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Abstract: Background: Cyclin-dependent kinase 2 (CDK2) has been studied due to its role in the
cell-cycle progression. The elucidation of the CDK2 structure paved the way to investigate the molec-
ular basis for inhibition of this enzyme, with the coordinated efforts combining crystallography with
functional studies.

Objective: Our goal here is to review recent functional and structural studies directed to understanding
the role of CDK2 in cancer and senescence.

Methods: There are over four hundreds of crystallographic structures available for CDK2, many of
them with binding affinity information. We use this abundance of data to analyze the essential features
responsible for the inhibition of CDK2 and its function in cancer and senescence.
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Results: The structural and affinity data available CDK2 makes it possible to have a clear view of the
vital CDK2 residues involved in molecular recognition. A detailed description of the structural basis
for ligand binding is of pivotal importance in the design of CDK2 inhibitors. Our analysis shows the
relevance of the residues Leu 83 and Asp 86 for binding affinity. The recent findings revealing the
participation of CDK2 inhibition in senescence open the possibility to explore the richness of structur-
al and affinity data for a new era in the development of CDK2 inhibitors, targeting cellular senes-
cence.
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Conclusion: Here, we analyzed structural information for CDK2 in combination with inhibitors and
mapped the molecular aspects behind the strongest CDK2 inhibitors for which structures and ligand-
binding affinity data were available. From this analysis, we identified the significant intermolecular
interactions responsible for binding affinity. This knowledge may guide the future development of
CDK2 inhibitors targeting cancer and cellular senescence.
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1. INTRODUCTION

Cyclin-dependent kinases (CDK) have a central role in
regulating the cell-cycle progression by activating expression
of cyclins and endogenous CDK inhibitors at checkpoints [1-
3]. Cyclin-dependent kinase 2 (p33 Protein Kinase or Cell
Division Protein Kinase 2 or CDK2) is an enzyme encoded
by the CDK2 gene and has a cyclin partner that regulates
cell-cycle progression like centrosome duplication, DNA
synthesis, G1-S transition, and modulation of G2 progres-
sion. During the G1 and S phases, the CDK2 function is im-
perative for transitioning from one stage to another [4].
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Since CDK2 should be active for the transition from G1
to S phases, drugs that inhibit its action have the potential to
treat cancer [5]. When there is damage to genome integrity,
the signaling cascade machinery of the cell is activated to
block cell-cycle progression. Proteins p53 and p21 are in-
volved in halting this process. This intricate contrivance is
part of the so-called DDR or DNA damage response [6-8].

On the other hand, while DDR interrupts specific cell
activities and represses CDK activity to prevent mitotic entry
of damaged cells, findings show that a reduced level of the
same activities continues to go on even after damage. This
mechanism drives damaged cells to accumulate cyclins and
Polo-like kinase 1 (Plkl), affecting the new cells and con-
tributing to senescence [9-12].

Minor levels of CDK2 can function as a crucial point to
accumulate mitotic inducers to advance or not in the cell
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cycle through S and G2 phases, acquiescing the expression
of G2 specific proteins and repair the damaged DNA. It can
also induce the expression of other pathways such as the p21
expression and lead the cycle to an exit and senescence after
G2 phase [10].

Seeing the importance of CDK2, information about the
structural and ligand-binding affinity of this protein should
be crucial to developing new inhibitors for this enzyme.
Methods such as X-ray diffraction crystallography,
cheminformatics as well as bioinformatics techniques could
contribute to the design of more active inhibitors. Also, the
application of such techniques can increase the chances of
progress in the evaluation of the interaction with specific
proteins [13, 14].

In this review, we examine the significance of CDK2 for
cancer and the implication of CDK2 inhibition for cellular
senescence. Also, we carried out an analysis of the crystallo-
graphic data available for CDK2 in complex with inhibitors.
Our study reveals the critical structural features responsible
for binding affinity and the potential use of the CDK2 inhibi-
tors to address cellular senescence.

2. CDK FAMILY AND CDK2

Among 518 putative protein kinase genes identified in
the human genome, 20 of these are CDKs [15]. Specifically,
five CDKs are involved directly in the operation of the cell-
cycle regulation known to be common to all eukaryotes:
CDK1, CDK2, CDK3, CDK4, and CDK6. This group of
proteins is of essential importance to the structure and work-
ings of the animal cell [5, 16-18]. A previous study of the
sequence alignment of cell-cycle-related CDKs [18] shows
the conservation of the residues involved in the active site of
CDKs. This conservation highlights the challenge in the de-
sign of specific inhibitors for CDK since an inhibitor de-
signed to address one CDK might interfere with another
CDK.

Considering the cell-cycle-related CDKs, all CDKs con-
nect to a regulatory protein called cyclin, and, without the
formation of the cyclin-CDK complex, there would be no
high activity of this protein kinase [19, 20]. Specifically,
CDK2 has as cyclin partners the cyclins A and E which have
the primary function to regulate cell-cycle progression dur-
ing phases S and G2 [19].

Structural analysis of CDK2 indicated that rotation of N-
and C- terminal domains caused by the cyclin partner
[21-23] is necessary for its activation. The CDK2 remains
inactive when associated with cyclin A and the subsequent
phosphorylation of Th160 results in active CDK2-cyclin A
complex [21-23]. This active complex can also be responsi-
ble for the inactivation of some proteins that are engaged in
regulating the G1 and S phases. When inhibited, CDK2 can
diminish those activities and consequently stop cell-cycle
progression [23-27].

A previously published study identified that CDK2 is
superexpressed in a few tumor lines together with the
increase in the presence of cyclin E [26]. Also, the inhibition
of CDK2 by specific ligand and blockage of its function can
reduce the growth of carcinogenic cells significantly in mel-
anoma line [27].
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Discovering ligands that could work on binding specifi-
cally to the ATP-binding pocket of CDK2 could induce
apoptosis and lead to an impairment of cell-cycle progres-
sion, being sufficient as a therapy for some types of cancer.
The findings and development of selective CDK2 inhibitors
could be further explored as antitumor strategies and have
other targets such as cellular senescence.

3. CDK2, CANCER, AND SENESCENCE

Being CDK2 intrinsically connected to the regulation and
balance of cell-cycle progression, when activated or dysregu-
lated, immediately an aberration in the proliferating machin-
ery occurs, often leading to a severe uncontrolled mutation
of cells [28]. Growth-promoting oncogenes when activate
stimulate pathways can also trigger the activation of CDK2,
culminating in the appearance of several abnormalities in
cell cycle as mentioned before. Such mutations can cause the
development of malignancies like cancer [29, 30].

Prior studies focusing on quantifying levels of CDK2 in
different types of cancer, detected overexpressed numbers of
this specific protein. In colon adenoma and focal carcinoma
in adenomatous tissue, there were significantly higher levels
of this enzyme [31]. For gene amplification, Western blot
analysis reported higher levels of CDK2 for patients with
colorectal cancer compared to levels of normal mucosa.
Also, the ratio of the hyperphosphorylated form of pRb was
higher for these types of malignancies as well [32]. The pro-
tein expression of cyclin (D1, D3, E, and A) and CDKs
(CDK4, CDK2, and CDC2) was again higher for this type of
tissue than in healthy tissue. In a group of eight patients,
seven of them had increased CDK2 activity in cancer tissues
[31]. Analysis of the expression of CDK2 and associated
cyclins in human lung cancer showed higher levels of these
proteins lung cancer when compared to normal tissues [33].

As part of cell-cycle progression, inhibition of CDK2
naturally occurs in the cell. Natural inhibitors, such as
Cip/Kip and INK4, help to constrain CDK2 activity within
the cell during checkpoints. Knowing that CIP/KIP and
INK4 proteins have regulatory CDK2 functions, it is under-
stood that CDK inhibitors are of great interest in cancer ther-
apy [4-8, 14].

On the one hand, these essential occurring proteins are
present in healthy cells and for cancer cell lines they are mu-
tated or deleted, not being able to suppress CDK2 levels in
malignancy cases. Compounds that can inhibit CDK2 activi-
ty are of interest for cancer research due to their potential in
regulating cell-cycle progression [13].

Differently, the removal of CDK2 in p27Kipl knockout
mice showed no significate changes in tumor progression or
growth, indicating that its mechanisms are not affecting tu-
morigenesis. The inactivation of Cip-Kip endogenous inhibi-
tors can lead to an intervention in the cell regulatory mecha-
nism, being considered a good research strategy towards
understanding more about arresting cell cycle [34].

Cellular senescence is the programmed mechanism of
complete cell cycle arrest that occurs in viable cells and is
activated when several stresses that can modify fundamental
characteristics of this system occur [35, 36]. Shortening of
telomeres associated with replicative senescence, genotoxic
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agents that eventually cause DNA damage activating cell
cycle checkpoints, and premature senescence stimulated by
oncogenic signalization are factors that can trigger its ma-
chinery [37]. Oncogenes can be the cause of extreme stress
on cellular levels and disseminate the awakening of a system
that can work to prevent potential malignancies as previously
observed. Such pathways can be the precursors of cellular
senescence [29].

DDR pathways are known for their functions to regulate
cell-cycle progression. This network of signaling and pro-
cessing factors can be the target of selective therapies related
to proteins that can monitor cell growth [38]. CDK2 is part
of this intricate map, and when inhibited through DDR, it is
still present in small levels and capable of maintaining their
role as DNA replicators [39]. Functions like cell-cycle pro-
gression, DNA replication, and repair during S phase, all
occur due to CDK2. Moreover, in G2 phase, CDK2 activity
still allows p21 production. This never-ending involution
remains an open loophole, thereby driving cell proliferation,
and inducing DNA replication stress. The hypothesis to find
a way to inhibit this protein, making this an exit of the
degenerative cell cycle is of great importance [40].

Millers and collaborators (2017) [41] found that when
inhibiting CDK 1/2, p21 mRNA levels diminished, suggest-
ing that CDK activity promotes senescence by establishing
higher levels of p21; a strategy to suppress tumor growth
[41, 42]. Contrarily, Zalzali and collaborators (2015) [43]
tested a normal cell line of unstressed fibroblasts for CDK2
inhibition and concluded that there was a complete exit of
the cell cycle and no traces of senescence.

Zalzali and collaborators (2015) [43] showed that p53-
dependent repression of CDK2 could be a powerful tool and
a key mechanism for making the cell exit its proliferative
cycle entering a senescent state. Another result was that
when tested clinically, the inhibition of CDK2 could drive
cells that were protumorigenic into a senescent state, making
this another critical finding towards exploring a cancer ther-
apy.

Senescence induction as a therapeutic tool can be a way
to combat tumor progression, but when triggered, there is an
inevitable secretion of inflammatory cytokines and growth
factors (senescence-associated secretory phenotype or SASP)
from the senescent cells, which is responsible for potential
stimulation of tumor cells and negatively affecting healthy
cells and tissues surrounding the area [44, 45]. Riggelen and
Felsher (2010) [46] inquired about the study that Myc can
act both as an inducer and a repressor of senescence [47, 48].

To be able to suppress senescence, Campaner and collab-
orators [47] observed that the deficiency of or reduction in
Myc in BRAFV600E-expressing melanoma cell leads to
cellular senescence in several experiments when there is a
programmed turn off of Myc in mice models, Myc being
responsible for the stimulation of WRN expression and
CDK2 activity [46, 49, 50]. For this scenario, Myc should
start the suppression of its senescence-promoting induction
[48].

A previous study showed that Myc and Ras are two on-
cogenes that not only stimulate cell proliferation but also
induce tumor suppressive failsafe mechanisms [48]. In
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agreement with these findings, cellular senescence has been
identified in several types of premalignant human tumors,
which gives further evidence that this mechanism is an es-
sential tumor-suppressive process [29, 44, 45]. Especially
interesting is the evidence of the involvement of cell-cycle
regulators, CDKN2a (p16Ink4a) and CDKNI1A (p21Cipl),
in the senescence response [51-53]. These proteins are
naturally occurring CDK inhibitors. Furthermore, it has been
demonstrated that inhibition of CDK2 and subsequent induc-
tion of senescence could be achieved through ligands selec-
tively targeting CDK2 ATP-binding pocket [48].

In this line of thought, Campaner, Doni, and colleagues
indicated that chemical inhibition of CDK2 is responsible for
senescence in Myc-overexpressing cells by activating tran-
scription of hTERT [54]. This study also reported that phar-
macological inhibition of CDK2 provokes Myc-dependent
senescence in several cell types, including a p53-null human
cancer cell line. In Myc-driven tumors, the use of CDK2
inhibition suggests that cellular senescence might be a valid
therapeutic mechanism [50, 55, 56]. This report indicated
that pharmacological inhibition of CDK2 could trigger cellu-
lar senescence, and another study showed that inhibition of
CDK1 causes apoptosis in Myc-expressing cells [57, 58].

Taken together, we may say that these studies suggested
that dual inhibitors of CDK1 and CDK2 might be particular-
ly advantageous for the treatment of Myc-driven tumors.
Therefore, the establishment of the structural basis for inhi-
bition of CDK is pivotal for the designing of a new genera-
tion of CDK inhibitors driven by the potential beneficial
impact of dual inhibition of CDK1 and CDK2 in the treat-
ment of Myc-driven tumors. Considering that CDK1 and
CDK2 show high sequence identity and the active-site resi-
dues are conserved, the dual inhibition is most likely to be a
common occurrence for these enzymes.

4. MATERIALS AND METHODS

In this work, our focus was on the crystallographic struc-
tures of human CDK2. Although CDK2 has a structural
complexity that can be handled by other techniques such as
nuclear magnetic resonance (NMR) spectroscopy [59], all
structural data available for CDK2 was obtained using X-ray
diffraction crystallography [60]. X-ray diffraction crystallog-
raphy is a powerful technique to determine atomic coordi-
nates of protein-ligand complexes and has been successfully
applied for over four hundred of CDK structures (search
carried out on the Protein Data Bank (PDB) [61-63] on June
6, 2018).

We have selected three-dimensional structures of human
CDK?2 solved by X-ray diffraction crystallography for which
half-maximal inhibitory concentration (ICsp) information
was available (search carried out on the PDB on May 29,
2018). PDB gathers experimental binding affinity data from
three other databases: BindingDB [64, 65], MOAD [66, 67],
and PDBbind [68, 69]. This search returned 98 CDK2 com-
plex structures. We further filtered CDK2 structural infor-
mation to eliminate entries without crystallographic water
molecules or repeated ligands. After data filtering, we ended
up with a dataset comprising of 87 unique (no repeated lig-
ands) CDK2 complex structures. We included the presence
of water molecules as search criteria due to the importance
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of water-mediated hydrogen bonds for binding affinity, as
previously reported for crystal structures of CDK2 with
competitive inhibitors [70].

We show the complete list of the PDB access codes in
Table 1. The ensemble of CDK2 structures (Table 1) will be
referred to as CDK2 dataset. We used the program SAn-
DReS [71] to download the PDB structures, binding affinity
information, and to carry out data filtering for the CDK2
dataset. Ligand information and binding affinity data are on
supplementary material 1.

Table 1. PDB access codes for the CDK2 dataset.

PDB Access Codes

1JVP, 101R, 10IT, 1PXI, ITURW, 1YKR, 2A0C, 2B52, 2B54, 2B55,
2BHE, 2BTR, 2BTS, 2C68, 2C61, 2C6K, 2C6M, 2CLX, 2R3F, 2R3G,
2R3H, 2R31, 2R3J, 2R3K, 2R3L, 2R3M, 2R3N, 2R30, 2R3P, 2R3R,
2VTH, 2VTQ, 2VTR, 2VTS, 2VTT, 2VV3, 2VV9, 2W05, 3DDQ,
3EZR, 3EZV, 3FZ1, 31G7, 3IGG, 3NS9, 3PJ8, 3PXY, 3PXZ, 3PY0.
3QQK, 3QTQ, 3QTR, 3QTS, 3QTU, 3QTW, 3QTX, 3QU0, 3QXP,
3R8V, 3R8Z, 3R9D, 3RIN, 3R90, 3RAH, 3RAL, 3RJC, 3RK7, 3RK9,
3RMF, 3RNI, 3RPR, 3RPV, 3RPY, 3RZB, 3500, 3S1H, 3SQQ, 3TI1,
3TIY, 3UNJ, 4BGH, 4FKI, 4FKL, 4GCJ, 4NJ3, 4RJ3, 5D1J

To analyze protein-ligand interactions for CDK2-ligand
complexes, we employed the program LigPlot+ [72, 73]. We
focused on the intermolecular interaction analysis on the
active ligands available for all structures in the CDK2 da-
taset. We could say that the specificity and affinity between
a small-molecule ligand and its protein target depend on sev-
eral physical-chemical parameters. The main features re-
sponsible for binding affinity are the following: electrostatic
interactions, intermolecular hydrogen bonds, and van der
Waals contacts as well as on geometric fit of the contact sur-
faces of both molecules [74-78].
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We may say that the application of a robust computation-
al tool to evaluate intermolecular interactions has a benefi-
cial impact in the analysis of the main structural features
responsible for binding affinity, which is even more critical
when we consider two extra elements: the abundance of
structural data for CDK2 and the existence of experimental
binding information for these crystallographic structures.

5. RESULTS AND DISCUSSION
5.1. CDK2 Structure

The first crystallographic structure of human CDK2 was
determined in 1993 at the University of California Berkeley
[79]. Analysis of the high-resolution crystallographic struc-
ture revealed the typical bilobal molecular architecture of
serine/threonine protein kinase (EC 2.7.11.1). Figure (1)
shows the structure of CDK2 in complex with ATP (PDB
access code: 1HCK) [22]. The N-terminal domain is mainly
composed of a distorted beta-sheet and a short alpha helix. A
helix bundle forms the C-terminal. The two lobes allow the
binding of the ATP molecule, as we can see in Fig. (1).

Analysis of the CDK2-ATP interactions is shown in Fig.
(2) [22]. The adenine ring shows two intermolecular hydro-
gen bonds involving main-chain atoms of Glu 81 and Leu
83. The phosphate groups exhibit an intricate network of
electrostatic interactions and hydrogen bonds involving Lys
33, Lys 129, and Thr 14. The identification of the main resi-
dues responsible for binding of the ATP strongly indicate the
pivotal intermolecular interactions to be explored in the de-
sign and development of competitive inhibitors for CDK2. In
the next section, we describe the main aspects of CDK2-
inhibitor interactions.

5.2. CDK2-ligand Interactions

Based upon an analysis of protein-ligand interactions
carried out with the programs LigPlot [72, 73] and SAn-
DReS [71]; we identified that the residues Ile 10, Phe 82,
Leu 83, Leu 134, and Asp 145 are the most common inter-
molecular interactions involving CDK2 and inhibitors for the

Fig. (1). Crystallographic structure of human CDK2 in complex with ATP (PDB access code: 1HCK). We indicate N- and C- terminus in the
figure. The figure above was generated using Molegro Virtual Docker (MVD) [80].
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Fig. (2). Protein-ligand interactions of the CDK2 with ATP. The figure above was generated using LigPlot+ [72, 73] where we represent the

hydrogen bonds as dashed lines. All distances are in A.

structures in the CDK?2 dataset. Figure (3) shows the plot of
intermolecular interactions identified for binary complexes
in the CDK2 dataset. All inhibitors analyzed in this dataset
are composed of competitive inhibitors with ATP. Consider-
ing these most common residues in the intermolecular inter-
actions, we see the predominance of hydrophobic interac-
tions involving residues Ile 10, Phe 82, Leu 83, and Leu 134.
Only one residue has charged side chain amongst the most
prominent residues found in the intermolecular interactions,
the residue Asp 145.

The importance of these residues for CDK2 inhibition
has been highlighted since the determination of the first X-
ray diffraction crystal structure of CDK2 [79]. The residue
Leu 83 has been previously proposed as a member of the

molecular fork [81-86], which mediates most of the intermo-
lecular contacts. This part of the CDK2 structure is com-
posed of a pattern of the acceptor, donor, and acceptor in-
volving main-chain atoms, as shown in Fig. (4). The first
acceptor is C=0O group present in the Glu 81. In the se-
quence, we have the N-H and C=0 groups found in the Leu
83. Furthermore, analysis of intermolecular hydrogen bonds
indicates that the main-chain atoms of Leu 83 are the most
common intermolecular interactions in the CDK2 dataset.
The residue Leu 83 shows hydrogen-bond interactions in 84
complexes out of 87 structures in the CDK2 dataset. Also,
we see that Leu 83 is not involved in intermolecular hydro-
gen bonds for the structures 1PXI (inhibitor CK1) [87],
2R3G (inhibitor SC9) [88], 3FZ1 (inhibitor B98) [89], and
4FKL (inhibitor CK2).
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Fig. (3). Plot of the number of intermolecular contacts for all struc-
tures in the CDK2 dataset. The figure above was generated using
SAnDReS [71].
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Fig. (4). Representation of the molecular fork of the cyclin-
dependent kinase (PDB access code: 3RJC). In the figure, A repre-
sents the acceptor and D represents the donor of intermolecular
hydrogen bonds. The figure above was generated using MVD [80].
Details about the intermolecular interactions for all ligands in the
CDK?2 dataset are shown in the supplementary materials 2 and 3.

The intermolecular interactions for structures of CDK2
complexes where the residue Leu 83 is not participating in
intermolecular interactions are shown in Fig. (5A-5D).
These inhibitors show ICs, values ranging from 12 to
17,000 nM. Only one inhibitor shows ICsy < 20 nM, the
ligand B98 (ICsy = 12 nM) in the structure 3FZ1. As we
can see in the intermolecular interactions for the ligand B98
(Fig. 5C), it is tempting to attribute the low ICsy value of
B98 for CDK2 to the hydrogen bonds involving the NZ
atom from Lys 33. This interatomic distance is less than
3.05 A for the NZ of Lys 33 and the O10 of the inhibitor
B98. Also, we see a strong intermolecular hydrogen bond
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involving the OD1 atom of Asn 132 and N14 atom of B98,
with an interatomic distance shorter than 2.6 A. We did not
see these pattern of intermolecular hydrogen bonds in the
other complex structures (PDB access codes: 1PXI, 2R3G,
and 4FKL).

Analysis of intermolecular hydrogen bonds for ligands
CK1 (ICsp = 17,000 nM), SC9 (ICso = 800 nM), and CK2
(ICso = 6,500 nM) also indicates the participation of NZ of
lysine residues, the Lys 33 for structures 1PXI and 4FKL;
and the Lys 89 for structure 2R3G. Nevertheless, all these
complex structures show intermolecular distances higher
than 3.1 A. Also, no intermolecular hydrogen bonds are ob-
served with a length shorter than 2.6 A, as found for an OD1
atom of Asn 132 and N14 of B98 (Fig. 5C) in the 3FZ1
structure.

Considering all structures in the CDK2 dataset, we see
that the 1Csy ranges from 1.0 to 120,000 nM (supplemen-
tary material 1). There are six CDK2 inhibitors (PDB ac-
cess codes: 10IT (inhibitor HDT) [90], ITURW (inhibitor
11P) [91], 2B52 (inhibitor D42) [92], 2WO05 (inhibitor FRT)
[93], 3NS9 (inhibitor NS9) [94], and 4BGH (inhibitor 316)
[95] with ICsy < 10 nM. Fig. (6A-6F) show intermolecular
interactions for all CDK2 inhibitors with ICsy, < 10 nM.
Analysis of the intermolecular interactions for these strong
CDK2 inhibitors highlights some common structural fea-
tures that could be explored in the design of novel CDK2
inhibitors.

The first striking common feature to all these inhibitors is
the type of ligand atoms in intermolecular hydrogen bonds
with Leu 83. They all exhibit nitrogen atoms of the inhibitors
participating in intermolecular hydrogen bonds involving the
main-chain atoms of Leu 83. This is the only residue that
participates in the intermolecular hydrogen bonds for all six
structures. Furthermore, Leu 83 participates with two hydro-
gen bonds with all strong inhibitors. Analysis of the ligand
atoms involved in intermolecular hydrogen bonds with Leu
83 indicates that they all show the participation of nitrogen
atoms of the inhibitors. Also, we found two additional hy-
drogen bonds involving the Asp 86 and the NZ from the side
chain of Lys 89. Taken together, we could say interactions
with Leu 83 are mandatory for binding of the strongest
CDK2 inhibitors. Based on this pattern of intermolecular
hydrogen bonds, we could say that improvement of binding
affinity may be achieved with additional hydrogen bonds
involving main chain N-H and OD side chain groups of Asp
86. This interaction is found in complex with inhibitors HDT
(ICs0=2.25 nM), I1P (IC5p = 3.0 nM), FRT (ICso = 1.0 nM),
and 316 (ICso = 4.0 nM).

6. AUTHORS INSIGHT ON THE TOPIC

In our view, the richness of structural and ligand-binding
affinity data that is available due to the initial development
of CDK inhibitors directed to control cell-cycle progression
could be beneficial on the research for the treatment of Myc-
driven tumors. In the last case, we target the inhibition of
CDK2 to cause senescence in Myc-overexpressing cells [54].
In this context, the role of dual inhibition of CDKI1 and
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Fig. (5). Protein-ligand interactions of the structures of the CDK?2 dataset without the hydrogen bond between the residue Leu83 and the lig-
ands A) CK1, B) SC9, C) B98, D) CK2. The figures above were generated using LigPlot+ [72, 73] where we represent the hydrogen bonds as

dashed lines. All distances are in A.

CDK2 is especially interesting as a promising therapy to
treat Myc-driven tumors. The therapeutical potential of dual
inhibition of CDK1 and CDK2 emphasizes the importance of
an integrated study of these enzymes [54, 57]. The use of
CDK1 and CDK2 dual inhibitors have the potential to bene-
fit from nearly three decades of research on CDK inhibition.
Also, the use of CDK2 inhibitors in the study of cellular se-
nescence mechanism has a positive impact on the under-
standing of the molecular mechanism of this crucial biologi-
cal mechanism.

Furthermore, our analysis of the crystallographic struc-
tures of CDK2 for which ligand-binding affinity data is
available clearly shows the importance of the molecular fork
for ligand-binding interactions. Here, we described the
identification of the pivotal role of main-chain atoms of Leu
83 and main-chain N-H and OD side-chain groups of Asp
86 found in the strongest CDK2 inhibitors, which may
serve as a guide to direct the development of inhibitors. This
structural evidence is a good starting point for the develop-
ment of CDK1 and CDK2 dual inhibitors targeted to the
treatment of Myc-driven tumors.
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Fig. (6). Protein-ligand interactions of the structures of the CDK2 dataset with the hydrogen bond between the residue Leu83 and the ligands
(ICso < 10 nM)) A) HDT, B) I1P, C) D42, D) FRT, E) NS9, F) 316. The figures above were generated using LigPlot+ [72, 73]. Plots for the
intermolecular interactions for all ligands are on supplementary material 4.
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S . . MVD = Molegro Virtual Docker
development of CDK2 inhibitors. The intensive efforts _ .
. .. . . NMR = Nuclear magnetic resonance
combining structural and activity studies were able to clarify _ .
. . . PDB = Protein data bank
the structural basis for inhibition of CDK2, allowing us to . .
. -y Plk1 = Polo-like kinase 1
explore the most promising moieties for the development of o Lo
I . . RNA = Ribonucleic acid
inhibitors with K; and ICsy in the nanomolar range. The .. . .
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recent discoveries relating the pivotal role of CDK2 . .
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