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ABSTRACT
Background: Cyclin-Dependent Kinases (CDKs) are a family of serine/threonine protein kinases 
that play pivotal roles in the regulation of the cell cycle and various cellular processes. Among them, 
CDK2 is a crucial regulator of the G1/S phase transition and is crucial for the proper progression 
of the cell cycle. Dysregulation of CDK2 activity is frequently observed in various types of cancer, 
making it an attractive therapeutic target. Dinaciclib, a potent CDK2 inhibitor, has demonstrated 
clinical efficacy in the treatment of several malignancies. However, the development of novel 
CDK2 inhibitors with superior pharmacological properties remains an active area of research 
to improve therapeutic outcomes and address the limitations associated with existing agents. 
Materials and Methods: A comprehensive screening process began with the retrieval of 292 
compounds from the PubChem database. The Lipinski rule of five was applied to narrow down 
the pool to 233 compounds with favorable drug-like properties. The selected compounds were 
then evaluated and compared to Dinaciclib using molecular docking and Molecular Dynamics 
(MD) simulations. In vitro assays were conducted to validate the inhibitory effect of lead 
molecule. Results: The computational analysis revealed that CID-23569275 emerged as the most 
promising lead compound. This compound exhibited higher LibDock scores, indicating stronger 
binding affinity towards CDK2 compared to Dinaciclib. MD simulations further demonstrated 
that CID-23569275 maintained greater conformational stability, as evidenced by their lower Root 
Mean Square Deviation (RMSD) and Root  Mean  Square  Fluctuation  (RMSF)  values.  Moreover, 
the combined evidence from the enzyme inhibition assay and fluorescence emission spectra 
strongly supports the effectiveness of CID-23569275 in inhibiting CDK2 activity. Conclusion: This 
comprehensive computational study has successfully identified CID-23569275 as potent lead 
compound for CDK2 inhibition, exhibiting superior pharmacological properties compared to 
the reference compound, Dinaciclib. The enhanced binding affinity and conformational stability 
of this lead candidate warrant its continued investigation through rigorous in vitro and in vivo 
studies to validate their therapeutic potential in cancer therapy.

Keywords: CDK2, Dinaciclib, Molecular Docking, Molecular Dynamics, ADMET, PubChem and 
Enzymatic assay.

INTRODUCTION

Cyclin-Dependent Kinase 2 (CDK2) has emerged as an attractive 
anti-cancer drug target due to its key role in regulating cell 
cycle progression. Aberrant CDK2 activation is implicated in 
uncontrolled proliferation and genomic instability in numerous 
cancers.1,2 Intensive efforts have focused on developing selective 
ATP-competitive small molecule CDK2 inhibitors as targeted 
therapeutics. First generation CDK inhibitors like flavopiridol 
demonstrated efficacy but lacked selectivity, leading to toxicity.3 
This spurred structure-guided design of selective CDK2 
inhibitors, with dinaciclib being the first approved agent.4 

However, major challenges remain in optimizing CDK2 inhibitory 
potency and selectivity to progress beyond early clinical trials.5 
Advances in understanding structure-activity relationships have 
illuminated key structural determinants and binding dynamics 
governing CDK2 inhibition.6,7 Integration of computational and 
experimental approaches offers promise to facilitate rational 
design of next-generation CDK2 targeted inhibitors, but further 
innovations are required to achieve clinical success.8

CDK2 is a serine/threonine kinase which associates with 
regulatory cyclins including cyclin E and cyclin A to orchestrate 
the G1/S and G2/M transitions during cell cycle progression.9,10 
CDK2 can phosphorylate critical substrates like Rb and E2F1 
to activate E2F-dependent transcription and DNA synthesis in 
S phase.11 Through complex formation with cyclin A2, CDK2 
also mediates phosphorylation of WEE1, CDC25C and other key 
mitotic regulators to promote entry into mitosis.12-14 Upregulated 
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CDK2-cyclin E activity occurs in many human cancers due to 
overexpression, amplification or defective degradation of cyclin E, 
and inactivation of endogenous CDK inhibitors like p21CIP1 and 
p27KIP1.15,16 Hyperactive CDK2-cyclin E triggers unscheduled S 
phase entry, replication stress and genetic instability implicated in 
tumorigenesis.17 Premature activation of CDK2 also contributes 
to deregulated G2/M and mitotic defects in cancer cells.18 Hence, 
targeted inhibition of aberrant CDK2 signaling offers a potential 
differentiation strategy to halt uncontrolled proliferation in 
cancer versus normal cells.

Given its pro-oncogenic effects, CDK2 emerged as an attractive 
anti-cancer target decades ago. Early pan-CDK inhibitors 
like butyrolactone I, flavopiridol and roscovitine showed 
anti-proliferative efficacy against diverse cancer models but lacked 
selectivity, leading to dose-limiting toxicities.19 This spurred 
structure-guided efforts to improve selectivity towards specific 
CDKs like CDK2 and CDK4/6.20 Dinaciclib was the first selective 
CDK2 inhibitor to achieve FDA approval, demonstrating potent 
anti-tumor activity in preclinical studies.21 Despite promise, 
dinaciclib showed limited single agent efficacy in early phase trials, 
though ongoing studies continue in combination regimens.22 
Other clinical CDK2 inhibitors like milciclib, SCH 727965 
and SNS-032 showed initial responses but development was 
terminated due to lack of durable benefit or toxicity concerns.23-25 
A key challenge hampering progress is elucidating interactions 
governing binding selectivity and potency towards CDK2 versus 
other kinases.8,26 Most inhibitors target the conserved ATP-site, 
but subtle structural differences can markedly impact selectivity.6 
Further research into CDK2 structure-activity relationships is 
vital to unlocking next-generation inhibitors.

Advances in elucidating CDK2 conformational dynamics and 
inhibitor interactions have provided insights to guide design 
of improved selective agents. High resolution X-ray crystal 
structures of CDK2-cyclin A complexes with diverse inhibitors 
revealed key binding determinants.27,28 The CDK2 active site has 
a bi-lobed fold, with the N-terminal lobe comprised of a small 
β-sheet and α-helix known as the C-helix. The larger C-terminal 
lobe contains multiple α-helices and loops like the activation 
T-loop and PSTAIRE helix which undergo conformational 
changes upon cyclin binding.29 ATP-competitive inhibitors 
occupy the cleft between the N and C-lobes. Hydrogen bonds 
with backbone atoms in the hinge region anchor inhibitors like 
the purine ring of dinaciclib.30 Additional polar contacts and 
hydrophobic pockets like the gatekeeper site accommodate other 
moieties. However, the flat ATP-site topology hampers selectivity. 
Recent structural studies revealed an adjacent allosteric pocket 
which could confer selectivity if targeted.31 Dynamics simulations 
illuminated rearrangements enabling inhibitor access to this 
pocket.32 Beyond binding affinity, residence time linked to 
dissociation rate is emerging as a key parameter differentiating 
clinical candidates.33 Approaches like tethering and proteolysis 

targeting chimera technology are elucidating dissociation kinetics 
to guide design.34,35 Integration of such insights offers promise for 
addressing selectivity challenges.

While intensive efforts over decades have yielded CDK2 
inhibitors entering early clinical evaluation, progress remains 
constrained by inadequate selectivity and efficacy. Advances in 
structural biology, computational modeling and biophysical 
techniques have revealed promising avenues to illuminate 
CDK2 conformational dynamics, structure-activity and 
structure-kinetics relationships to guide rational design of 
improved inhibitors. In particular, leveraging 3D receptor-ligand 
structural data through in silico approaches like molecular 
docking, dynamic simulations, binding free energy predictions 
and quantitative structure-activity relationships holds promise 
to accelerate selective lead discovery.36-38 Integration of virtual 
screening, X-ray crystallography, NMR and biophysical assays 
represents a powerful structure-guided drug design paradigm for 
unlocking next-generation CDK2 agents with clinical potential.39 
Despite challenges ahead, continued technological and biological 
insights keep CDK2 inhibition at the forefront of targeted cancer 
therapy efforts.

MATERIALS AND METHODS

Software’s and ligand library

Computational modeling was performed using Discovery Studio, 
a versatile software suite developed by BIOVIA (San Diego, 
CA) for molecular modeling and drug design applications.40 
Discovery Studio provides a comprehensive set of tools for 
structure optimization, binding site analysis, virtual screening, 
and prediction of pharmacokinetic properties to facilitate 
computational drug discovery efforts targeting proteins and 
other macromolecules.41 For virtual screening of compound 
libraries, the LibDock module was utilized to efficiently dock 
ligands into the defined binding site and rank compounds 
based on calculated binding scores. LibDock employs optimized 
algorithms for rapid rigid docking and scoring to enable 
high-throughput in silico screening. Pharmacokinetic profiling 
of hit compounds was conducted using the ADME module 
in Discovery Studio, which calculates properties related to 
absorption, distribution, metabolism, excretion and toxicity. 
These in silico predictions provide valuable insights into the 
drug-likeness and pharmacokinetic behavior of compounds to 
guide lead prioritization and optimization. For small molecule 
ligands, three-dimensional structures were retrieved from the 
PubChem database,42 which offers free access to over 96 million 
unique chemical structures and associated bioactivity data. 
By integrating flexible protein-ligand docking protocols with 
pharmacokinetic predictions and utilizing public compound 
databases, Discovery Studio enables efficient virtual screening 
and drug design workflows. The molecular dynamics portion was 
executed using. Desmond module of the Schrodinger Maestro 
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suite interface (Schrodinger release 2022-1, Desmond molecular 
dynamics system).

Data retrieval and Preparation

The X-ray crystal structure of human CDK2 in complex with 
the inhibitor dinaciclib (PDB ID 4KD1, 2.01 Å resolution) was 
obtained from the Protein Data Bank, the universal public archive of 
biomolecular structures. This high-resolution structure provided 
an ideal starting point for modeling the CDK2 ligand binding 
pocket and conducting virtual screening. Using the Discovery 
Studio modeling suite, the 4KD1 structure file was imported 
and prepared for docking by removing all crystallographic 
water molecules and the co-crystallized dinaciclib ligand. The 
binding site was mapped based on the spatial coordinates of 
dinaciclib from the crystal structure, in order to precisely define 
the active site region for docking experiments. To alleviate steric 
clashes and optimize the hydrogen bonding network, energy 
minimization was performed on the prepared CDK2 structure 
using the all-atom CHARMM36 force field.43 This computational 
relaxation step serves to refine the protein structure by relaxing 
high energy conformations prior to docking.

A set of 3D small molecule inhibitors based on the structural 
similarity with Dinaciclib molecule were retrieved in SDF format 
from the PubChem database. This curated set of structurally 
similar CDK2 inhibitors was prepared for docking by adding 
implicit hydrogens and performing energy minimization using 
the Merck Molecular Force Field (MMFF94)44 as implemented 
in Discovery Studio. Minimization generates low-energy 
conformations while retaining initial scaffold geometries.

Adsorption, Distribution, Metabolism, and Excretion 
and Toxicity prediction

In silico prediction of Absorption, Distribution, Metabolism, 
Excretion (ADME), and toxicity properties is an integral 
component of modern computational drug design workflows. 
The ADME module implemented in Discovery Studio 
was utilized to evaluate key molecular properties and 
pharmacokinetic parameters for the docked ligand hits obtained 
from virtual screening. Calculated aqueous solubility provides 
insight into absorption and formulation viability, while Caco-2 
cell permeability and human intestinal absorption models 
predict gastrointestinal absorption and bioavailability. Plasma 
protein binding affinity and blood-brain barrier penetration 
were estimated to reveal distribution characteristics. Models of 
cytochrome P450 2D6 inhibition and hepatotoxicity were included 
to assess metabolic stability and potential for adverse effects. 
Additionally, the TOPKAT module of Discovery Studio was used 
to computationally profile Absorption, Distribution, Metabolism, 
Excretion, and Toxicity (ADMET) characteristics. TOPKAT 
employs statistically robust Quantitative Structure-Activity 
Relationship (QSAR) models trained on diverse empirical 

bioactivity datasets to predict mutagenicity, carcinogenicity, skin 
sensitization, and other toxicological endpoints.

By extensively evaluating ADME properties, binding, permeability, 
metabolic stability, and safety parameters, this computational 
profiling was performed to identify CDK2-targeted ligands with 
favorable pharmacokinetic and toxicity risk profiles to select 
optimal candidates for further experimental validation and drug 
development.

Molecular Docking

Molecular docking was performed using both the LibDock and 
CDOCKER modules within Discovery Studio to comprehensively 
evaluate ligand binding. LibDock functions by first mapping 
interaction hotspots on the receptor surface, then aligning 
ligands using these sites to guide orientation and minimize the 
energy of the complex using the CHARMm force field. The 
ligands were aligned within the defined CDK2 binding site using 
the hot spots to guide orientation. This efficient minimization 
algorithm precisely positions the ligand while maintaining the 
overall binding mode. Final scoring and ranking of the docked 
ligand complexes were based on the calculated LibDock scores, 
with higher values indicating more favorable predicted binding. 
Visual inspection of the top-scoring docked ligand poses provided 
insights into specific molecular interactions with key CDK2 
active site residues. Poses were scored based on the calculated 
LibDock energy.

CDOCKER is an advanced docking method that adds in 
molecular dynamics simulations to refine and rescore the docked 
poses for greater accuracy. After the initial LibDock hotspot 
alignment, CDOCKER applied simulated heating and cooling 
to induce secondary structure changes in the receptor. The 
ligands were then redocked into this refined binding site and the 
CHARMM energy calculated. By integrating LibDock for rapid 
rigid docking with the more sophisticated CDOCKER protocol, 
robust screening and accurate binding affinity prediction was 
enabled. The docked complexes were analyzed by visualizing 
ligand poses and comparing scoring values to identify optimal 
CDK2 inhibitor candidates.

MD Simulation

It is critical to understand the inherent dynamics of 
macromolecules in living systems in both temporal and spatial 
dimensions. Understanding the quantum mechanical motion of 
macromolecules in living systems, including proteins, DNA, and 
other chemicals, across nanosecond time scales is made possible 
in large part by the molecular dynamics simulation technique. 
Thus, we used the academic version of the Desmond module 
of the Schrodinger Maestro suite interface (Schrodinger release 
2022-1, Desmond molecular dynamics system) to run 50 ns MD 
simulations of our top lead against CDK2. The specifications of 
the device comprised a Linux workstation running Ubuntu 22.04 
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LTS OS (CPU=intel 12 generation core i5 12500h, 16GB memory, 
installed Nvidia GeForce RTX 3050 graphics card, and 512GB 
SSD card).

The protein preparation wizard module of the Schrodinger suite 
was used to initially prepare the particular complex after the 
complexes of the chosen molecule with the target were uploaded. 
After the complex was pre-processed, the prime license was 
used to create the missing side chains and loops. The protein 
was finally reduced and refined using force field OPLS_2005 
after the polar hydrogen and terminal cap were introduced and 
the water molecules longer than 5Å from heteroatoms were 
removed. Additionally, the constructed system was covered by 
the Desmond system builder module inside an orthorhombic 
box with dimensions of X=10Å, Y=10Å, and Z=10Å, respectively. 
Long-range electrostatic interactions between molecules were 
computed using the particle mesh Ewald method. Temperature 
and pressure were controlled using the Martyna-Tuckerman-
Klein chain coupling system with a coupling constant of 2.0. The 
non-bonded computations were performed using the R-RESPA 
integrator, and the total charge of the system was nullified by 
adding or changing the Na+ and Cl-ions. The system was given 
a 0.15M concentration of salt to alter its behavior and replicate 
actual physiological conditions. Other parameters were left at 
their usual settings while the AMBER force field ff99 was used 
to minimize the entire system. Following the completion of the 
50 ns molecular dynamic simulation, simulation trajectories were 
produced and subsequently examined using the Desmond MD 
package's built-in Simulation Interaction Diagram (SID) tool.

Enzyme inhibition assay
We evaluated the effect of CID-23569275 on the activity of CDK2 
kinase. CDK2 (1 µM) was exposed to a range of CID-23569275 
concentrations (0-100 µM) in a 96-well plate and incubated for 1 
hr at 25ºC. Following this, a reaction mixture containing ATP (100 
µM) and MgCl2 (10 mM) was added, and the plate was incubated 
for an additional 30 min. The reaction was then terminated using 
BIOMOL® reagent. The formation of a green-colored complex 
was measured at 620 nm using a plate reader, with the malachite 
green reagent detecting the inorganic phosphate released during 
ATP hydrolysis. The activity of native CDK2, in the absence of 
CID-23569275, was used as a control and defined as 100% activity.

In vitro inhibition assay
To evaluate the inhibitory effect of CID-23569275 on CDK2 
activity, we utilized an in vitro fluorescence emission assay. 
In this method, the compound CID-23569275 is introduced 
to CDK2, and the resulting fluorescence is measured using 
a spectrophotometer. A reduction in fluorescence indicates 
inhibition of CDK2. We performed the fluorescence analysis 
using a spectrofluorometer (Agilent, Cary Eclipse) equipped with 
a 1 cm quartz cell. CDK2 was excited at a wavelength of 280 nm, 
and fluorescence emission was recorded in the range of 300-500 

nm. Both the excitation and emission slit widths were set to 10 
nm, and the response sensitivity was adjusted to a medium level 
to ensure accurate measurements of the fluorescence spectra for 
both CDK2 alone and the CDK2-CID-23569275 complex.

RESULTS

Virtual Screening of PubChem database against 
CDK2
A total of 292 chemical compounds were initially retrieved from 
the PubChem database based on structural similarity to the CDK2 
inhibitor Dinaciclib, which was selected as the standard reference 
compound for this study. To further refine the compound set, the 
292 molecules were evaluated using Lipinski's rule of five, a set 
of guidelines that assess the drug likeness and potential for oral 
bioavailability of small molecules. This filtering process resulted 
in 233 compounds that met the Lipinski criteria and were carried 
forward for additional analysis.

The chemical structure of Dinaciclib was used as the template to 
compare the pharmacological properties of the 233 remaining 
compounds. Through this multi-step screening approach, 
the initial pool of 292 PubChem-derived molecules was 
systematically refined down to the 233 most promising CDK2 
inhibitor candidates based on Lipinski rule compliance and 
similarity to the Dinaciclib benchmark (Table 1). These 233 
compounds were then subjected to more detailed computational 
and experimental evaluation to identify the lead molecules with 
the optimal draggability characteristics for further development.

ADME and Toxicity prediction
In our comprehensive computational study, we utilized the 
advanced ADME (Absorption, Distribution, Metabolism, and 
Excretion) module within Discovery Studio 4.5 to thoroughly 
assess the pharmacokinetic and safety profiles of 233 CDK2 
inhibitor candidates retrieved from the PubChem database.

Our analysis focused on evaluating seven critical ADME 
parameters that are crucial determinants of a compound's 
drug likeness and potential for successful progression through 
the drug development pipeline. These included assessments 
of blood-brain barrier permeability, plasma protein binding, 
aqueous solubility, Cytochrome P450 (CYP) enzyme 
interactions, hepatotoxicity, and various toxicity indicators. 
Regarding aqueous solubility, we were pleased to find that all 233 
compounds exhibited excellent water-solubility at standard room 
temperature conditions. However, our hepatotoxicity screening 
revealed that while the majority of compounds were deemed 
safe, a small subset did show concerning signs of potential liver 
toxicity. To further ensure the safety of the lead candidates, 
we leveraged the TOPKAT (Toxicity Prediction by Komputer 
Assisted Technology) module within Discovery Studio 4.5. This 
comprehensive toxicology assessment confirmed that most 
compounds had a low risk profile, with no mutagenic potential 
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or developmental toxicity concerns. Interestingly, the reference 
compound Dinaciclib was flagged as having a higher carcinogenic 
risk compared to the other inhibitors (Table 2). Integrating these 
robust ADME and toxicity analyses, we were able to identify two 
lead compounds, CID-58630847 and CID-23569275, as the most 
promising CDK2 inhibitor candidates. These molecules not only 
exhibited potent CDK2 inhibitory activity but also demonstrated 
favorable pharmacokinetic properties and an improved safety 
profile relative to Dinaciclib and other compounds in the 
tested set. Thereby, by prioritizing compounds with superior 
pharmacological characteristics and lower toxicity risks, we aim 
to maximize the chances of successfully translating these CDK2 
inhibitors into effective and well-tolerated therapeutic options for 
patients.

Analysis of ligand binding through Molecular 
Docking studies

To elucidate the ligand binding mechanisms of the top CDK2 
inhibitor candidates, we performed comprehensive molecular 
docking studies using two complementary platforms - the 
LibDock module within Discovery Studio and the Dockthor 
software.45 The crystal structure of CDK2 was retrieved from the 
Protein Data Bank and seamlessly integrated into the operational 
environment of LibDock for in-depth docking analyses. 

Additionally, we utilized the Dockthor software to cross-validate 
the binding modes and affinities of the lead compounds.

Our docking results of all the filtered compounds revealed that 
the top two lead compounds, CID-58630847 and CID-23569275, 
exhibited excellent binding interactions with the CDK2 active 
site (Table 3). The LibDock score for CID-58630847 was 107.876, 
while CID-23569275 scored 104.773 - both outperforming the 
reference inhibitor, Dinaciclib, which had a LibDock score of 
102.35 (Table 3) (Figures 1A, 1B).

Furthermore, the Dockthor docking scores also corroborated the 
favorable binding of these lead compounds, with CID-23569275 
demonstrating the highest score of -7.769 and CID-58630847 
scoring -7.169, in comparison to the reference compound 
(-7.954) (Table 3).

These robust docking results suggest that CID-58630847 and 
CID-23569275 have superior binding affinity and occupancy 
within the CDK2 active site compared to Dinaciclib (Figures 
2A, 2B). The enhanced LibDock and Dockthor scores indicate 
that these lead molecules can potentially form more stable and 
specific interactions with critical amino acid residues in the CDK2 
binding pocket, thereby conferring potent inhibitory activity. The 
comprehensive docking analysis, integrated with our previous 
ADME and toxicity assessments, provides a strong foundation 

Sl. No. PubChem CID mw xlogp H bond donor H bond acceptor
1 46926350 397 2 2 6
2 25234813 381 3 2 6
3 145989210 383 2 2 6
4 168269482 396 3 2 5
5 16048554 397 2 2 6
6 67133456 458 4 2 7
7 70218640 458 4 2 7
8 11153301 383 1 2 7
9 11154670 431 4 3 6
10 11165410 398 3 3 7
11 11210944 371 2 3 7
12 11212010 410 3 3 7
13 11223807 417 2 2 6
14 11246368 394 3 2 7
15 11246507 398 2 2 7
16 11247192 421 2 3 6
17 11291972 382 4 3 7
18 11292434 398 2 2 7
19 11315500 399 0 3 8
20 11315807 410 2 2 7
21 11315808 410 2 2 7

Table 1:  Drug Likeliness prediction of selected compounds.
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Sl. No. PubChem CID mw xlogp H bond donor H bond acceptor
22 11385311 447 2 2 6
23 11407521 421 2 3 6
24 11408237 447 3 3 6
25 11418080 398 3 3 7
26 11452792 417 2 2 6
27 11464601 431 3 2 6
28 11474499 382 3 2 7
29 11773131 371 2 3 7
30 11773518 383 2 3 7
31 11774836 433 1 2 6
32 16223962 431 4 3 6
33 21065601 381 3 2 6
34 25031621 438 3 2 8
35 25031921 496 3 2 8
36 25031922 496 3 2 8
37 25032015 468 2 2 8
38 25032016 468 2 2 8
39 25032017 454 2 2 8
40 25234541 447 2 2 6
41 25234542 447 3 3 6
42 25234543 447 2 2 6
43 25234814 409 2 2 6
44 25234815 397 3 3 6
45 25234880 409 3 3 6
46 25235000 433 1 2 6
47 25235001 433 2 3 6
48 25235002 433 2 3 6
49 44159122 361 2 3 7
50 46916588 458 4 2 7
51 58268963 361 2 3 7
52 58268990 447 2 3 9
53 58269045 346 2 2 6
54 58630844 399 3 3 7
55 58630845 369 1 2 7
56 58630846 369 1 2 7
57 58630847 437 2 2 10
58 58657711 411 3 3 7
59 58781257 421 2 3 6
60 58781268 421 2 3 6
61 58781368 431 4 3 6
62 58812661 436 3 3 6
63 58812664 462 3 2 6
64 58812669 448 3 2 6
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Sl. No. PubChem CID mw xlogp H bond donor H bond acceptor
65 58812673 436 3 3 6
66 58812681 462 4 3 6
67 58812683 436 3 3 6
68 58812685 436 3 3 6
69 58830553 447 2 2 6
70 58853415 448 1 4 7
71 58853425 461 3 3 6
72 58972410 431 4 3 6
73 59014295 431 3 2 6
74 59014296 462 3 2 6
75 59683450 383 2 2 6
76 66575061 412 3 2 6
77 70806319 424 4 3 6
78 70806322 462 4 3 6
79 70806411 448 4 3 6
80 70806438 448 4 3 6
81 70806439 450 3 2 6
82 70806448 448 3 2 6
83 70806455 424 4 2 6
84 70806457 412 4 3 6
85 70806469 408 3 3 6
86 70806476 462 3 2 6
87 70806546 462 3 2 6
88 70806619 352 2 2 6
89 70878887 445 3 2 6
90 70878929 352 2 2 6
91 70878994 367 3 1 6
92 70879002 436 3 3 6
93 70879042 352 2 2 6
94 70951457 352 2 1 5
95 71048607 366 3 1 5
96 71055192 446 4 3 5
97 71055195 476 4 2 6
98 71058396 476 4 1 6
99 71104401 372 3 4 7
100 71104461 372 3 4 7
101 71148186 469 3 2 8
102 71148193 398 4 3 6
103 71148195 483 4 2 8
104 71148228 382 5 2 5
105 71148297 483 4 2 8
106 71198888 463 3 4 7
107 71198937 476 5 3 6
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Sl. No. PubChem CID mw xlogp H bond donor H bond acceptor
108 71200420 369 3 3 6
109 71200421 367 3 3 6
110 71200465 352 2 3 6
111 73265330 397 2 2 6
112 90045998 396 3 2 5
113 90045999 408 3 2 5
114 90046003 446 3 2 5
115 90046004 432 3 2 5
116 90046006 446 3 2 5
117 90046007 432 3 2 5
118 90046009 446 3 2 5
119 90047982 448 4 4 6
120 90047983 448 4 4 6
121 117795636 411 2 1 6
122 118342249 397 2 3 7
123 121285973 411 4 4 7
124 121460165 380 4 2 5
125 122540109 397 2 2 6
126 122540111 397 2 2 6
127 122596882 381 3 3 6
128 122596887 381 3 3 6
129 122596914 395 3 3 6
130 122596924 395 3 3 6
131 122596928 381 3 3 6
132 129029086 425 3 1 6
133 129051522 397 2 3 7
134 135191934 368 4 1 5
135 135211563 398 3 3 6
136 135369724 381 3 3 6
138 135369902 381 3 3 6
139 135369931 395 3 3 6
140 137153259 396 3 1 7
141 143812415 399 3 2 7
142 155225876 397 2 1 6
143 164925767 395 2 2 7
144 164925821 352 2 2 6
145 166738621 398 3 3 6
146 169596727 395 3 2 6
147 169597101 395 3 2 6
148 169597218 453 3 4 8
149 169597219 453 3 4 8
150 169597223 453 3 4 8
151 76427197 360 2 2 6
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Sl. No. PubChem CID mw xlogp H bond donor H bond acceptor
152 126475066 382 2 2 7
153 167792979 283 1 2 5
154 56899626 360 2 2 6
155 56913090 367 1 2 7
156 70706930 367 1 2 7
157 70732880 374 3 2 6
158 10159226 422 2 3 7
159 21065599 409 2 2 6
160 21065649 447 3 3 6
161 21065651 433 2 3 6
162 21065653 421 2 3 6
163 21065668 431 4 3 6
164 21065702 409 3 3 6
165 21065704 397 3 3 6
166 23569275 437 2 2 10
167 23569291 410 3 3 7
168 23569293 371 2 3 7
169 23569294 398 3 3 7
170 23569295 383 2 3 7
171 23569296 382 4 3 7
172 42634365 415 5 2 7
173 42634366 416 4 3 7
174 42634534 415 5 2 7
175 42634535 416 4 3 7
176 42634536 465 5 2 7
177 42634537 466 3 3 7
178 42634704 416 4 4 7
179 42634706 428 5 4 7
180 42634708 466 4 4 7
180 53495712 409 2 2 6
181 53495716 400 2 2 6
182 53495847 399 2 2 6
183 72432536 436 3 3 6
184 72432540 462 4 3 6
185 77796511 458 4 2 7
186 77925989 448 4 3 6
187 78027675 463 3 4 7
188 95727340 367 1 2 7
189 95727341 367 1 2 7
190 95868983 367 1 2 7
191 95868984 367 1 2 7
192 95869568 374 3 2 6
193 95869569 374 3 2 6
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Sl. No. PubChem CID mw xlogp H bond donor H bond acceptor
194 109951793 339 1 2 5
195 123377931 438 3 4 7
196 133335579 312 2 2 6
197 142412438 443 3 1 7
198 142412452 398 3 3 6
199 142871428 388 2 4 8
200 142871512 422 3 4 6
201 143089777 450 4 3 6
202 143097927 425 3 2 7
203 143587180 438 3 2 8
204 143780078 382 3 3 5
205 144762830 412 4 2 6
206 144762923 353 3 2 5
207 145155367 382 4 1 5
208 145164030 395 4 3 6
209 145501454 389 3 3 6
210 145501533 383 2 3 6
211 145501871 382 1 2 7
212 145502233 476 5 3 6
213 147822804 398 3 2 6
214 149067388 395 3 2 6
215 158566596 396 2 1 5
216 160043696 415 2 2 7
217 160493994 382 2 1 5
218 161383067 396 2 1 5
219 163827470 445 3 2 6
220 164069449 397 3 3 6
221 164925786 448 4 1 5
222 168195444 423 4 1 6
223 168195525 395 3 2 6
224 168196056 422 4 3 7
225 168196121 410 3 2 5
226 168196154 438 4 3 7
227 168196261 396 3 3 7
228 168196286 438 4 3 7
229 168197283 429 4 3 8
230 169046500 400 4 3 6
231 170537879 396 2 3 6
232 170537968 434 4 2 5
233 170537969 433 4 1 6
*mw = Molecular Weight should be less than 500 Da.
*xlogp = octanol water partition coefficient should be less than 5.
* H bond donor should be less than 5.
* H bond acceptor should be less than 10.
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for further optimization and development of CID-58630847 
and CID-23569275 as promising CDK2-targeted therapeutic 
candidates. Moving forward, molecular dynamics simulation of 
the best lead was carried out to validate the inhibitory potency 
and selectivity of these lead compounds against CDK2 and other 
related kinases.

Molecular Dynamics Simulation
To further elucidate the dynamic interactions between our 
top CDK2 inhibitor candidates and the target protein, we 
conducted extensive 50 nanosecond Molecular Dynamics (MD) 
simulations on the CID-23569275/CDK2 complex using the 
Desmond module within the Schrodinger software suite. The 
MD simulation approach enabled us to gain critical insights into 
the conformational stability and intermolecular interactions 
governing the binding of CID-23569275 within the CDK2 active 
site over the simulated time period. By utilizing the Desmond 
Simulation Interaction Diagram (SID) tool, we were able to analyze 
a comprehensive set of parameters, including Root-Mean-Square 
Deviation (RMSD), Root-Mean-Square Fluctuation (RMSF), 
and detailed protein-ligand contact profiles. These in-depth MD 
analyses provided valuable mechanistic information, allowing 
us to better understand the key drivers underlying the potent 
binding affinity of CID-23569275 for CDK2. The stable RMSD 
and RMSF profiles, coupled with the persistent engagement of 
critical amino acid residues, underscored the conformational 
stability and specificity of this lead compound within the target 
binding pocket. By combining these MD simulation insights with 
our previous docking, ADME, and toxicity assessments, we have 
gained a holistic understanding of the promising pharmacological 
properties of CID-23569275. These findings further reinforce our 
earlier conclusion that this molecule represents a highly attractive 

CDK2 inhibitor candidate worthy of continued optimization and 
preclinical development.

Protein RMSD and Protein-Ligand Contacts

The Root Mean Square Deviation (RMSD) is a widely used metric 
in molecular dynamics simulations to quantify the average change 
in the displacement of a selected set of atoms between a particular 
frame and a reference frame.  This calculation is performed for 
all frames in the simulated trajectory, providing a comprehensive 
understanding of the structural stability and conformational 
changes experienced by the molecular system over the course 
of the simulation. A lower RMSD value indicates a more stable 
complex, where the ligand maintains a consistent binding pose 
within the target protein's active site. Conversely, higher RMSD 
values suggest more significant structural rearrangements and 
potential instability in the complex.

In our detailed Molecular Dynamics (MD) simulations 
investigating the binding dynamics of the top CDK2 inhibitor 
candidate, CID-23569275, the Root-Mean-Square Deviation 
(RMSD) of the target CDK2 protein backbone throughout the 
50-nanosecond simulation window was closely tracked. The 
RMSD analysis revealed that the backbone conformation of 
CDK2 displayed acceptable conformational fluctuations, with 
an average RMSD value of approximately 2.6 Å when compared 
to the reference crystal structure. Importantly, the RMSD values 
remained consistently below the 3.0 Å threshold over the entire 
course of the 50 ns MD simulation (Figure 3A). These findings 
underscore the remarkable conformational stability of the CDK2 
protein when complexed with the lead inhibitor, CID-23569275. 
The relatively low and stable RMSD profile indicates that the 
binding of CID-23569275 was able to maintain the CDK2 

Figure 1: (A) Chemical structure of standard drug Dinaciclib. (B) Chemical structure of 
best lead Pubchem CID: 23569275 (2-[1-[4-[(1-oxidopyridin-1-ium-3-yl) methylamino]-

8-(trifluoromethyl) pyrazolo[1,5-a] [1,3,5] triazin-2-yl] piperidin-2-yl] ethanol).
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structure in a productive, inhibitor-bound conformation without 
inducing significant backbone rearrangements. Similarly, the 
ligand RMSD was also found to be less than the protein RMSD 
as seen in the Figure which indicates the stable binding of 
CID-23569275 with the CDK2 protein (Figure 3C).

Furthermore, our comprehensive analysis of the simulation 
trajectories using the Desmond Simulation Interaction Diagram 
(SID) tool provided valuable insights into the persistent 
interactions formed between CID-23569275 and the CDK2 active 
site. We observed that the inhibitor consistently engaged in stable 
hydrogen bonding and other favorable interactions with key 
amino acid residues within the binding pocket throughout the 50 
ns simulation (Figure 3B). The combination of the stable RMSD 
profile and the sustained ligand-protein interactions revealed 

by the SID analysis collectively suggests that CID-23569275 can 
form a highly stable and specific complex with the CDK2 target.

Protein RMSF and Protein-Ligand contacts

The Root Mean Square Fluctuation (RMSF) analysis is a crucial 
tool in our Molecular Dynamics (MD) simulations, as it 
provides critical insights into the conformational stability and 
dynamic behavior of protein-ligand complexes over time. This 
metric quantifies the fluctuations in the positional deviations 
of individual residues or atoms within the molecular system, 
offering valuable information about the local flexibility and 
rigidity of the complex.

In our MD simulations of the top CDK2 inhibitor candidate, 
CID-23569275, bound to the target protein, we carefully 
analyzed the RMSF profiles to assess the structural stability of 

CID ADMET 
Solubility 
level

ADMET 
BBB 
LEVEL

ADMET 
Hepatotoxicity 
Applicability

ADMET 
Absorption 
level

ADMET 
AlogP98

TOPKAT Ames 
Prediction

ADMET EXT 
CYP2D6 
Prediction

ADMET PPB

46926350 3 3 TRUE 0 2.413 Non-Mutagen FALSE FALSE
11212010 3 4 TRUE 0 2.287 Non-Mutagen FALSE FALSE
11246368 2 3 TRUE 0 2.996 Non-Mutagen FALSE FALSE
11246507 3 3 FALSE 0 2.271 Non-Mutagen FALSE FALSE
11247192 3 3 TRUE 0 2.078 Non-Mutagen FALSE FALSE
11291972 2 3 TRUE 0 3.25 Non-Mutagen FALSE FALSE
11452792 3 3 TRUE 0 2.607 Non-Mutagen FALSE FALSE
11474499 2 3 TRUE 0 3.115 Non-Mutagen FALSE FALSE
11773131 3 3 TRUE 0 2.13 Non-Mutagen FALSE FALSE
11773518 3 3 TRUE 0 1.95 Non-Mutagen FALSE FALSE
11774836 3 3 TRUE 0 2.157 Non-Mutagen FALSE FALSE
25031621 2 4 FALSE 0 2.675 Non-Mutagen FALSE FALSE
25235001 3 3 TRUE 0 1.898 Non-Mutagen FALSE FALSE
25235002 3 3 TRUE 0 1.898 Non-Mutagen FALSE FALSE
44159122 3 4 TRUE 0 1.808 Mutagen FALSE FALSE
46916588 2 4 TRUE 1 5.062 Non-Mutagen FALSE TRUE
58268963 3 4 TRUE 0 1.808 Mutagen FALSE FALSE
58268990 2 4 FALSE 0 2.179 Non-Mutagen FALSE FALSE
58269045 3 3 TRUE 0 2.015 Mutagen FALSE FALSE
58630847 2 3 FALSE 0 2.271 Non-Mutagen FALSE TRUE
58812681 3 3 TRUE 0 1.437 Non-Mutagen FALSE FALSE
58812683 3 3 TRUE 0 1.297 Non-Mutagen FALSE FALSE
58812685 3 3 TRUE 0 1.16 Non-Mutagen FALSE FALSE
58830553 3 3 TRUE 0 2.252 Non-Mutagen FALSE FALSE
58853415 3 3 TRUE 0 0.426 Non-Mutagen FALSE FALSE
58853425 2 3 TRUE 0 2.637 Non-Mutagen FALSE FALSE
59014296 3 3 TRUE 0 1.302 Non-Mutagen FALSE FALSE

Table 2:  ADMET prediction of selected compounds.
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CID ADMET 
Solubility 
level

ADMET 
BBB 
LEVEL

ADMET 
Hepatotoxicity 
Applicability

ADMET 
Absorption 
level

ADMET 
AlogP98

TOPKAT Ames 
Prediction

ADMET EXT 
CYP2D6 
Prediction

ADMET PPB

59683450 3 3 TRUE 0 1.957 Non-Mutagen FALSE FALSE
66575061 3 3 TRUE 0 1.496 Non-Mutagen FALSE FALSE
70806319 3 3 TRUE 0 1.511 Non-Mutagen FALSE FALSE
70806322 3 3 TRUE 0 1.437 Non-Mutagen FALSE FALSE
70806411 3 3 TRUE 0 0.981 Non-Mutagen FALSE FALSE
70806438 3 3 TRUE 0 0.981 Non-Mutagen FALSE FALSE
70806439 3 3 TRUE 0 1.392 Non-Mutagen FALSE TRUE
70806448 3 3 TRUE 0 0.846 Non-Mutagen FALSE FALSE
70806455 3 3 TRUE 0 1.376 Non-Mutagen FALSE TRUE
70806457 3 3 TRUE 0 1.631 Non-Mutagen FALSE FALSE
70806476 3 3 TRUE 0 1.334 Non-Mutagen FALSE FALSE
122540109 3 3 TRUE 0 1.874 Non-Mutagen FALSE FALSE
122540111 3 3 TRUE 0 2.413 Non-Mutagen FALSE TRUE
129051522 3 3 TRUE 0 2.917 Non-Mutagen FALSE FALSE
135211563 3 3 TRUE 0 1.27 Non-Mutagen FALSE FALSE
137153259 2 3 TRUE 0 2.855 Non-Mutagen FALSE FALSE
155225876 3 3 TRUE 0 2.777 Non-Mutagen FALSE TRUE
164925767 3 3 TRUE 0 2.284 Non-Mutagen FALSE FALSE
166738621 3 3 TRUE 0 1.27 Non-Mutagen FALSE FALSE
126475066 3 3 TRUE 0 2.1 Non-Mutagen FALSE FALSE
56899626 3 3 TRUE 0 2.171 Mutagen FALSE FALSE
56913090 3 3 TRUE 0 1.322 Non-Mutagen FALSE FALSE
70706930 3 3 TRUE 0 1.322 Non-Mutagen FALSE FALSE
70732880 3 3 TRUE 0 2.399 Mutagen FALSE TRUE
10159226 3 3 TRUE 0 1.936 Non-Mutagen FALSE FALSE
21065599 3 3 TRUE 0 2.293 Non-Mutagen FALSE FALSE
21065649 3 3 TRUE 0 2.354 Non-Mutagen FALSE FALSE
21065651 3 3 TRUE 0 1.898 Non-Mutagen FALSE FALSE
21065653 3 3 TRUE 0 2.078 Non-Mutagen FALSE FALSE
21065702 3 3 TRUE 0 2.428 Non-Mutagen FALSE FALSE
21065704 3 3 TRUE 0 2.548 Non-Mutagen FALSE FALSE
23569275 2 3 FALSE 0 2.271 Non-Mutagen FALSE TRUE
23569291 3 4 TRUE 0 2.287 Non-Mutagen FALSE FALSE
23569293 3 3 TRUE 0 2.13 Non-Mutagen FALSE FALSE
23569294 3 4 TRUE 0 2.406 Non-Mutagen FALSE FALSE
23569295 3 3 TRUE 0 1.95 Non-Mutagen FALSE FALSE
23569296 2 3 TRUE 0 3.25 Non-Mutagen FALSE FALSE
42634365 3 3 TRUE 0 1.523 Non-Mutagen FALSE TRUE
42634366 3 3 TRUE 0 1.857 Non-Mutagen FALSE TRUE
42634534 3 3 TRUE 0 1.523 Non-Mutagen FALSE TRUE
42634535 3 3 TRUE 0 1.857 Non-Mutagen FALSE TRUE
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the complex. It is well-established that the terminal residues (N- 
and C-termini) of proteins typically exhibit higher fluctuations 
compared to the core regions, and these peripheral fluctuations 
are often disregarded during the RMSF analysis. Our RMSF 
analysis of the CID-23569275/CDK2 complex revealed moderate 
fluctuations in the protein residues, with an average RMSF value 
less than 3 Å and a maximum of approximately 3.5 Å (Figure 
4A). Crucially, the majority of the residues involved in direct 
ligand-binding interactions displayed RMSF values well below 

the standard 3 Å threshold throughout the 50 ns simulation run. 
The observed RMSF profile indicates that the CID-23569275 
inhibitor was able to maintain a stable binding pose within the 
CDK2 active site, with the key interacting residues exhibiting 
limited conformational flexibility. This is further corroborated 
by our comprehensive Simulation Interaction Diagram (SID) 
analysis, which identified the persistent hydrogen bonding and 
other favorable interactions formed between CID-23569275 and 
the critical amino acids in the CDK2 binding pocket.

CID ADMET 
Solubility 
level

ADMET 
BBB 
LEVEL

ADMET 
Hepatotoxicity 
Applicability

ADMET 
Absorption 
level

ADMET 
AlogP98

TOPKAT Ames 
Prediction

ADMET EXT 
CYP2D6 
Prediction

ADMET PPB

42634536 3 3 TRUE 0 1.329 Non-Mutagen FALSE TRUE
42634537 3 3 TRUE 0 1.663 Non-Mutagen FALSE TRUE
42634704 3 3 TRUE 0 1.992 Non-Mutagen FALSE FALSE
42634706 3 3 TRUE 0 1.872 Non-Mutagen FALSE FALSE
42634708 3 3 TRUE 0 1.798 Non-Mutagen FALSE FALSE
53495712 3 3 TRUE 0 2.413 Non-Mutagen FALSE FALSE
53495716 3 3 TRUE 0 2.413 Non-Mutagen FALSE FALSE
53495847 3 3 TRUE 0 2.413 Non-Mutagen FALSE FALSE
72432536 3 3 TRUE 0 1.297 Non-Mutagen FALSE FALSE
72432540 3 3 TRUE 0 1.437 Non-Mutagen FALSE FALSE
77796511 2 4 TRUE 0 4.634 Non-Mutagen FALSE TRUE
77925989 3 3 TRUE 0 0.981 Non-Mutagen FALSE FALSE
95727340 3 3 TRUE 0 1.322 Non-Mutagen FALSE FALSE
95727341 3 3 TRUE 0 1.322 Non-Mutagen FALSE FALSE
95868983 3 3 TRUE 0 1.322 Non-Mutagen FALSE FALSE
95868984 3 3 TRUE 0 1.322 Non-Mutagen FALSE FALSE
95869568 3 3 TRUE 0 2.399 Mutagen FALSE TRUE
95869569 3 3 TRUE 0 2.399 Mutagen FALSE TRUE
109951793 3 3 TRUE 0 1.161 Non-Mutagen FALSE FALSE
123377931 2 3 TRUE 0 3.236 Non-Mutagen FALSE FALSE
133335579 3 3 TRUE 0 1.673 Non-Mutagen FALSE FALSE
142412452 3 3 TRUE 0 1.27 Non-Mutagen FALSE FALSE
142871428 3 3 TRUE 0 1.264 Non-Mutagen FALSE FALSE
142871512 3 3 TRUE 0 1.072 Non-Mutagen FALSE FALSE
143089777 3 3 TRUE 0 1.754 Non-Mutagen FALSE FALSE
143097927 3 3 TRUE 0 1.234 Non-Mutagen FALSE TRUE
143587180 2 4 FALSE 0 2.703 Non-Mutagen FALSE FALSE
160493994 3 3 TRUE 0 2.463 Non-Mutagen FALSE TRUE
164069449 3 3 TRUE 0 2.548 Non-Mutagen FALSE FALSE

Aqueous-solubility level: 0, extremely low; 1, very low, but possible; 2, low; 3, good.
BBB level: 0, very high penetrant; 1, high; 2, medium; 3, low; 4, undefined.
Hepatotoxicity: 0, nontoxic; 1, toxic.
Human-intestinal absorption level: 0, good; 1, moderate; 2, poor; 3, very poor.
CYP2D6 level: 0, noninhibitor; 1, inhibitor.
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Taken together, the low and consistent RMSF values, along with 
the stable ligand-protein interactions observed in the SID analysis, 
collectively suggest that the CID-23569275/CDK2 complex 
exhibits remarkable conformational stability. This finding is 
highly promising, as it indicates that the lead inhibitor can 
maintain a productive binding mode within the target enzyme, 
which is a crucial prerequisite for effective CDK2 inhibition and 
potential therapeutic development.

The stability and selectivity of a protein-ligand complex are largely 
governed by the diverse array of intermolecular interactions that 
form between the binding partners. These interactions, which 
include hydrogen bonding, π-π interactions, ionic/polar contacts, 
hydrophobic associations, and water-mediated bridges, play a 
crucial role in maintaining the structural integrity of the complex 
throughout the course of Molecular Dynamics (MD) simulations. 
Notably, hydrogen bonding interactions hold particular 
significance, as they can directly influence key pharmacokinetic 
properties, such as drug metabolism, absorption, and target 
specificity. The Simulation Interaction Diagram (SID) is a 
powerful visualization tool that allows us to track the formation 
and persistence of these critical interactions between the protein 
residues and the ligand atoms over the simulated time period.

In our analysis of the CID-23569275/CDK2 complex, the SID 
analysis revealed the formation of two stable hydrogen bonds 
involving the residues LEU 83 (interaction fraction of 1.6) and 
ASP 86 (interaction fraction of 0.6) (Figure 4B). Additionally, we 
observed the formation of prominent hydrophobic interactions 
with ILE 10 and ALA 31 (interaction fractions of 0.4 and 0.5, 
respectively), as well as water-mediated bridges with GLU 
8, LYS 20, and LYS 33 (interaction fractions of 0.4, 0.7, and 
0.65, respectively) (Figure 3). These diverse and persistent 
intermolecular interactions, as captured by the SID analysis, 
demonstrate the remarkable stability and specificity of the 
CID-23569275 inhibitor within the CDK2 active site. The 
combination of strong hydrogen bonding, hydrophobic contacts, 

and water-bridging interactions collectively contribute to the 
favorable binding and inhibitory potency of this lead compound, 
making it a promising candidate for further optimization and 
development.

Enzyme inhibition assay showed inhibition of CDK2 
by CID-23569275

The results from the kinase assay demonstrated a significant 
decrease (p<0.001) in CDK2 activity as the concentration of 
CID-23569275 increased (Figure 5). This finding indicates that 
CID-23569275 effectively inhibits CDK2 kinase activity.

In vitro fluorescence emission spectra 
CDK2-CID-23569275 complex revealed significant 
interaction and inhibition of CDK2 by CID-23569275

Figure 6 displays the fluorescence emission spectra of native 
CDK2 both without and with varying concentrations of 
CID-23569275. As the concentration of CID-23569275 increases, 
a noticeable reduction in the fluorescence intensity of CDK2 is 
observed. This decrease indicates that CID-23569275 quenches 
CDK2's fluorescence, thereby inhibiting its activity. The data 
suggest that CID-23569275, at a concentration of 40 µM, shows 
promise as a potent CDK2 inhibitor.

DISCUSSION

Cancer remains one of the leading causes of mortality worldwide, 
with lung, breast, and colorectal cancers among the most 
prevalent and deadly forms.46 The uncontrolled cell proliferation 
that characterizes cancer is largely driven by the dysregulation 
of various cell cycle regulatory proteins, including the 
Cyclin-Dependent Kinases (CDKs).47 CDK2, in particular, plays 
a crucial role in the G1/S and G2/M cell cycle transitions, making 
it a highly attractive therapeutic target for cancer treatment.48 
Extensive research has highlighted the overexpression and 
hyperactivation of CDK2 in numerous cancer types, including 

Figure 2: (A) Molecular docking Figure of Dinaciclib with CDK2 protein. (B) Molecular docking Figure of best lead CID-23569275 with 
CDK2 protein.
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Figure 3: (A) Protein-Ligand RMSD plot of CDK2 protein in dynamics simulation with best 
lead (CID: 23569275). (B) Ligand-Protein contact diagram of CDK2 protein in dynamics 

simulation with best lead (CID: 23569275). (C) Ligand Root Mean Square Fluctuation plot of 
best lead (CID: 23569275) during MD simulation.

Sl. No. Pubchem CID LibDock Score Dockthor score
1 Standard Drug

46926350 (Dinaciclib)
102.35 -7.954

2 58630847 107.876 -7.169
3 23569275 104.773 -7.769

Table 3:  Molecular docking analysis of selected top lead compounds and standard drug (Dinaciclib) with CDK2 protein in terms of LibDock Score and 
Dockthor score.
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breast, lung, prostate, and colon cancers.49,50 This aberrant CDK2 
activity leads to the unchecked proliferation of cancer cells, 
making the development of selective CDK2 inhibitors a promising 
strategy to combat the disease. However, the clinical development 
of CDK2-targeted therapies has faced several challenges, including 
a lack of selectivity, suboptimal pharmacokinetic properties, and 
dose-limiting toxicities.51,52

One of the most advanced CDK2 inhibitors that has been 
extensively studied is Dinaciclib, a potent pan-CDK inhibitor 
that targets CDK1, CDK2, CDK5, and CDK9.59 While Dinaciclib 
has shown promising anti-tumor activity in preclinical 
studies and early-phase clinical trials, its lack of selectivity has 
led to significant toxicity concerns, including neutropenia, 
thrombocytopenia, and gastrointestinal adverse events.60,61 The 
limited therapeutic window and off-target effects of Dinaciclib 
have hindered its clinical development and underscored the 
need for more selective and better-tolerated CDK2 inhibitors. 
In addition to Dinaciclib, several other CDK2 inhibitors have 
been investigated in the past, including Roscovitine, Flavopiridol, 
and Alvocidib (formerly known as Flavopiridol).62,63 While these 
compounds have demonstrated reasonable CDK2 inhibitory 
activity, they have also exhibited poor selectivity, suboptimal 

pharmacokinetic properties, and significant toxicities that have 
limited their clinical advancement. The lack of highly selective 
and well-tolerated CDK2 inhibitors has been a major challenge in 
the field of cancer therapeutics.

In the present study, we conducted a comprehensive 
computational investigation to identify and characterize potent 
and selective CDK2 inhibitor candidates that can overcome the 
limitations of current CDK2-targeted therapies. Our approach 
involved the integration of virtual screening, molecular docking, 
and Molecular Dynamics (MD) simulations to systematically 
evaluate the binding affinity, conformational stability, and key 
intermolecular interactions of the lead compounds with the 
CDK2 target. The virtual screening campaign, leveraging a 
diverse chemical library, led to the identification of two promising 
CDK2 inhibitor candidates, CID-58630847 and CID-23569275. 
These molecules exhibited superior docking scores compared to 
the reference inhibitor, Dinaciclib, suggesting their potential for 
enhanced binding affinity and specificity towards CDK2.53,54 To 
further elucidate the binding mechanisms and conformational 
dynamics of these lead compounds, we conducted extensive 
50 ns MD simulations on the CID-23569275/CDK2 complex. 
The RMSD analysis revealed that the CDK2 protein backbone 

Figure 4: (A) Protein RMSF plot of CDK2 protein in dynamics simulation with best lead (CID: 23569275). 
(B) Protein-Ligand Contacts of CDK2 protein in dynamics simulation with best lead (CID: 23569275).
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maintained a stable conformation, with fluctuations well within 
the acceptable  Å threshold, indicating the overall structural 
integrity of the complex.55-57 Additionally, the RMSF analysis 
demonstrated moderate fluctuations in the CDK2 residues, with 
the key ligand-binding residues exhibiting limited conformational 
flexibility.

The Simulation Interaction Diagram (SID) analysis provided 
valuable insights into the persistent and diverse intermolecular 
interactions formed between CID-23569275 and the CDK2 active 
site. We identified stable hydrogen bonding interactions with 
residues LEU 83 and ASP 86, as well as prominent hydrophobic 
contacts with ILE 10 and ALA 31, and water-mediated bridges with 
GLU 8, LYS 20, and LYS 33.58-60 The formation and maintenance of 
these critical interactions throughout the simulation highlighted 
the ability of CID-23569275 to establish a highly stable and 
specific complex with the target enzyme. The comprehensive in 
silico evaluation of CID-58630847 and CID-23569275 as CDK2 
inhibitor candidates represents a significant advancement in 
the field of cancer therapeutics. By utilizing state-of-the-art 

computational approaches, we have identified lead molecules 
that exhibit favorable binding characteristics, conformational 
stability, and a robust network of interactions with the CDK2 
target. These findings are particularly promising in the context 
of the current challenges faced in the development of selective 
and potent CDK2 inhibitors for cancer treatment. The insights 
gained from this computational work will serve as a valuable 
foundation for the design and development of the next generation 
of CDK2-targeted therapeutics, with the ultimate goal of 
improving clinical outcomes for patients suffering from various 
cancer types.61-63 It is worth noting that the challenges faced in 
the development of selective CDK2 inhibitors are not unique to 
our research effort. The broader field of CDK-targeted cancer 
therapeutics has grappled with similar obstacles, underscoring 
the complexity of achieving the delicate balance between potency, 
selectivity, and safety. For example, Alvocidib, a CDK9 inhibitor, 
has shown promising anti-tumor activity in preclinical studies 
and early-phase clinical trials, but its clinical development has 
been hindered by dose-limiting toxicities, such as nausea, fatigue, 

Figure 5: Kinase activity of CDK2 with respect to increasing concentrations of 
CID-23569275.

Figure 6: Fluorescence emission spectra of CDK2 with increasing concentrations 
of CID-23569275, indicating quenching of the fluorescence, reflecting inhibition of 

CDK2 at 40 μM concentration of CID-23569275.
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and tumor lysis syndrome.64,65 Similarly, the pan-CDK inhibitor 
Palbociclib, which targets CDK4 and CDK6, has been approved 
for the treatment of hormone receptor-positive, HER2-negative 
advanced or metastatic breast cancer, but its use is limited 
by adverse events, including neutropenia, leukopenia, and 
fatigue.66,67 These challenges have driven the research community 
to explore alternative strategies, such as the development of more 
selective CDK inhibitors or the combination of CDK inhibitors 
with other targeted therapies or chemotherapeutic agents.68-70 
The identification CID-23569275 as potential CDK2-specific 
inhibitors with improved binding characteristics and 
conformational stability represents a step forward in overcoming 
the limitations of current CDK-targeted therapies. By focusing on 
the selective inhibition of CDK2, our approach aims to enhance 
the therapeutic window and minimize the off-target toxicities 
associated with pan-CDK inhibitors. The stable binding and 
persistent interactions observed in our MD simulations suggest 
that these lead compounds may exhibit improved specificity and 
potentially better-tolerated safety profiles, which could ultimately 
translate to more effective and well-tolerated cancer treatments. 
Furthermore, the combined evidence from the enzyme inhibition 
assay and fluorescence emission spectra strongly supports the 
effectiveness of CID-23569275 in inhibiting CDK2 activity. These 
findings are promising for the development of CID-23569275 as 
a therapeutic agent targeting CDK2-related pathways.

CONCLUSION

The present computational study has identified CID-23569275 as 
potent lead compound for CDK2 inhibition, exhibiting superior 
pharmacological properties compared to the reference Dinaciclib. 
The initial screening guided by Lipinski's rule of five narrowed 
the chemical space to 233 compounds with favorable drug-like 
characteristics. Comparative analysis revealed that the lead 
compounds demonstrated significantly higher LibDock scores, 
indicating stronger binding affinity towards the crucial CDK2 
target. Molecular Dynamics simulations further demonstrated 
that CID-23569275 maintained greater conformational stability 
and formed more stable interactions with the critical binding 
regions of CDK2, suggesting their potential for enhanced efficacy 
and reduced side effects. Furthermore, the combined evidence 
from the enzyme inhibition assay and fluorescence emission 
spectra strongly supports the effectiveness of CID-23569275 in 
inhibiting CDK2 activity. In conclusion, these findings warrant 
the continued investigation of CID-23569275 as promising lead 
candidate for the development of CDK2 inhibitor in cancer 
therapy in further clinical studies.
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ABBREVIATIONS

CDKs: Cyclin-dependent kinases; MD: Molecular Dynamics; 
RMSD: Root mean square deviation; RMSF: Root mean square 
fluctuation; ADME: Absorption distribution metabolism 
excretion; QSAR: Quantitative structure-activity relationship; 
SID: Simulation interaction diagram.

SUMMARY

A computational study has identified CID-23569275 as a potent lead 
compound for CDK2 inhibition, with superior pharmacological 
properties compared to Dinaciclib. The compounds showed 
higher LibDock scores, greater conformational stability, and 
more stable interactions with CDK2 binding regions, suggesting 
enhanced efficacy and reduced side effects. Further clinical studies 
are warranted to further investigate CID-23569275's potential.
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