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a b s t r a c t 

Phytotherapy for breast cancer, the second most common cancer diagnosed among women and a leading 

cause of their death globally, may serve as an adjuvant therapy to combat adverse chemo-and radiother- 

apy challenges. IL-6/STAT3 signaling pathway, governing breast cancer progression, remains a favourite 

therapeutic target in developing phytotherapy. Therefore, identifying phytocompounds with novel targets 

influencing the IL-6/STAT3 pathway would help to develop phytotherapy for breast cancer. In this study, 

we demonstrate the novel binding site, i.e., the interface of IL-6 and IL-6R α of the IL-6/STAT3 signaling 

pathway of cancer progression. Ten potent anticancer phytocompounds were analyzed for their bind- 

ing with IL-6/IL-6R α complex using molecular docking and molecular dynamics simulations. Among all, 

genistein showed excellent binding energy (-10.59 kcal/mol) with the IL-6/IL-6R α interface of the STAT3 

pathway. In cytotoxicity experiment, Genistein showed IC 50 of 38 μM and 18 μM for 24 and 48 h, respec- 

tively, whereas quercetin showed IC 50 of more than 50 μM and 35 μM at 24 h and 48 h, respectively on 

MDA-MB-453 breast cancer cell line. Based on bioinformatic analyses and cellular toxicity assay, we pro- 

pose genistein as a potential therapeutic phytocompound to inhibit the IL-6/STAT3 pathway by blocking 

the interaction of IL-6 with the IL-6 receptor. 

© 2022 Elsevier B.V. All rights reserved. 

1. Introduction 

Interleukin 6 (IL-6), a pro-inflammatory cytokine, plays a pri- 

mary role in expanding and differentiating tumor cells. IL-6 me- 

diates tumorigenesis by regulating key processes such as apopto- 

sis, cell proliferation, survival, angiogenesis, and metastasis [1 , 2] . 

Increased expression of IL-6 in plasma and tumor tissues has been 

reported in breast and other types of cancer [3] . Breast cancer (BC), 

with an estimated 2 million new cases annually, remains the sec- 

ond most common cancer of women diagnosed globally and causes 

6,27,0 0 0 deaths [4] . An aberrant STAT3 (signal transducer and acti- 

vator of transcription 3) signaling pathway acts as one of the fac- 

tors for the pathogenesis of BC and initiation of malignancy [5–

7] . The IL-6 mediated STAT3 pathway is initiated by the binding 

Abbreviations: IL-6, Interleukin 6; IL-6R, Interleukin 6 Receptor; STAT-3, Signal 

transducer and activator of transcription 3; MD simulations, Molecular Dynamics 

simulations; gp130, Glycoprotein 130. 
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of IL-6 to IL-6R α along with GP130 to form a hexameric complex 

of IL-6/IL-6R α/GP130 hetero-trimers. The IL-6 has three conserved 

epitopes site I, II, and III. At the site I interface, the IL-6R α domain 

specifically binds and at site III GP130 binds to IL-6. Whereas, at 

site II both IL-6R α and GP130 form common interface interactions 

with IL-6. In the site I interface residues Phe74, Lys171, Gln176, 

Arg178, Arg179 from helices A and D interact with D3 domain of 

the IL-6R α receptor. At the same time, IL-6 site II involves the in- 

teraction of IL-6R α and GP130 in two distinct interfaces, IIa and IIb. 

The interface IIa consists of IL-6 helices A and C interacting with a 

small hinge region between the periphery of D2 and D3 domains 

of GP130. On the other hand, interface IIb covers the D3 domain of 

IL-6R α and Domain D3 of GP130. Thus, two heterotrimers assem- 

ble to form a functional hexameric signaling complex through site 

III [8 , 9] . Once the complex is formed it triggers the STAT3 phos- 

phorylation, cascade dimerization, nuclear translocation, and DNA 

binding [10] . IL-6 is also reported as a predictive marker for as- 

sessing advancing breast cancer [11] where the IL-6/STAT3 signal- 

ing induces angiogenesis and epithelial-to-mesenchymal transition 

and cancer progression. 
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Though IL-6 and STAT3 are attractive therapeu- 

tic/pharmacological targets [12] , targeting STAT3 remains chal- 

lenging as it is localized intracellular and lacks its enzymatic 

activity [13] . IL-6 also acts as a pro-tumorigenic agent [14] , besides 

serving as an activator of the STAT3-dependent inflammatory 

pathway [7] . Though inhibiting translocation of STAT3 from cell 

membrane to nucleus controls cancer initiation, progression and 

metastasis, IL-6 remains a realistic therapeutic target as it activates 

STAT3 intracellularly [15 , 16] . Several STAT3 inhibitors with varying 

mechanisms have been reported; however, only a few have crossed 

the preclinical evaluation phase to the clinical trials phase [17] . 

In contrast to synthetic chemical inhibitors, phytocompounds 

are considered safe and more potent in controlling cancer during 

chemotherapy [18 , 19] . In addition, different phytocompounds from 

medicinal herbs exhibit antiproliferative and apoptosis-inducing 

activities on different breast cancer cell lines [20 , 21] . Available 

drugs, such as madindoline A (MDL-A), raloxifene and bazedox- 

ifene significantly reduce the risk of BC and improved patient sur- 

vival by inhibiting the STAT3 signaling pathway [10] . However, 

drug resistance, low response rates and drug reactions are major 

issues of the current cure [22] . Also, a lack of effective therapy to 

prevent metastasis and recurrence of BC warrants designing and 

identifying novel chemotherapeutic agents for effective treatments 

with fewer side effects. Therefore, the discovery of new drugs and 

target molecules is still required. Hence, phytocompounds from 

traditional medicinal plants that regulate the IL-6/STAT3 cancer 

signaling pathway would serve as a novel strategy to control breast 

cancer and increase the acceptance of phytotherapy in the treat- 

ment. 

Phytocompound-mediated regulation of different breast cancer 

signaling pathways has been suggested as a promising adjuvant 

therapy for cancer treatment [23 , 24] . Several plant preparations 

and their active ingredients have been reported to suppress the 

progression and development of cancer. Kapinova et al. (2018) 

has reported that more than 50 0 0 individual phytocompounds 

were identified from plant-derived foods, such as fruits, vegeta- 

bles, and grains [25] . In a recent review, Levitsky et al. (2015) high- 

lighted the ten most therapeutic drugs such as genistein (polyphe- 

nols), quercetin (polyphenols), parthenolide (sesquiterpene lac- 

tone), xanthatin (sesquiterpene lactone), Rosmanol (diterpene), 

carnosol (diterpene), resveratrol (stilbenoid), rohitukine (alkaloid) 

and curcumin (diarylheptanoid) as the potent anticancer phyto- 

compounds [23] but their roles in the IL-6/STAT3 pathway remain 

unknown. Therefore, using molecular docking, MD simulations and 

cell-based assay we tried to identify the phytocompounds which 

can inhibit the IL-6-mediated STAT3 pathway by inhibiting the 

binding of IL-6/IL-6R α to identify the novel therapeutic compound 

for breast cancer treatment. Our study showed genistein as a po- 

tent therapeutic phytocompound that inhibits IL-6 and IL-6R α, in- 

teractions and prevents the cascade of the IL-6/STAT3 pathway. 

Therefore, we propose genistein as a potential phytocompound 

beneficial in combination therapy to reduce the severity of breast 

cancer. 

2. Materials and methods 

2.1. Molecular docking 

Molecular docking of ten known Phytocompounds (Genistein, 

Parthenolide, Rosmanol, Xanthatin, Quercetin, Carnosol, Resvera- 

trol, Raloxifene, Rohitukine, and Curcumin) was performed with 

the crystal structure of human IL-6 in complex with IL-6R/gp130 

(PDB ID: 1P9M) [8] using AutoDock4.2.6. For our docking studies, 

the monomeric IL-6 and IL-6R α complex was used. Before dock- 

ing the solvent molecules in the crystal structure were removed 

and energy minimized. Similarly, the coordinates of the phytocom- 

pounds retrieved from http://zinc.docking.org/ were energy mini- 

mized before docking. The site I interface in the IL-6/IL-6R α com- 

plex was defined as the docking/binding site as described in the 

previous studies [26] . Out of 10 docked poses, the conformation 

with the best free energy of binding was selected as the best- 

docked pose for all 10 different phytocompounds. Pymol software 

was used to analyze the docked ligand. 

2.2. Molecular dynamics 

The IL-6/IL-6R α complex both in the presence and absence of 

docked phytocompounds were subjected to 50 ns MD simulations 

using GROMACS-5.1.3. Before the MD run, the models were energy 

minimized using GROMOS 54a7 force field [26 , 27] . Both protein 

and the protein-ligand complex were placed in a cubic box ex- 

tended to 10 Å from the edges in each direction and solvated with 

water model SPC216. The solvated complexes were again energy 

minimized using the steepest descent algorithm by convergent cri- 

teria of ≤10 0 0.0 KJ/mol/nm to remove the van der Waal clashes 

between the solute and solvents. Before subjecting the complexes 

for 50 ns MD simulations, the system was equilibrated at 1 atm 

pressure and 300 K for 100 ps using Berendsen thermostat and 

Parrinello-Rahman barostat in Periodic boundary conditions. The 

leapfrog dynamics integrator was performed to integrate the po- 

sition and velocity of atoms at the step size of 1fs, LINCS algo- 

rithm was used to constrain all the bonds [28] . PME (Particle Mesh 

Ewald) algorithm was used for the calculation of the Long-range 

electrostatic interactions, whereas the Verlet scheme for neigh- 

bor searching was used for calculating the short-range interactions 

[29] . For the MD simulations of the IL-6 receptor and IL-6 only in 

the absence of any phytocompounds, the same protocol was used 

for comparative study [30] . 

MM/PBSA calculations: The Molecular Mechanics/Poisson 

Boltzmann Surface Area (MM/PBSA) was used to calculate the 

free binding energy of the IL-6 and IL-6 receptor phytocompound 

complexes using the single trajectory method by using the de- 

fault parameters. The g_mmpbsa GROMACS module was used for 

binding free energy estimation [31] . 

2.3. Cell culture 

The Human metastatic breast cancer cell line MDA-MB-453 was 

purchased from NCCS (National Center for Cell Science) Pune, In- 

dia. Cells were frozen in LN 2 in multiple vials and cultured for less 

than 15 population doubling for this study. The cells were grown 

in DMEM media (Dulbecco’s Modified Eagle’s medium) (Gibco, 

Thermo Fisher Scientific) with 10% FBS (Fetal Bovine Serum) South 

American origin (Gibco, Thermo Fisher Scientific) and with 1% 

Antibiotic- Antimycotic 100X (Gibco). Thermo-scientific humified 

incubator was used for maintaining the cells at 37 °C with 5% 

CO 2 . Trypsin 0.25% (1X) and 0.2% EDTA in Dulbecco’s phosphate- 

buffered saline (Himedia) was used for cell dissociation during cell 

passaging. 

2.4. Cell cytotoxicity 

To demonstrate the antiproliferative effect of genistein and 

quercetin on the MDA-MB-453 breast cancer cell line, MTT as- 

say was performed in a 96 well plate using MTT (3-(4,5- 

Dimethylthiazol-2-yl) −2,5-Diphenyltetrazolium Bromide) (Molecu- 

lar Probes, Invitrogen) reagent. 80 0 0 cells were seeded in DMEM 

complete media for 24 h and 48 h and then challenged with dif- 

ferent concentrations of either genistein or quercetin ranging from 

0 to 50 μM. To estimate the cell cytotoxicity (%) in MDA-MB-453 at 

24 h after the treatment, the cells were incubated with 0.5 mg/mL 

MTT (prepared in PBS) reagent for 4 h at 37 °C in 5% CO 2 . After 
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Fig. 1. Docking of phytocompounds (higher binding energy) with IL-6/IL-6R α complex. (a) Residues forming the site-I binding pocket in IL-6 and IL-6R are shown in ball 

and stick. (b-e) The hydrogen-bonded, and electrostatic interactions formed between phytocompounds (b) genistein, (c) parthenolide, (d) quercetin, and (e) carnosol and IL-6 

(cyan) /IL-6R α (green) complex are shown in dotted lines. 

that, the existing solution was replaced with 80 μL DMSO to dis- 

solve formazan crystals, followed by measurement at 575 nm using 

Spectramax i3x. The assay was performed in triplicates, and the 

IC 50 and the graphs were made using Sigma plot 14.0. The follow- 

ing equation was used for calculating the cytotoxicity percentage 

[26] . 

Cyt ot oxicity P ercentage = 

(
1 − Absorbance of sample 

Absorbance of negati v e control 

)
100 

The absorbance of negative control refers to “the absorbance of 

the untreated cells” and absorbance of the sample refers to “the 

absorbance given by the cells treated with different concentrations 

of compounds” used in the MTT assay and the readings were taken 

at 575 nm. 

3. Results 

3.1. Molecular docking 

The docking of all plant-derived phytocompounds; Genistein, 

Parthenolide, Quercetin, Carnosol, ( Fig. 1 ) Curcumin, Raloxifene, 

Rosmanol, Rohitukine, Vinblastine, and Xanthatin ( Fig. 2 ) were per- 

formed at the interacting interface between IL-6 and IL-6R α (site 

I) in the crystal structure of IL-6/IL-6R/GP130 complex (PDB ID: 

1P9M). Out of these ten compounds, genistein showed compar- 

atively higher binding energy ( −10.59 kcal/mol) with IL-6 and 

IL-6R α complex. The binding energy of other compounds varied 

from −9.88 kcal/mol to −5.64 kcal/mol shown in Table 1 . Ki val- 

ues were calculated from the docking energy using AutoDock4.2.6. 

For further MD simulations analysis, compounds with binding en- 

ergy greater than −8 kcal/mol (Genistein, Quercetin, Carnosol, and 

Parthenolide) were selected. 

3.2. Molecular dynamics 

The molecular dynamics of IL-6 and IL-6 receptor (alpha sub- 

unit) were performed both in the presence and absence of ligands 

to analyze the binding of phytocompounds to the complex. The 

RMSD, SASA, Rg and RMSF plots showed protein (IL-6/IL-6R α) was 

stable throughout MD simulations ( Fig. 3 a-d). In absence of lig- 

ands, the IL-6 and IL-6R α were stabilized by hydrogen-bonded and 

Table 1 

Binding energy and inhibition constant of phytocompounds with IL- 

6/IL-6R α complex. 

S. No. Anticancer compounds B. E. (kcal/mol) Ki 

1. Genistein −10.59 17.38 nM 

2. Quercetin −9.88 56.82 nM 

3. Carnosol −9.40 128.21 nM 

4. Parthenolide −8.16 1.05 μM 

5. Xanthatin −7.43 3.57 μM 

6. Rosmanol −7.33 4.25 μM 

7. Rohitukine −7.12 6.01 μM 

8. Raloxifene −6.75 11.20 μM 

9. Curcumin −6.54 16.00 μM 

10. Vinblastine −5.64 73.54 μM 

hydrophobic interactions throughout the MD simulations. Upon 

analysis of MD trajectories of protein, three hydrogen bonds were 

constantly observed throughout the 50 ns of MD simulations along 

with other varying hydrogen bonds between IL-6 and IL-6R α com- 

plex (Table S1). In the protein-ligand complex, the MD trajecto- 

ries showed many stable hydrogen-bonded interactions formed be- 

tween IL-6 and IL-6R α were lost due to the binding of phytocom- 

pounds at site I (Table S1). Although the RMSD, SASA, and Rg plots 

showed that the protein-ligand was stable throughout MD simula- 

tions. The RMSF plot showed in the protein-ligand complexes, the 

region from 100 to 135 and145 to 176 showed large fluctuations in 

the IL-6/IL-6R α which imparts instability. In the genistein complex, 

the loop regions in the IL-6R α between 220th - 240th residues 

and 250th - 260th showed higher RMSF. A similar shift was ob- 

served in the quercetin complex. The average RMSD of the ligands 

Quercetin and Genistein is approximately 0.4 nm. In carnosol and 

parthenolide complexes, no major change in the displacement of 

the receptor-protein complex was observed ( Fig. 3 d). Genistein and 

quercetin formed stable H-bonded interactions with IL-6/IL-6R α af- 

ter 50 ns MD simulations ( Fig. 3 e and f). 

3.3. H-bond occupancy 

The occupancy of hydrogen bonds formed between ligand and 

protein complex was calculated using GROMACS for the entire 

50 ns MD simulations. Among all, quercetin formed as many as 

3 
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Fig. 2. Docking of phytocompounds (low binding energy) with IL-6/IL-6R α complex. Interactions formed by phytocompounds (a) curcumin, (b) raloxifene, (c) rasmonal, (d) 

rohitukine, (e) vinblastine, and (f) xanthatin with IL-6 (cyan) /IL-6R α (green) complex are shown in dotted lines. 

Fig. 3. Molecular dynamic simulations of IL-6/IL-6R α complex with phytocompounds: The IL-6/IL-6R α with the ligands like Gen, Car, Que, and Par are shown in Blue, Green, 

Cyan and magenta color respectively, and the IL-6/IL-6R α alone is shown in red color (a) RMSD: The Root Mean Square Deviation (RMSD) graph shows that the complex was 

generally stable. (b) SASA: the solvent-accessible surface area upon ligand binding, (c) Radius of Gyration: Rad. of Gyr. plot showing the compactness of protein compounds 

complex during molecular dynamics, and (d) RMSF plot shows the flexibility of the polypeptide chain during molecular dynamics. (e) and (f) shows the interactions formed 

by genistein and quercetin with IL-6/IL-6R α after 50 ns MD simulations. 

9 H-bond during MD simulation with a 5–6 average H-bonds. The 

residues, Asp165 and Gly164 from IL-6R α showed the highest H- 

bond occupancy with quercetin throughout 50 ns MD simulations. 

Next to quercetin, genistein formed a maximum of 5 hydrogen 

bonds with 2 H-bonds as an average. In the genistein complex, 

Arg179 of IL-6 molecule showed the highest H-bond occupancy 

compared to Arg182 of IL-6 and Gln281 of the IL-6R α. After genis- 

tein, carnosol and parthenolide formed a maximum of 3 and 1 

H-bonds, respectively, with an average of 2 and 1 (Fig. S1 e-h). 

The residues Ser76 and Gln75 from IL-6 predominantly form the 

H-bond with carnosol with the highest H-bond occupancy. While 

in the case of parthenolide, Met67 of IL-6 showed 11.3% as the 

highest occupancy in 50 ns MD simulations. The H-bond occu- 

pancy showed quercetin and genistein have more stable interac- 

tions ( Table 2 ). 

Apart from the hydrogen-bonded interactions quercetin and 

genistein also formed stable van der Waals and hydrophobic in- 

teractions with IL-6 and IL-6R α (Fig. S1). Upon structure anal- 

ysis of 50 ns trajectories of genistein and quercetin complexes, 

a significant displacement was observed in the binary complex 

( Fig. 4 b and d) indicating the destabilization of the IL-6 and IL-6R α
in comparison to IL-6/IL-6R α Apo protein ( Fig. 4 a). On the other 
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Table 2 

Hydrogen-bond occupancy and MM/PBSA total binding energy of ligands with IL-6/IL-6R α complex. 

Phytocompound IL-6/IL-6R Occupancy (%) MM/PBSATotal Energy (kJ/mol) 

Genistein Gen (OAQ) - 179 ARG HE (IL-6) 

Gen (OAQ) −179 ARG H21 (IL-6) 

Gen (OAI) - 281 GLN E21(IL-6R) 

Gen (OAT)- 182 ARG H11(IL-6) 

Gen (OAQ) – 179 ARG H11(IL-6) 

38.3 

21.2 

19.2 

14.0 

11.0 

−80.560 ± 0.106 

Quercetin Que (HAV)- 165 ASP O (IL-6R) 

Que (OAR) - 164 GLY H (IL-6R) 

Que (HAT)- 175 GLN OE1(IL-6) 

Que (OAR) - 230 TYR HH (IL-6R) 

Que (OAU)- 104 ARG H21(IL-6) 

Que (OAS) - 176 SER HG (IL-6R) 

Que (HAU)- 162 PRO O (IL-6R) 

Que (HAU)- 191 GLY O (IL-6R) 

Que (OAU)- 104 ARG H21 (IL-6) 

86.4 

83.4 

76.4 

67.4 

58.8 

33.9 

29.2 

26.8 

10.6 

−63.061 ± 0.108 

Carnosol Car (OAB)- 75 GLN H(IL-6) 

Car (OAB)- 76 SER H(IL-6) 

Car (OAB)- 75 GLN E21(IL-6) 

31.9 

24.6 

22.4 

−50.991 ± 0.089 

Parthenolide Par (OAA)- 67 MET H (IL-6) 11.3 −44.744 ± 0.132 

Fig. 4. IL-6 and IL-6 receptor complex before and after 50 ns Molecular dynamics simulations. (a) The superposition of IL-6-IL-6R α complex before (0 ns) and after 50 ns 

MD simulations without ligand. The displacement between IL-6 and IL-6 receptor after MD simulations with (b) genistein (c) parthenolide (d) quercetin, and (e) carnosol. 

hand, no significant variations were observed in parthenolide and 

carnosol complexes ( Fig. 4 c and e). Apart from the interactions, 

no significant change in RMSF and displacement were observed 

in the parthenolide or carnosol complexes. The MM/PBSA analysis 

was also performed for all IL-6 and IL-6R phytocompound com- 

plexes. The analysis showed that Genistein ( −80.56 KJ/mol) and 

quercetin ( −63.06 KJ/mol) have higher binding energy in compari- 

son to carnosol ( −50.99 KJ/mol), and parthenolide ( −44.74 KJ/mol) 

( Table 2 ) (Fig. S2). Hence, based on these analyses both genistein 

and quercetin were selected for further MTT cell-based assay in 

MDA-MB-453 cell lines. 

3.4. MTT assay 

The cytotoxicity of genistein and quercetin in MDA-MB-453 

breast cancer cells was assessed using the MTT assay. In the pres- 

ence of genistein, a significant decrease in cell proliferation was 

observed in MDA-MB-453 cells at 24 and 48 h of drug treatment in 

both dose and time-dependent manners. Genistein showed a com- 

paratively low IC 50 of 38 μM at 24 h and 18 μM at 48 h, while 

quercetin showed IC 50 greater than 50 μM at 24 h and 35 μM at 

48 h of drug treatment ( Fig. 5 a-d). 

4. Discussion 

The IL-6 mediated STAT3 pathway plays a pivotal role in tumor 

growth and metastasis. IL-6 is a pleiotropic cytokine that can ei- 

ther promote or inhibit tumor growth [32] . In human physiology, 

it plays a central role in the activation of different inflammatory 

pathways [33] . Clinical studies have shown that an increase in IL-6 

expression leads to tumor progression at different stages of breast 

cancer [34 , 35] . IL-6 is also reported as a marker for assessing ad- 
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Fig. 5. IC 50 of genistein and quercetin on MDA-MB-453 breast cancer cell line. Genistein showed relatively low IC 50 at (a) 24 h (38 μM) and (b) at 48 h (18 μM) in comparison 

with quercetin with IC 50 (c) at 24 h ( > 50 μM) and (d) at 48 h (35 μM). 

vanced stages of breast cancer [11] . In addition, the IL-6 mediated 

STAT3 signaling is also reported to play an important role in can- 

cer progression by angiogenesis and inducing a transition from ep- 

ithelial to mesenchymal. Thus, in preclinical and clinical studies, 

the STAT3 signaling pathway remains an attractive therapeutic tar- 

get [17 , 36 , 37] . To initiate the cascade of STAT3 signaling pathway 

proteins, IL-6/IL-6R/GP130 needs to form a hexameric complex. To 

form the hexameric complex, IL-6 initially forms interactions IL- 

6R and GP130 at epitopes site I, II and III (Fig. S3). Upon interac- 

tions, two heterotrimers of IL-6/IL-6R/GP130 are assembled to form 

a functional hexamer [8 , 9] . Once the complex is formed it triggers 

the STAT3 phosphorylation, which leads to the inhibition of IL-6 

mediated cascade [10] . 

To halt the IL-6 mediated STAT3 pathway in cancer, inhibitors 

were designed to target the IL-6 epitopes site I, II, and III. The com- 

pound XZH-5 is targeted at site II and site III to inhibit IL-6 me- 

diated STAT3 phosphorylation. Similarly, raloxifene, bazedoxifene 

and natural inhibitor MDL-A target site II at IL-6/GP130 interface 

[10] . The antibody Olokizumab binds at site III to block IL-6 me- 

diated gp130 interaction [38] . In this study, we targeted site I of 

IL-6 and IL-6R α binding site using potent phytocompounds. Our 

docking and MD simulations results showed that the natural com- 

pounds genistein and quercetin formed stable interactions at site I 

of the IL-6/IL-6R α interface. 

The cytotoxicity assay also showed genistein significantly de- 

creased cell proliferation of MDA-MB-453 breast cancer cells with 

IC 50 of 38 μM at 24 h and 18 μM at 48 h. Similarly, quercetin also 

showed IC 50 more than 50 μM at 24 h and IC 50 value of 35 μM 

for 48 h. Based on our results, we propose a mechanism by which 

genistein inhibits IL-6 mediated STAT3 signaling pathway in cancer 

cells ( Fig. 6 ). The IL-6/STAT3 pathway is initiated by binding of IL-6 

receptor to IL-6 molecule at site I interface which induces a con- 

formational change in IL-6 and increases its affinity towards the 

binding of GP130 at site III interface to form a functional hexamer. 

Binding of genistein at site I prevent the binding of IL-6 receptor 

and thereby receptor-induced conformational change in IL-6 is lost 

which is required for binding of GP130 (Fig. S4). As a result, the 

whole heterotrimeric complex could not be formed to initiate fur- 

ther downstream STAT3 phosphorylation and cascade of the signal 

pathway. 

Our results corroborate with the epidemiological studies where 

it has been shown that the genistein in soy-derived food helps 
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Fig. 6. Proposed mechanism for the inhibition of STAT3 pathway by genistein: (a) Shows the IL-6 mediated activation of STAT3 signaling and their subsequent downstream 

signaling pathway initiated by IL-6/IL-6R α/GP130 complex. (b) Shows the binding of genistein at the site-I interface between IL-6 and IL-6R α destabilize IL-6/IL-6R α/GP130 

complex formation leading to the inactivation of the IL-6 mediated STAT3 signaling pathway. 

in prognosis with a reduction in breast cancer recurrence [39 , 40] . 

Similarly, in the MCF-7 breast cancer cell line, it has been reported 

that genistein inhibits cell growth at 20 nM genistein concentra- 

tion [41] , although the underlying mechanism of dose-dependent 

differential action needs further investigation. Other studies re- 

ported in SK-OV-3 ovarian cancer and colon cancer also shown 

that genistein at 90 μM and 200 μmol/L concentration inhibit cell 

proliferation [42-44] . Together with other studies, our proposed 

mechanism demonstrates that the phytocompound genistein can 

be taken forward for further studies in the field of breast cancer 

therapeutics. 

5. Conclusion 

In conclusion, molecular docking, and MD simulation-based 

analyses showed that genistein inhibits the binding of IL-6 with 

IL-6R α to prevent the IL-6 mediated STAT3 dependent carcinogen- 

esis. Furthermore, cytotoxicity of genistein with low IC 50 (38 μM) 

at MDA-MB-453 metastatic breast cancer cell line indicates that 

this phytocompound can be considered as a potential therapeu- 

tic compound against cancer cell lines. Therefore, bioinformatics- 

guided cell culture assays on phytochemicals would increase the 

acceptance of phytotherapy as adjuvant therapy for breast cancer 

treatment. 
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