exposed to lesinurad for 24 The control groups were treated with a cell culture medium 
containing 1% DMSO.  
 
5.2. MTT cytotoxicity assay 

The cytotoxic effect of lesinurad was evaluated spectrophotometrically using MTT dye (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide). Viable cells reduced tetrazolium ring to 
formazan crystals [33]. Briefly, about 1x104 cells/well were seeded into 96 well plates. After lesinurad 
treatment, MTT dye solution (5 mg/mL) was added to each well and incubated at 37 °C for a further 3 h. 
Then, the crystals were dissolved in 100 µL of DMSO. Optical density (OD) was read at 590 nm with a 
microwell plate reader (Epoch, Germany) and the median growth-inhibition concentration (IC50) was 
determined according to the formula (1), the results were shown as the median ±SD.  
Cell death (%) = 100 – [(OD sample X 100)/OD control] 
 
5.3. Determination of Apoptosis  
The apoptosis induction potential was evaluated by the apoptosis detection kit (Biolegend, Germany) 
according to the manufacturer’s guidelines. After 24 h lesinurad exposure, cells were trypsinized and 
washed with PBS (1X). Cells were resuspended in binding buffer (100 µL), annexin V and PI dyes were 
added to each sample and incubated at RT for 15 min. After Annexin V binding buffer (400 µL) was 
added, the fluorescence signal was measured in FITC and PE channels using ACEA flow cytometer (San 
Diego, CA, USA). 
 
5.4. Determination of oxidative stress 
 
5.4.1.  Reactive oxygen species (ROS) level  

The induction of ROS production was evaluated by comparing ROS levels in the exposed groups 
to the control ones. For that, a 2', 7'-dichlorofluorescein diacetate dye (H2DCF-DA) assay was applied and 
measured by flow cytometry. After drug treatment, cells were collected with trypsinization, washed with 
PBS (1X), 20 µM H2DCF-DA was added, and incubated at 37°C for 0.5 h. Then, cells were washed with 
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PBS (1X) and suspended in 1% of bovine serum albumin. The fluorescence signal was measured using 
ACEA flow cytometer (USA). The results were analyzed by NovoExpress Software (ACEA Biosciences, 
USA) and represented as mean ± SD fluorescence intensity. 

 
5.4.2. Lipid peroxidation level 

Lipid peroxidation was evaluated spectrophotometrically as previously stated by Buege and Aust 
(1978) based upon the formation of thiobarbituric acid-MDA adduct [34]. 1,1,3,3-tetraethoxypropane was 
used as the standard for the calculation of MDA levels in the cells. The protein level of each sample was 
measured with a BCA assay kit (Thermo Scientific Inc, USA). The MDA level of the cells was shown as µg 
MDA/mg protein in the samples.  

 
5.4.3. Total antioxidant capacity (TAC) level 

Antioxidant defense of the cells plays an important role in scavenging reactive oxygen species 
and other oxidative molecules. TAC level is a marker of antioxidant defense [35], for that, it was used in 
the study to evaluate the changes in the cellular antioxidant system. TAC level was determined with a 
commercial kit (Sigma, USA) following the manufacturer’s rules. 1x104 cells/well were seeded into a 96-
well plate. After lesinurad treatment, the TAC level was determined using the upper phase (the cell 
culture medium) for the experiment. Trolox was used as a standard for the calculation of the TAC level of 
cells. ODs were read at 570 nm in a microwell plate reader (Epoch, Germany). The results were presented 
as nmol/ µL. 

 
5.5. Determination of NF-κB protein level 

The expression levels of NF-κB were examined with western blotting. The cellular proteins were 
extracted utilizing RIPA buffer (Santa Cruz Biotechnology, USA). Proteins were separated by sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and then, proteins were transferred to 
0.22 µm nitrocellulose membrane (Biorad, USA) and the membranes were blocked with 5% non-fat dry 
milk. After blocking, membranes were incubated with primary antibody (ab16502, Abcam, UK, 1:1000 
dilution) at +4 °C. After that, it was treated with HRP-conjugated secondary antibody (ab97051, Abcam, 
UK, 1:20.000 dilution). β-actin was utilized as a loading control (sc-47778, Santa Cruz Biotechnology, 
USA, 1:5000 dilution). The membranes were imaged with ECL substrate reagent (Thermo Scientific Inc., 
USA) in Fx-Vilber Lourmat (France). Results were calculated using Image J software and normalized to 
the control group.  

 
5.6. Determination of Cytokine Levels 

LEGENDplexTM Human Inflammation Panel (BioLegend, CA, USA) was utilized for the 
evaluation of TNF-α, IL-10, IL-6, and IL-2 secretion following the manufacturer’s rules using FACS 
Calibur flow cytometer (BD Biosciences, CA, USA) in cell culture medium. The results were analyzed by 
LEGENDplex v8.0 software (BioLegend CA, USA). ConA, a plant lectin, has been demonstrated to induce 
cytokine release in vivo and in vitro [36, 37]. For that, ConA was employed as a positive control for the 
assay; Cells were treated with lesinurad at concentrations between 12.5 and 100 µM. Additionally, 
according to the results and to evaluate the ability of lesinurad to decrease the ConA-induced 
inflammation cells were pre-treated with ConA (25 µg/mL in PBS) for 12h, and then cells were exposed 
to lesinurad at 100 µM concentration.  

 
5.7. Molecular Docking Studies 
5.7.1. Ligand and protein preparation 

Using the Maestro build panel and the LigPrep v2.5 module (Schrödinger LLC, New York, 2021-
3), the chemical structures of lesinurad and reference ligands were built and prepared, respectively. The 
preparation step involved generating lower energy conformers at the OPLS4 force field of all compounds. 
Also, the ionized were generated states at target pH 7.0 ± 2.0 using the Epik 2.0. All other parameters 
were set to their default value [38].   
  The X-ray structure of TACE protein complexed with IK-682 (PDB code: 2FV5, resolution = 2.10 
Å) and lectin concanavalin a (Con a) complexed with α-methyl-D-mannopyranoside (PDB code: 5CNA, 
resolution = 2.00 Å) was extracted from the Protein Data Bank (PDB). Then, all the obtained crystal 
structures were processed by the Protein Preparation Wizard tool projected in the Maestro program [39]. 
During the protein preparation step, the hydrogens were added to heavy atoms, the missing side chains 
were filled using Prime, the charges and bond orders were assigned, all water molecules were removed 
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beyond 3 Å from the hit group, and finally, the protein structures were minimized using the OPLS4 force 
field. This was followed by generating the receptor grid for docking using the receptor grid generation 
tool in Maestro.     
 
5.7.2. XP Glide Docking 
          The extra precision flexible ligand docking mode was applied using the Glide tool of maestro 
Schrödinger 2021-3. The Van der Waals scaling factor and the partial charge cutoff for ligand atoms were 
selected to be 0.80 and 0.15, respectively [40]. The final scoring was carried out on energy minimized pose 
and was recorded as a Glide score, which indicates the binding affinity of the compound with the target 
protein. Higher scores indicate stronger binding. Moreover, the Glide scoring function score (Glide 
Gscores) and glide's empirical scoring function (glide emodel) values were examined that reflect the 
predicted binding free energy of the compound with the target protein and the predicted ligand-receptor 
interaction energy, respectively. The obtained pose that presented the least glide score (higher in negative 
value) was selected as the best pose and labelled for each ligand.  
 
5.8. MM-GBSA: 
         The Molecular Mechanics-Generalized Born Surface Area (MM-GBSA) approach has recently 
garnered attention in drug discovery as a valuable tool for estimating the relative binding free energies of 
investigated hit structures [41, 42]. In this work, we report the assessment of molecular docking scores 
obtained for the lesinurad, ik-682, and α-methyl-D-mannopyranoside candidates, along with their 
corresponding MM-GBSA scoring values for two tested target proteins, Con a and TACE. The MM-GBSA 
scoring study was conducted using the Schrodinger suite of software (Maestro, version 2021-3) 
employing the OPLS4 force field. The binding free energy, ΔGbind, was estimated as follows:   
ΔGbind = ΔEMM+ ΔGsolv + ΔGSA 

Where ΔEMM represents the energy gap between the ligand-protein complex and the cumulative energy 
of the ligand and target protein in their uncomplexed state, ΔGsolv is the energy difference between the 
GBSA solvation energy of the complex and the comprehensive solvation energies of the unliganded 
protein target and the candidate ligand, and ΔGSA refers to the surface area energy variance between the 
complex and the total surface area energies calculated for the uncomplexed protein and ligand.  
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