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ackground: Matrix metalloproteinase-2 (MMP2) plays a role in breaking down the components of the 

extracellular matrix, which allows cancer cells to advance and invade. Therefore, the inhibition of 

MMP2 shows potential as a promising strategy for treating cancer.  

Methods: This study employed computational screening to identify MMP2 inhibitors from a collection of 

2,405 natural compounds. GLXC-26716, the co-crystal ligand of MMP2, served as the positive control. Virtual 

screening was performed using PyRx 8.0 software to find molecules that might inhibit the active site of 

MMP2. 

Results: The virtual screening process has identified five potential candidates: ZINC000000001412, 

ZINC000001612328, ZINC000001614079, ZINC000000119988, and ZINC0000000047553. These candidates 

were selected based on their strong binding affinities and interactions with MMP2. These compounds, which 

adhere to Lipinski's Rule of Five and have significant physicochemical properties, show promise as MMP2 

inhibitors. 

Conclusion: The finding of this study indicates a preliminary investigation into an innovative approach for 

managing cancer that inhibits the invasion and dissemination of cancer cells. 
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Introduction 

Cancer is predominant contributor of disease burden 

and mortality worldwide [1]. Consequently, the 

previous two decades of biomedical research have 

provided a vast reservoir of knowledge about the 

molecular complexities inherent in carcinogenesis and 

the signaling pathways intricately involved in cancer 

growth. The molecular processes that orchestrate the 

complicated interplay between cancerous cells and the 

tumor microenvironment exhibit a critical role in this 

progression [2]. 

It has been shown that extracellular matrix (ECM) 

remodeling proteinases, particularly matrix 

metalloproteinases (MMPs), are key mediators of 

microenvironmental changes during cancer 

progression [2,3]. MMPs are zinc-dependent 

endopeptidases that aid wound healing, uterine 

involution, and organogenesis. They are also linked to 

inflammatory, vascular, auto-immune, and cancerous 

conditions [4,5]. MMPs' potential diagnostic and 

prognostic utility has been recognized across a wide 

range of cancer types and stages [6]. The correlation 

between cancer cells' basement membrane degradation 

and metastatic potential led to the development of 

MMPs as cancer therapeutic targets 25 years ago [7]. A 

growing number of MMP inhibitors have been 

developed and tested in clinical trials. 

MMP2 is an example of the distinct roles that 

individual members of the MMP family play in disease 

progression. Its significance stems from the 

comprehensive processing of a wide range of ECM and 

non-ECM substrates, necessitating a thorough 

examination of the implications at each stage of the 

metastatic cascade [7-9]. MMP2's extensive repertoire 

of substrates, both matrix and non-matrix, cleaves 

establishes its influential role in multiple steps of the 

metastatic cascade in breast cancer [10]. Furthermore, 

increased MMP2 expression emerges as an independent 

and ominous prognostic indicator for ovarian cancer 

patients, correlating with lower overall survival rates 

[11]. MMP2 overexpression has also been identified as a 

potential predictor of poor prognosis in gastric cancer 

patients [12]. Hence, targeting MMP2 as a therapeutic 

hold promise across a wide range of cancer types. The 

study employed in-silico structure-based virtual 

screening to identify natural MMP2 inhibitors to 

discover compounds capable of inhibiting MMP2, a 

pivotal enzyme implicated in cancer advancement. 

Methods 

Target protein preparation 

The 3D structure of MMP2 (PDB ID: 8H78) was acquired 

from the protein data bank. The heteroatoms, including 

the water molecules and four ligands (zinc ion, calcium 

ion, dihydrogen phosphate ion, and ligand L2U (GLXC-

26716)), were eliminated. The cleaned structure was 

then optimized using UCSF Chimera software in 

preparation for subsequent docking analysis. 

Natural compound library preparation 

A subset of 2,405 natural compounds that meet 

Lipinski's Rule of Five (Ro5) criteria have been 

retrieved from the ZINC database, which provides data 

in SDF (Structure-Data File) format. The geometries of 

these compounds were subsequently optimized by 

performing energy minimization using the Universal 

Force Field (UFF). After undergoing minimization, the 

compounds have been converted into PDBQT format 

using the PyRx software, enabling subsequent docking 

investigations and interaction analysis. 

Structure-based virtual screening 

Virtual screening (VS) is an important part of the drug 

design and discovery pipeline. It entails using 

molecular docking methodologies to evaluate a large 

number of potential ligands to determine which have 

the highest affinity for binding to the target protein. 

Compared to traditional experimental screening 

methods, this approach offers a significant advantage 

in terms of time and resource efficiency [13,14]. Top-

ranking compounds are then subjected to additional 

experimental testing, which aids in the identification of 

potential hits [15,16]. In this study, the prepared 

natural compound library was screened against the 

active pocket of MMP2 protein using the PyRx 8.0 

software [17].  

Results 

The prepared library of natural compounds was 

screened to identify compounds that interact with the 

binding pocket of the MMP2 protein. This screening 

resulted in the discovery of 231 compounds that have 

binding energies similar to or greater than the control 

compound, GLXC-26716. The binding poses of GLXC-

26716 were analyzed using Discovery Studio (DS), 

which led to the accurate determination of the binding 

pocket's coordinates at 26.172047 (X), 23.169750 (Y), 

and -9.087125 (Z). 

Analysis of interactions, both 2D and 3D, along with 

visual inspection of docked complexes through PyMol 

and DS, revealed the top 10 hits. These hits showed 

better binding to MMP2's active site residues compared 

to the control compound, which had a binding energy 

of -7.6 kcal/mol. The compounds listed in Table 1 

exhibit higher energy values and demonstrate effective 

H-bond interactions with the target protein. 

The top 10 hits identified during the screening 

exhibited not only higher binding affinity but also 

demonstrated compelling drug-like characteristics, 

rendering them suitable as potential drug molecules. 
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The key physicochemical properties of the five selected 

compounds were predicted, including Molecular 

Weight (Mol. Wt.), LogP (Mol.LogP), number of 

Hydrogen Acceptors (H.A.), Hydrogen Donors (H.D.), 

Rotatable Bonds, and Total Polar Surface Area (TPSA). 

These parameters are critical for assessing the 

compounds' drug-likeness and pharmacokinetic 

properties, which provide valuable information about 

their potential efficacy and safety as therapeutic 

agents. Table 2 presents the physicochemical 

characteristics, which are crucial in assessing the 

suitability of a substance as a treatment. 

Sr. 

No. 

Top hits Binding affinity (kcal/mol) 

1.  ZINC000000001412 -9.7 

2.  ZINC000001612328 -8.9 

3.  ZINC000001614079 -8.7 

4.  ZINC000000119988 -8.6 

5.  ZINC000000047553 -8.4 

6.  ZINC000001611274 -8.3 

7.  ZINC000001530575 -8.1 

8.  ZINC000001614080 -7.8 

9.  ZINC000001531846 -7.8 

10.  ZINC000001531885 -7.8 

11.  GLXC-26716 (Positive control) -7.6 

Table 1: List of top 10 hits and their respective binding energies. 

This study performs a comprehensive analysis of the 

interactions between the target protein's active site 

residues and the top five hits (ZINC000000001412, 

ZINC000001612328, ZINC000001614079, 

ZINC000000119988, and ZINC000000047553) (Figure 

1). 

 
Figure 1: 3D representation of the interaction of the screened 
top compound with the active pocket of MMP2. A) presents a 
surface view of the protein with the identified hits, B) highlights 
the ligands' surrounding surface indicating hydrogen bond 
donors and acceptors, and C) depicts MMP2 residues interacting 
with the selected ligands. 

Figure 1 illustrates that the five compounds selected 

via virtual screening, depicted in blue, as well as the 

positive control used in the study, depicted in red, 

exhibit binding in almost identical pockets. The 

interactions between the compounds and the active 

site of MMP2 show a significant overlap in their 

common residues, indicating their potential relevance 

and specificity. This similarity is comparable to that of 

the control. 

The 2D interaction analysis conducted using the DS 

visualizer for the five compounds and the control 

compound, as illustrated in Figure 2, demonstrates that 

most of these compounds have multiple interacting 

residues with the MMP2 active site. This resemblance 

implies that these compounds have the potential to 

accurately imitate the interaction between the control 

compound and MMP2.  

 
Figure 2: 2D interaction of the top 5 hits and control compound 
with the MMP2. 

The compound ZINC000000001412 had the best 

binding energy of -9.7 kcal/mol, indicating the highest 

binding affinity for the MMP2 protein. 

ZINC000001612328 had a value of -8.9 kcal/mol, while 

ZINC000001614079, ZINC000000119988, and 

ZINC000000047553 had values of -8.7 kcal/mol, -8.6 

kcal/mol, and -8.4 kcal/mol, respectively. These 

compounds had significant interactions with a number 

of key residues in MMP2's active site, including ALA86, 

ALA84, LEU83, LEU138, VAL118, ALA137, HIS121, 

GLU130, HIS131, LEU138, THR144, TYR143, PHE149, 

and HIS125. These interactions demonstrate how these 

compounds can effectively influence and regulate 

MMP2 activity. 

Discussion 

Cancer develops through a multifaceted process that 

includes mutation, proliferation, survival, invasion, 

and metastasis. Among the various characteristics of 

cancer, metastasis is regarded as the pivotal feature, 

accounting for the vast majority of cancer-related 

fatalities. MMPs, which are implicated in the metastatic 

process, represent a promising and novel therapeutic 

target in this context [18]. MMP2 can cleave various 

ECM components enzymatically. The degradation of 

the ECM is recognized as a critical factor in the 

progression, invasion, and metastasis of different 

cancers. Hence, inhibiting MMP2 is a potentially 

promising therapeutic strategy for cancer treatment 

[19].  
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This study used computational drug discovery 

methodology to evaluate the potential inhibitory 

effects of natural compounds on MMP2. 

The selection of natural compounds for this study 

was primarily based on their drug-like characteristics, 

following the application of Lipinski's rule of five as a 

filtering criterion. This guaranteed that the compounds 

examined were highly probable to possess properties 

that are appropriate for the development of 

pharmaceuticals. The strong affinity of the five chosen 

compounds to the key MMP2 residues through 

hydrogen bonding, Pi-alkyl interactions, and van der 

Waals forces underscores their potential as powerful 

inhibitors of MMP2. These interactions suggest that 

these compounds have the potential to effectively 

target MMP2, a crucial enzyme involved in the 

progression of cancer. 

The binding affinity is a crucial parameter 

determining the extent of interaction between ligand-

protein complexes, with a higher negative value 

indicating strong binding to its target protein [20-23]. 

Interestingly, the hit compounds (ZINC000000001412, 

ZINC000001612328, ZINC000001614079, 

ZINC000000119988, and ZINC0000000047553) 

exhibited strong binding affinity with MMP2 as 

compared to the control compound (GLXC-26716), 

indicating that these hits could be useful as MMP2 

inhibitors in cancer therapy. 

Contemporary cancer therapies and drugs frequently 

have negative side effects, making them unsuitable for 

long-term use. As a result, there is strong support in 

the medical community for investigating alternative 

pharmaceutical techniques, particularly those that use 

natural chemicals. Natural substances, particularly 

plant-derived phytochemicals, show promise in 

providing effective cancer treatment while minimizing 

side effects. Many phytochemicals have inherent 

bioactivity, making them excellent candidates for 

improving cancer treatment outcomes [24]. Extensive 

research has emphasized the importance of 

phytochemicals in cancer prevention and therapy, with 

epidemiological studies revealing a possible link 

between increased phytochemical diet and lower cancer 

incidence. Experimental research has given light on the 

processes behind the anticancer activities of  

 

 

 

 

 

 

 

 

 

 

phytochemicals, including their capacity to suppress 

cancer cell proliferation, induce apoptosis and 

autophagy, and suppress angiogenesis and cancer cell 

metastasis [25]. 

The identification and analysis of compounds that 

have a strong ability to bind to MMP2 and interact 

specifically with its active site residues offer promising 

prospects for the development of anticancer 

medications, given MMP2's role as a target in cancer 

therapies. Through their interaction with essential 

residues, these compounds possess the ability to 

effectively inhibit MMP2 activity, a pivotal factor in the 

progression of cancer. As this is a computational study, 

it is essential to conduct experimental validation 

to confirm the therapeutic potential of these 

compounds. This will enable the development of these 

compounds into effective cancer treatments. Therefore, 

the research emphasizes the importance of these 

compounds as potential candidates for creating new 

therapeutic approaches that specifically target MMP2 

in combating cancer. 
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