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Abstract: 

Introduction: Cervical cancer remains one of the leading causes of morbidity and mortality 

worldwide, including in Indonesia, involving metabolic reprogramming such as the Warburg 

effect in tumorigenesis. The proteins IGF2BP2 and MYCBP are known to play important roles in 

promoting cancer cell proliferation through the regulation of cellular metabolism. Objective: This 

study aimed to evaluate the potential of Indole-3-Carbinol derived from kale leaves (Brassica 

oleracea L) as a candidate anticancer agent for cervical cancer using an in silico approach. 

Method: Included molecular docking targeting IGF2BP2 and MYCBP proteins, with 5-

fluorouracil and doxorubicin as comparator drugs, along with ADMET and druglikeness analysis 

based on Lipinski’s rule. Result: The results showed that Indole-3-Carbinol exhibited binding 

energy (∆G) values of -3.20 kcal/mol for IGF2BP2 and -5.75 kcal/mol for MYCBP, with better 

binding affinity than 5-fluorouracil but lower than doxorubicin. Interaction analysis indicated 

stronger binding to IGF2BP2 compared to MYCBP, suggesting IGF2BP2 as the primary target 

protein. Furthermore, Indole-3-Carbinol fulfilled Lipinski’s criteria, demonstrated high 

gastrointestinal absorption, the ability to penetrate the blood-brain barrier, and a favorable toxicity 

profile without carcinogenic effects. Conclusion: Indole-3-Carbinol shows potential as a 

candidate cervical anticancer agent targeting the IGF2BP2 pathway and modulating the Warburg 

effect, with the advantage of being a relatively safe natural compound. 
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INTRODUCTION 

Cervical cancer is a malignant tumor that 

occurs in the epithelial layer of the cervix and 

ranks fourth among all malignancies 
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worldwide. The number of new cases is 

estimated to increase from 570,000 to 

700,000 annually between 2018 and 2030, 

with annual deaths rising from 311,000 to 

400,000 cases.1 In Indonesia, based on data 

from the Global Burden of Cancer Study 

2020, cervical cancer is the second most 

common cancer, with a total of 36,633 cases. 

It is also the third leading cause of cancer-

related deaths, with 21,003 fatalities.2 

High-risk human papillomavirus (HPV), 

particularly genotypes 16 and 18 that produce 

E6 and E7 oncoproteins, is the primary cause 

of cervical cancer. These viruses infect 

poorly differentiated squamous basal 

keratinocytes and trigger tumorigenesis. 

HPV infection alters tumor cell metabolism, 

leading to immunosuppression and immune 

evasion, thereby promoting oncogenic 

mutations. This process is characterized by 

increased expression of E6 and E7 proteins, 

which inactivate tumor suppressor proteins 

p53 and pRb, resulting in uncontrolled cell 

division. These oncoproteins also inhibit 

apoptosis, increase genomic instability, 

prevent telomere shortening, promote 

angiogenesis, and facilitate invasion and 

metastasis.3 Changes in metabolic phenotype 

are among the microenvironmental 

alterations following infection. The post-

HPV infection microenvironment actively 

regulates tumor cell metabolism, which is a 

key factor in HPV progression and cervical 

cancer development.4 

Metabolic reprogramming due to oncogenic 

mutations plays a crucial role in 

tumorigenesis across various cancers, 

including cervical cancer. The activity of 

glucose transporters and metabolic enzymes 

contributes to the Warburg effect, which 

supports increased glucose uptake and lactate 

production in the tumor microenvironment, 

thereby promoting cancer cell proliferation. 

The Warburg effect enhances glycolysis, 

leading to increased lactic acid production. 

Cancer cells rely heavily on aerobic 

glycolysis, enabling lactic acid formation 

from glucose at rates 10–100 times faster 

than complete mitochondrial oxidation under 

normal conditions.5 6 Additionally, cancer 

cells regulate mitochondrial pathways within 

the tumor microenvironment to enhance 

resistance to apoptosis and promote survival.7 

Proteins involved in this signaling pathway 

include Insulin-like Growth Factor 2 mRNA-

Binding Proteins (IGF2BPs) and MYCBP, 

which contribute to cancer progression by 

stabilizing methylated mRNA and promoting 

tumor cell proliferation. This study 

investigates the anticancer phytochemical 

effects of natural compounds in relation to 

cervical cancer pathogenesis through the 

IGF2BP2 and MYCBP pathways.8 9 

Indole-3-carbinol (I3C) is a natural 

compound found in vegetables of the 

Brassicaceae family. Numerous studies have 

demonstrated that I3C suppresses the 

proliferation of various cancer cells, 

including breast, colon, prostate, and 

endometrial cancers. For example, studies on 
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non-tumorigenic and tumorigenic breast 

epithelial cells (MCF10A and MCF10CA1a) 

show that I3C induces apoptosis in cancer 

cells while sparing normal cells. I3C and its 

derivative, diindolylmethane (DIM), are 

involved in phase I detoxification enzyme 

induction, which helps degrade carcinogens. 

Both in situ and in vivo studies have 

demonstrated the chemoprotective effects of 

I3C in breast and prostate cancers.10 

Due to limitations in current cervical cancer 

therapies, there is growing interest in 

targeting cellular signaling pathways. 

Therapies that focus on a single pathway are 

often insufficient; however, natural 

compounds such as Indole-3-Carbinol may 

act as multi-target agents by modulating 

various signaling pathways. Previous 

research has shown that Indole-3-Carbinol is 

effective in overcoming drug resistance and 

inhibiting metastatic tumor progression.11 

This study employs an in silico approach to 

analyze the molecular interactions between 

compounds derived from kale leaves 

(Brassica oleracea L.) and target proteins. 

Molecular docking was conducted to 

evaluate the binding interactions between 

Indole-3-Carbinol and the IGF2BP2 and 

MYCBP proteins. Kale-derived 

phytochemicals, particularly Indole-3-

Carbinol, are considered potential 

modulators of the Warburg effect with 

minimal side effects, as they specifically 

target cancer cells compared to conventional 

therapies such as chemotherapy and 

radiotherapy. Therefore, this study aims to 

analyze the anticancer potential of Indole-3-

Carbinol in cervical cancer by targeting 

metabolic pathways, particularly IGF2BP2 

and MYCBP signaling.. 

METHOD 

After identifying compounds in kale leaves 

(Brassica oleracea L.), an in silico analysis 

was conducted using molecular docking to 

evaluate interactions between ligands and 

proteins. The natural compound Indole-3-

Carbinol was used as a ligand and obtained 

from the PubChem database in a 3D structure 

format. The structure was downloaded in .sdf 

format and converted into .pdb format using 

OpenBabel software. Subsequently, the 

ligand was prepared for docking using 

AutoDockTools by converting the file into 

.pdbqt format.12 

Target proteins were selected from the 

UniProt database using the criteria “Homo 

sapiens,” namely IGF2BP2 and MYCBP. 

Protein structures were obtained from the 

RCSB-PDB database based on the 

corresponding IDs, 6ROL and 2YY0. The 

selection of these proteins was based on the 

availability of crystal structures with good 

resolution, year of publication, and absence 

of mutations. Protein 6ROL has a resolution 

of 2.10 Å (published in 2019), while 2YY0 

has a resolution of 2.40 Å (published in 

2008), and both were determined using X-ray 

crystallography.13 

Protein preparation was carried out using 

AutoDockTools by removing water 
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molecules and native ligands, followed by the 

addition of polar hydrogen atoms and partial 

charges before conversion into .pdbqt format. 

For proteins requiring structural modeling, a 

homology modeling approach was performed 

using SWISS-MODEL. Structure validation 

was conducted using a Ramachandran plot to 

ensure protein model quality.14 

Active site determination was performed 

based on the available protein structure and 

through a blind docking approach. The blind 

docking method allows the ligand to interact 

with the entire protein surface to identify 

potential binding sites. Through this 

approach, the amino acid residues involved in 

binding interactions can be predicted.15 16 

Molecular docking was performed using 

AutoDock Tools 4.0. Two-dimensional 

interaction visualization was conducted using 

LigPlot+, while three-dimensional 

visualization was performed using PyMOL 

and Discovery Studio 4.1.17 

Docking validation was performed by 

comparing the position of the docked ligand 

with the reference structure using the Root 

Mean Square Deviation (RMSD) parameter. 

The RMSD value was used to assess the 

agreement of the ligand binding position with 

the protein structure.18 

The structures of bioactive compounds were 

obtained from PubChem in .sdf format. For 

ADME and toxicity analysis, ADMETlab 2.0 

was used by inputting the SMILES data of the 

compounds. Compound evaluation was 

carried out based on ADME parameters, 

toxicity, and Lipinski’s Rule of Five to 

determine their suitability as drug 

candidates.19 

RESULTS 

The docking results consist of three types: 3D 

visualization, 2D visualization, and 

Admetox. In silico testing is conducted 

between a protein and ligands. The protein 

used is IGF2BP2 and MYCBP found in 

cervical cancer cells, which is docked with 

ligands from compounds found in kale 

leaves, specifically Indole-3-Carbinol. The 

comparison ligands used are drugs 

commonly  used  in  chemotherapy  for 

cervical cancer, namely 5-Fluorouracil and 

Doxorubicin.  

Table 1. Docking Results of IGF2BP2 protein 

Bioactive Compound Binding Energy Inhibition Constant 

Indole-3- Carbinol -3.30 4.50 

5-Fluorouracil -3.08 5.55 

Doxorubicin -6.14 31.45 

The ∆G (Gibbs Energy) values for Indole-3- 

Carbinol, 5-fluorouracil and Doxorubicin are 

-3.20, -3.08 and -6.14 kcal/mol, respectively. 

Meanwhile, the pKi values are 4.50, 5.55, 

31.45 respectively. From the above results, 

using molecular simulations, we found that 

Indole-3-Carbinol has a higher binding 

affinity compared to 5- fluorouracil. 

Table 2. Docking Results of MYCBP protein 

Bioactive Compound Binding Energy Inhibition Constant 

Indole-3- Carbinol -5.75 61.23 

5-Fluorouracil -4.45 549.10 

Doxorubicin -6.90 8.72 

The ∆G (Gibbs Energy) values for Indole-3- 

Carbinol, 5-fluorouracil and Doxorubicin are 

-5.75, -4.45 and -6.90 kcal/mol, respectively. 
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Meanwhile, the pKi values are 61.23, 549.10, 

and 8.72 respectively. From the above 

results, using molecular simulations, we 

found that Indole-3- Carbinol has a higher 

binding affinity compared to 5-fluorouracil. 

   
         (A)                  (B)                 (C) 

Figure 1. 2D Visualization of IGF2BP2 

protein, (A) Indole- 3-Carbinol, (B) 5-

Fluorouracil, (C) Doxorubicin 

2D visualization of Indole-3-Carbinol with 

the IGF2BP2 protein shows that there are 5 

bonds. From the 5-Fluorouracil ligand with 

the IGF2BP2 protein, it was found that there 

were 4 bonds. From the Doxorubicin ligand 

with the IGF2BP2 protein, it was found that 

there were 8 bonds. showed that indole-3- 

carbinol had stronger binding compared to 5-

fluorouracil. 

Table 3. Amino Acid Residue Q9Y6M1 

        Protein Bioactive 

Compound 

GLN 52 GLN 

569 

PRO 

482 

ARG 

573 

ARG 

576 

Q9Y6 M1 Indole-3- 

Carbinol 
✓ ✓    

 Total 1 1    

 

Table 4. Amino Acid Residue Q99417 

Protein Compound LEU 

86 

LYS 

89 

LEU 90 TYR 

93 

Q99417 Indole-3- 

Carbinol 

✓    

 Total 1    

The amino acid residue in the IGF2BP2 

(Q9Y6M1) protein has 2 amino acids, while 

the MYCBP (Q99417) protein has 1 amino 

acid. This shows that the Indole-3-Carbinol 

ligand has better adhesion to the 

IGF2BP2(QY6M1) protein 

 

   
       (A)                   (B)                  (C)  

Figure 2. 3D Visualization of IGF2BP2 

protein, (A) Indole- 3-Carbinol, (B) 5-

Fluorouracil, (C) Doxorubicin 

   
        (A)                   (B)                   (C) 

Bonds between proteins and ligands are 

found in protein gaps. The bond that occurs is 

a strong bond because based on the nature of 

proteins, there are many active binding sites 

between protein gaps. Active binding sites 

that bind one protein to another form a strong 

bond. 

Table 5. ADMETOX bioactive compounds by 

druglikeness 

Compound Molecular 

Weight 

(H) 

Bond 

Acceptor 

(H) 

Bond Donor 

LogP 

Indole-3- 147.07 10 2 1.39 
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Carbinol 

5-Fluorouracil 130.020        4         2 -

0.773 

Doxorubicin 543.52 12 6 2.012 

Based on Lipinski's 5 rules, it is stated that 

the molecular weight should not exceed 500 

g/mol, Hydrogen Bond Donors should not be 

more than 5, Hydrogen Bond Acceptors 

should not be more than 10, and the Log P 

value should not exceed 5. Therefore, 

according to Lipinski's 5 rules, the compound 

Indole-3-Carbinol has satisfied all these 

criteria. 

Table 6. ADMETOX bioactive compounds 

at Q9Y6M1 by Pharmacokinetics 

Compound GI BBB CYP1 

A2 

CYP2C1

9 

CYP2 C 

9 

CYP2 

D6 

CYP3 

A4        

Indole 3- 

Carbinol 

High ✓ ✓ X X X X 

       5- 

Fluorouracil 

High X X X X X X 

Doxorubicin Low X X X X X X 

Based on the inhibitor study of the drug- 

metabolizing enzyme CYP, based on 

Lipinski's rule that no more than 2 CYP 

inhibitors should be inhibited. This shows 

that the indole-3-carbinol compound does not 

violate these regulations and is still within 

safe limits.This means that the compound can 

be metabolized very well by the body. 

Additionally, it exhibits high absorption in 

the gastrointestinal tract and has the ability to 

penetrate the blood-brain barrier. 

Table 7. ADMETOX bioactive compounds 

by Toxicities 

Compound AMES Oral Carci Respi LC5 

0FM 

LC5 

0DM 

Lipi 

nski 

Indole 3- 

Carbinol  

-- + 

+ 

+ 

-- + 3.8

1 

5 

4.78 ✓ 

5- 

Fluorouracil

  

--- -- --- ++ 2.6

3 

0 

4.69 ✓ 

Doxorubicin

  

+++

  

-- +++

  

++ 4.9

7 

6

  

6.85 

9

  

X 

Based on toxicity tests, it was found that 

Indole-3-Carbinol is not harmful if ingested, 

indicating its potential as a  for oral drug 

formulations. Indole-3-Carbinol also does 

not induce carcinogenicity. Therefore, 

according to Lipinski's 5 rules, the compound 

Indole-3-Carbinol is considered acceptable. 

The molecular docking results indicate that 

Indole-3-Carbinol exhibits favorable binding 

affinity toward both IGF2BP2 and MYCBP 

proteins, with stronger interactions observed 

in IGF2BP2.21 This suggests that IGF2BP2 

may represent a more relevant molecular 

target than MYCBP in the context of cervical 

cancer. Mechanistically, IGF2BP2 functions 

as an RNA-binding protein involved in the 

stabilization of oncogenic transcripts, 

particularly through the regulation of N6-

methyladenosine (m6A) modification. This 

regulation contributes to increased cancer 

cell proliferation and metabolic 

reprogramming. In cervical cancer, this 

mechanism is associated with the Warburg 

effect, in which cancer cells preferentially 

rely on glycolysis even under aerobic 

conditions. Therefore, targeting IGF2BP2 

may potentially disrupt cancer cell 
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metabolism and growth.22 

The binding energy values further support 

these findings, where Indole-3-Carbinol 

demonstrates better affinity than 5-

Fluorouracil, although still lower than 

Doxorubicin. This indicates that while the 

compound shows promising molecular 

interactions, its activity has not yet surpassed 

that of clinically established 

chemotherapeutic agents.23 24 

From a drug-likeness perspective, Indole-3-

Carbinol satisfies all Lipinski’s Rule of Five 

criteria, suggesting favorable 

pharmacokinetic properties. This may 

indicate improved oral bioavailability and 

absorption potential compared to 

Doxorubicin, which does not meet several of 

these parameters. In line with this, ADMET 

analysis shows that Indole-3-Carbinol has 

high gastrointestinal absorption, an 

acceptable CYP inhibition profile, and lower 

predicted toxicity compared to standard 

drugs. However, these findings remain 

predictive and require further biological 

validation.25 

Overall, the in silico approach provides 

valuable insights into ligand–protein 

interactions, structural visualization, and 

pharmacokinetic as well as toxicity 

parameters, which can serve as a foundation 

for further studies. However, molecular 

docking has inherent limitations, as it 

provides only a static representation of 

ligand–protein interactions and does not 

account for protein flexibility, solvent 

effects, or the complexity of biological 

systems. In addition, ADMET predictions are 

computational estimates that may not fully 

reflect in vivo conditions, limiting the direct 

clinical applicability of these findings.26 

Furthermore, although Indole-3-Carbinol 

demonstrates better interaction than 5-

Fluorouracil, its binding affinity remains 

lower than that of Doxorubicin; therefore, it 

cannot yet be considered superior to existing 

therapies. Further in vitro and in vivo studies 

are required to validate its biological activity 

and therapeutic relevance.27 28 29 

CONCLUSION 

The compound Indole-3-Carbinol from kale 

leaves (Brassica oleracea L.) shows potential 

interactions with IGF2BP2 and MYCBP 

proteins associated with cervical cancer. In 

the in silico analysis, Indole-3-Carbinol 

fulfilled all five of Lipinski’s rules, indicating 

favorable drug-likeness properties. Based on 

ADME-Tox predictions compared to 

standard positive controls (5-Fluorouracil 

and Doxorubicin), Indole-3-Carbinol 

demonstrated better potential than 5-

Fluorouracil, although it was not superior to 

Doxorubicin. 

Overall, Indole-3-Carbinol shows 

preliminary in silico potential targeting 

IGF2BP2 signaling and the Warburg effect; 

however, these findings require further 

validation through in vitro and in vivo 

studies. 
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