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Abstract

The global incidence of cancer is on the rise, and within the next decade, the disease is expected to
become the leading cause of death worldwide. Forthcoming strategies used to treat cancers focus
on the design and implementation of multidrug therapies to target complementary cancer specific
pathways. A more direct means by which this multitargeted approach can be achieved is by
identifying and targeting interpathway regulatory factors. Recent advances in understanding Nek2
(NIMA related kinase 2) biology suggest that the kinase potentially represents a multifaceted
therapeutic target. In this regard, pharmacologic modulation of Nek2 with a single agent may
effect several mechanisms important for tumor growth, survival, progression, and metastasis. We
herein review the development of Nek2 as an oncology target and provide a succinct chronology
of drug discovery campaigns focused on targeting Nek2.
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The Nek2 Kinase

In the next two decades, global cancer incidence is expected to double from 12.7 million
cases in 2008 to an estimated 21.4 million by 2030.1:2 Many clinical therapies predate the
40+ year war on cancer, and modern therapeutics often have limited efficacy in aggressive
drug refractory malignancies. Additional complicating factors, such as aberrant activity of
undruggable oncogenic factors, further burden the success of treatment. Personalized
medicine has been implemented to more efficiently and effectively diagnose and treat
disease. However, the era of personalized medicine is in its infancy, and without the
discovery of novel targets and therapeutics the challenges of successfully tackling a surge in
cancer incidence are enormous. To meet the projected demand, innovative methods for
treating cancers must be investigated.

Current drugs used for the treatment of cancer fall into one of two main classes,
chemotherapy or targeted therapy, based on target specificity. Chemotherapy comprises
three main drug types: antimetabolites,3 alkylating agents,* and cell cycle inhibitors.>6
Though chemotherapy remains the dominant therapy in the clinical setting, design of new
chemotherapies represent an outdated approach for identifying more effective anticancer
drugs. Moreover, because of the heterogeneous nature of tumors,’ chemotherapies select for
and promote drug refractory malignancies.

The enhanced understanding of cancer biology has given rise to the second class of cancer
therapies termed targeted therapeutics.8-10 Targeted therapeutics are designed to specifically
act on aberrant cancer signaling pathways that are unique to a particular tumor. Multiple
generations of inhibitors have achieved profound target specificity effectively limiting off
target toxicities. The success of target-based therapeutics was believed to eliminate the need
for nonspecific agents; however, to date, this therapeutic goal remains unmet. Akin to
chemotherapies, the targeted therapeutic class suffers from transient clinical efficacy, as
treatment selects for drug refractory malignancies.11:12

The evolution of drugs for the treatment of cancer has begun to produce more successes in
large part due to the combination of both therapeutic classes. On the basis of these
successes, a variety of therapeutic combinations were investigated for the treatment of
pervasive malignancies.13-16 Drug—drug interaction complications from this treatment
strategy can produce undesirable toxicity.1” Toxicity issues from drug—drug interactions
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have caused a push for the discovery and development of novel therapeutics that can bridge
the two main drug classes. The goal of identifying one agent that can produce the benefit of
combination therapy without the liability of a drug—drug interaction will require strategic
analysis of molecular signaling pathways to identify key interpathway regulatory factors as
drug targets.

Recent advances in understanding the biology of Nek2 (NIMA related kinase 2), a serine/
threonine kinase, suggest that its pharmacological inhibition has multifaceted therapeutic
potential in bridging targeted and nontargeted avenues of chemotherapy. Nek2 is involved in
regulating four independent mechanisms of tumor biology: (1) cell-cycle regulation, (2) cell
survival, (3) chemosensitization, and (4) metastasis. Many solid tumors overexpress
Nek?2,18-20 and Nek2 RNA. inhibition results in decreased proliferation in numerous cancer
models.2122 Additionally, overexpression of Nek2 promotes active Akt 2324 a potent and
critical oncogene for a variety of malignancies (reviewed by Vivanco et al.2). By
contributing to aberrant Akt activity, Nek2 represents a novel target for blocking a variety of
tumor-specific pathways.23:24 Furthermore, recent studies have demonstrated that inhibition
of Nek2 has an important role in chemoresensitization of drug refractory tumors by down-
regulating the expression of ABC (ATP binding cassette) efflux transporters.2* The ABC
family of efflux transporters has been extensively studied, as increased expression of ABCs
causes chemoresistance and inhibition results in chemoresensitization (reviewed by
Gottesman et al.2%). Nek2 has also been implemented in up-regulation Wnt/Wg signaling,
altering cell adhesion markers, increasing Jnk (c-Jun N-terminal kinase) activity, and
altering B-catenin signaling, which can increase tumor migration, metastasis, and survival.23
Cumulatively, these findings identify the Nek2 kinase as an oncology target that is uniquely
positioned in tumor biology such that blocking Nek2 can integrate the effects of both
targeted and nontargeted treatment avenues. Herein, we review the development of Nek?2 as
an oncology target and associated inhibitor discovery campaigns.

Nek2 OVERVIEW

The Nek family of serine/threonine kinases is essential for normal mitosis and cell cycle
regulation.2”28 The first characterized member of the Nek family was never in mitosis
Aspergillus (NIMA) from the species Aspergillus nidulans, which has shown importance in
cell division.2® The closest related mammalian isoform to NIMA is Nek2.30 In mammals,
Nek2 is responsible for initiating centrosomal separation at the G2/M stage of the cell
cycle.2” To accomplish separation, Nek2 phosphorylates p-catenin,3! ninein-like protein
(NIP),32 and centrosomal Nek2-associated protein 1 (C-Nap1).33 Because of the very
specific role in cell cycle progression, Nek? is tightly regulated at the transcriptional and
post-translational levels. Specifically, Nek2 is expressed during the S and G2 phases of the
cell cycle, and at the post-translational level activity is modulated by protein phosphatase 1
(PP1).24.29.34 Interestingly, PP1 is also a critical regulator of Akt.24:29:34 |n malignancies,
elevated levels of Nek2 result in centrosomal separation, which can lead to chromosomal
instability (CIN), tumor promotion, and progression.3> From a regulatory standpoint,
elevated levels of Nek2 overwhelm the endogenous regulatory capacity of PP1, resulting in
aberrant activity of Akt.24 Conceptually, overexpressing Nek2 in normal cells can lead to a
tumorigenic intracellular environment.
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Nek2 AND CANCER

The contributions of aberrant Nek2 activity to the development and maintenance of an
oncogenic phenotype have only been resolved in the past decade. The first report of aberrant
expression of Nek2 in cancer came from a gene expression array querying over 1700 cancer
associated genes expressed in pediatric solid tumors.36 In this study, Nek2 and factors that
promote Nek2 activity were found to be co-up-regulated in a rare form of cancer called
Ewing’s sarcoma.3® On the basis of the findings, aberrant Nek?2 activity was correlated to
the development and progression of Ewing’s sarcoma. Further investigation in follicular
lymphoma (FL) and diffuse large B-cell lymphoma (DLBCL) identified a significant
elevation of Nek2 levels at both the transcriptional and protein level.19 Seminal findings
from the study indicate that aberrant expression and activity of Nek2 drive the progression
and transformation of lymphomas that ultimately produce a more aggressive disease.1® A
hallmark of lymphomas is aneuploidy and chromosomal rearrangement,3’ though
speculative, aberrant Nek2 activity likely contributes to the defining characteristics of
lymphoma. Significantly, Hayward and colleagues later defined a role for Nek2 in driving
aneuploidy and centrosome amplification in human breast epithelial cells.29 Gene
expression analysis identified elevated levels of Nek2 transcripts in a variety of
malignancies that harbor genetic abnormalities such as leukemia, cervical, ovarian, breast,
and prostate cancers. In solid tumors, up-regulated Nek2 was identified in both primary and
metastatic lesions, suggesting that up-regulation can be an early oncogenic event that leads
to promotion and progression of disease.20

Early studies investigating the therapeutic value of targeting Nek2 utilized RNAI in
cholangiocarcinoma, a rare inoperable cancer of the liver.38 RNAi was utilized to
specifically target and attenuate aberrantly expressed Nek2 in primary cultures of the tumor
as well as primary human fibroblasts.38 These studies demonstrated that Nek? targeted
therapies have selectivity for cancer, as suppressed proliferation relative to Nek2 RNAi was
only observed in the cholangiocarcinoma.38 In a similar RNAI based study, the efficacy of
Nek?2 targeted therapy was investigated in xenograft models of breast cancer using triple
negative, MDA-MB-231, or estrogen receptor (ER) positive MCF7 breast cancer cell
lines.3? Inhibition of Nek2 by RNAI resulted in a statistically significant response in
xenografts of both MDA-MB-231 and MCF7.3° Results indicated that targeting Nek? in
breast cancer displays efficacy in reducing tumor growth independent of ER status. Another
study identified that Nek2 is important for tumor growth at both primary and secondary
breast cancer sites and depletion of Nek2 caused cell death from excessive aneuploidy.40
Further, Nek2 was found to be important for driving the growth of breast cancer metastases
in the lung.# The findings suggest that blocking oncogenic Nek2 in vivo is efficacious at
reducing the proliferation of Nek2 mutant tumors and validates Nek2 as an oncogene.

In another study, deliberate overexpression of Nek2 in Drosophila melanogaster led to an
up-regulation in Wnt/Wg signaling and an alteration in Rhol, Rac1, and E-cadherin cell
migration markers.23 Also, there was an increase in the activation of the Akt and Jnk
pathways, which can promote growth and survival.23 p-Catenin levels were found to be
reduced at the cell—-cell adherens junction complexes with increased signaling around the
nucleus, indicative of an invasive phenotype.23 As such, Nek2 was found to be important in
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the process of tumor migration, metastasis, and survival.23 Nek2 enables tumor progression
beyond promoting chromosomal instability (CIN) through the activation of a variety of
tumor enabling pathways.23

Nek2 AND DRUG RESISTANCE

Drug efflux is an extensive, complicating factor that limits the therapeutic window for many
cancer therapeutics and plays an essential role in increasing drug resistance in a variety of
malignancies.1:2.2441-45 The Nek2 kinase has been identified as a critical player in
increasing drug resistance by causing an increase in ABC mediated drug efflux.24 Studies
using RNAi to knock down Nek?2 transcripts have linked the kinase to ABC expression and
chemoresensitization.2441 Specifically, overexpression of Nek?2 in the ARP-1 multiple
myeloma cell line causes reduced efficacy of bortezomib, doxorubicin, and etoposide.24
Zhou et al. demonstrated chemoresensitization to chemotherapies using tet-inducible Nek?2
RNAI in a xenograft model system.24 Seminal findings demonstrate Nek2 RNAI resensitizes
ARP-1 cells to the aforementioned chemotherapies.2* Similarly, knocking down Nek2 by
RNAI resensitizes the breast cancer cell lines MDA-MB-231 and MDA-MB-468 to
doxorubicin and paclitaxel 4!

The proposed mechanism for Nek2 induced drug resistance relies on the deregulation of the
phosphatase, PP1. Nek2 contains a binding domain for PP1, which dephosphorylates the
activated form of Nek2 to control catalytic activity.*® PP1 is also responsible for regulating
Akt by dephosphorylating Akt at Thr-450.47 As levels of Nek? rise, the regulatory capacity
of PP1 is overcome by an excess of activated Nek2, which results in aberrant activation of
Akt, leading to an up-regulation in expression of ABC genes (Figure 1). Supporting
evidence for the proposed Nek2-PP1-Akt regulatory model comes from Nek?2 inhibition
studies that show diminished transcripts and protein levels for both multidrug resistance-
associated protein 1 (ABCC1) and breast cancer resistant protein (ABCG2).24 The proposed
Nek2-PP1-Akt regulatory model implicates the kinase in driving drug resistance. Moreover,
evidence presented in these studies suggests that blocking the Nek2 oncogene can restore
and enhance chemotherapy efficacy.

Nek2: THERAPEUTIC IMPACT AND IMPLICATIONS

Nek?2 has been preliminarily validated as a fruitful drug target for effecting oncogenic
pathways that drive cell division, Akt regulation, ABC mediated drug resistance, and
metastasis in a diverse set of solid and liquid tumors (Figure 2).20.23.24,36,37-41.48 A majority
of all studies have been completed with RNAi knockdown or Nek2 knockin models. RNAI
based studies do not necessarily recapitulate the effects observed with small molecule
inhibition. Extensive Nek2 target validation utilizing biological models has provided
incentive for the development of selective Nek2 small molecules. The small molecules can
serve as a tool to further define Nek2 biology and to progress Nek?2 as a therapeutic target.

Nek2 INHIBITOR DESIGN AND DEVELOPMENT

The concept of targeting Nek2 for chemotherapy treatment is a relatively new idea, since the
role of Nek2 in tumor biology has only recently been described.36 Development of the first
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Nekz2 inhibitor relied on the modification of sunitinib (SU11652, 1)*%:50 (Figure 3A), which
is a pan tyrosine kinase inhibitor with market approval for renal cell carcinomas (RCC) and
gastrointestinal stromal tumors (GISTs). Design of the Nek2 inhibitor was geared toward the
modification of compound 1 into an irreversible inhibitor through the strategic introduction
of an electrophilic moiety (Figure 3).%0 Inhibitors were constructed to covalently engage a
cysteine residue adjacent to the hinge of the kinase, which dramatically increased inhibitor
potency (Figure 3B).50 Only 11 kinases in the kinome are known to have a cysteine residue
in a similar location,® and this suggested a possible fine-tuning of activity to yield highly
selective Nek2 inhibitors.

The most potent Nek2 covalent inhibitor identified, compound 250 (ICsq < 6 nM), had no
selectivity for cyclin dependent kinase 1 (Cdk1), and as such, cells treated rapidly exited
mitosis.?? The lack of selectivity obscures biological effects, and therefore, further design
strategies were employed to mitigate selectivity issues. Compound design was improved by
strategically introducing an ethyl and methyl group and changing the alkylating moiety to
generate compound 3°0 that had >25 times selectivity against Cdk1. The selective
compound 3 was >130 times less active on Nek2 (ICsqg = 770 nM) (Figure 3). Compound 3
was able to acutely inhibit Nek2 in vitro without significantly impacting chromosome
congression, the spindle assembly checkpoint, bipolar spindle assembly, and mitotic entry.50
Therefore, compound 3 was selective for Nek2 and did not have substantial activity on other
cell-cycle kinases.>0 Because of the selectivity profile, compound 3 possesses characteristics
that are useful for determining the biological roles of Nek2.%0 Identification of small
molecule tools with limited off target activity will be required for progressing Nek2 target
validation beyond RNAI knockdown experiments.

Noncovalent Nek2 inhibition has been achieved with compound 4,°1 a predecessor to the
GlaxoSmithKline pololike kinase inhibitor (PIk1) GSK461364 (4a)®! (Figure 4 and Figure
8C).51 The compound displayed excellent activity in colon (COLO205, ICsy = 5 nM), lung
(A549, ICsg = 11 nM), breast (MX-1, IC5p = 9 nM), and ovarian (SKOV-3, ICsg = 11 nM)
tumor cell lines.> Although the inhibitor achieved activity on Nek2 (ICsq = 21 nM),
inhibition was greater on Plk1 (ICsq = 2 nM).51 Because of the selectivity issue, the amount
of efficacy originating from inhibiting Nek2 could not be identified. In a phase I clinical
trial, compound 4a caused a high incidence (20%) of venous thromboembolism (VTE), and
no phase 11 data exist on compound 4a.52 Hence, PIK1 activity is likely not well tolerated in
patients, despite prolonging stable disease in 15% of individuals on the study.>?

In another example of Nek?2 inhibitor design, high throughput screening (HTS) identified a
pyrazine-based scaffold 5°3 with Nek2 inhibitory activity (Figure 4).53 Diversification
efforts off the HTS hit commenced, and a nonliner Nek2 structure—activity relationship
(SAR) was identified. Further SAR based studies identified the pyrazine moiety as the
warhead of the compound. Molecular modeling revealed that the pyrazine forms two
hydrogen bonds on the hinge of Nek2.53 Further optimization of the pyrazine scaffold
proceeded resulting in compounds that bound to a novel, inactive form of Nek2.53
Specifically, compound 7°3 promoted a Nek?2 conformational change where Tyr70 was
recruited to a hydrogen bond network with the carboxylic acid moiety of the compound
(Figure 5). Presumably, this unique attribute is related to the flexibility of the compound as
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other more rigid compounds do not adopt similar binding modalities.>® As such, the
conformational change was not identified with compound 993 because of the rigidity of the
structure (Figure 5).%3

Despite the novelty of an induced-fit binding mode, strong geometric constraints at the ATP
binding site (Phe148 and Met86) further complicate Nek2 inhibitor design.>3 Therefore, the
majority of inhibitors based on the pyrazine scaffold had micromolar activity, while low
nanomolar activity was never achieved.®3 Interestingly, the Nek2 ATP binding site has
shared functionality with PIk1, which enables Nek2 chemotypes to have activity on PIk1
creating a problematic situation for selectivity (Figure 6).%3

To identify a potent, PIk1 selective Nek2 inhibitor, work shifted back to compound 4 in an
effort to abrogate the PIk1 profile.>* Compound 4 has a thiophene linker bridging the hinge
heterocycle with the amide and chiral ether (Figure 4). Remarkably, simply substituting the
thiophene linker to a benzene linker significantly reduced activity on Plk1.%4 Exclusive
Nek2 selectivity was achieved by moving the solubilizing group on the benzimidazole to the
5 position, yielding compound 6°* (Figure 4 and Figure 8D).>* The strategic placement of
the solubilizing group at the 5 position of benzimidazole creates Nek?2 specificity relative to
PIk1 because of steric clash with PIk1-Arg136, a bulky amino acid residue not encountered
at the same position in Nek2 (Figure 6).2>4 Therefore, by a change of the thiophene linker to
benzene and the benzimidazole substitution to the 5 position, compounds with upward of
150 times selectivity for Nek2 were generated. Unlike the pyrazine-based scaffold, Nek2
inhibitors derived from benzimidazole achieved submicromolar activity and have a high
degree of Nek? selectivity.>*

Perhaps the most successful campaign to develop a selective Nek2 inhibitor relied on the
combination of the pyrazine scaffold with the benzimidazole scaffold to generate the hybrid
compound 8°° (Figure 4). Through SAR studies, an aminopyridine warhead was found to be
superior to pyrazine, and the phenyl ring was substituted for an alkene to lower the
molecular weight of the final compound.®® Therefore, optimal Nek2 potency and selectivity
were achieved with a significant optimization in ligand efficiency (ICsg = 22 nM, >100
times PIk1 selectivity). Against a panel of cell cycle kinases and other important kinases,
there was good selectivity for Nek2.5%> However, compound 8 had only 3 times Nek2
selectivity against GSK3p (glycogen synthase 38), yet the narrow selectivity window was
found to be acceptable because of good global kinase selectivity.5® Like PIk1, GSK3pB
should be of similar concern for the design and development of future selective Nek2
inhibitors. Potent, selective compounds were progressed into cell-based assays, and the
compounds were evaluated for Nek2 inhibition by monitoring the amount of C-Nap1
(centrosomal Nek2-associated protein 1) phosphorylation. Nek2 phosphorylates C-Napl to
induce centrosome separation,33 and the lead inhibitor blocked Nek2 activity on C-Nap1
with submicromolar activity (ICsq = 0.8 uM).5 The activity further translated into growth
inhibition observed in a panel of cancer cell lines: US02 (Glgg = 0.48-2.92 uM), MDA-
MB-231 (Glgg = 0.95-7.25 pM), HelLa (Glsg = 0.14-1.20 pM), and MCF7 (Glgg = 0.22—
5.42 uM).5° The developed inhibitors were able to preliminarily support RNAi knockdown
studies by exhibiting activity in a variety of tumor cell lines. Because of the selectivity and
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potency of compound 8, the compound was found to serve as an efficient tool to further
define Nek2 biology.

In a novel, orthogonal approach to identify a Nek2 inhibitor, epidermal growth factor
receptor (EGFR) inhibitors, such as pelitinib (EKB-569, 10)23 and neratinib (HKI-272,
11)23 (Figure 7), were found to have activity on the Nek2 kinase.2> Compound 10 achieved
a 661 nM ICsq value on Nek2, while compound 11 achieved a 274 nM 1Cs(.2% On EGFR,
compounds 10 and 11 have ICsg values of 38.5 °6 and 92 nM,>’ respectively. Because Nek2
can promote metastasis by cooperating with mitogen-activated protein kinase (MAPK) and
EGFR singling,23 identifying an inhibitor to simultaneously block the EGFR/MAPK
cascade as well as Nek?2 activity represents an innovative approach to targeting cancers
where EGFR and Nek2 are both driving disease progression.23 By use of compound 10, the
inhibitor was found to block a Nek2 dependent increase in cytosolic 3-catenin
(nonmetastatic phenotype) and block Jnk signaling. Compound 10 also partially restored
normal function of cell migration markers and reduced cell migratory phenotypes.23
Lapatinib, an EGFR inhibitor without strong Nek?2 activity, did not have a significant impact
on Nek2 driven phenotypes.23 The study displayed that simultaneous inhibition of Nek2 and
EGFR synergize to increase efficacy in Nek2/EGFR driven tumors.23 The full extent of the
synergy and dual inhibition on other receptor tyrosine kinases (RTKS) needs to be further
investigated to better establish an understanding of Nek2/RTK interplay.

Considerable development on small molecules that can inhibit Nek2 has been completed.
Both kinase selectivity and Nek2 potency were achieved by optimizing regions of
compound 4 for Nek?2 activity. In general, a selective Nek2 noncovalent pharmacophore is
composed of four different regions: (1) solubilizing group, (2) hinge warhead, (3) aryl
linker, and (4) glycine pocket moiety (Figure 8A). Also, key areas of the Nek2 kinase can be
strategically exploited to develop potent and selective inhibitors (Figure 8B—-E). Significant
work has been completed to improve Nek? activity at the biochemical level 53-55 yet
thoroughly validating RNAI knockdown studies with selective Nek2 inhibitors still needs
much investigation. The inhibitors can be used to further define Nek2 biology and to
evaluate Nek? as a realistic therapeutic target. Also, a Nek2 inhibitor has yet to be evaluated
for chemosensitization properties, which has been recently identified as an important aspect
to Nek2 biology.24 Because of the oncogene synergy observed between Nek2 and RTK
signaling,23 dual inhibition of Nek2/RTK needs further investigation to fully determine
therapeutic relevance.

Nek2 FUTURE DIRECTION

The basis for Nek2 as a therapeutic target has been preliminarily evaluated through RNAI
knockdown studies and Nek2 knockin models.23:24:38-41 |nitjal research suggests that the
inhibition of Nek2 causes selective cytotoxicity, Akt regulation, reversal of ABC mediated
drug resistance, and a decrease in metastasis. Although Nek2 drug discovery and
development efforts have been limited, potent and selective inhibitors have been
generated.29:53-55 Nek2 inhibitors are in the early stages of development and have primarily
been used as selective, molecular probes to further define Nek2 biology. Also, dual
Nek2/RTK inhibition represents a novel avenue for therapeutic investigation.2% At present,
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selective Nek2 inhibitors can be utilized to identify the therapeutic relevance of Akt
regulation and the possibility of obstructing ABC mediated drug resistance. Moreover,
down-regulating Nek2 demonstrates great potential to elicit inhibitory effects on aberrant
Akt signaling; yet, the biological effects of Nek2 inhibitors on the Akt signaling axis remain
largely unexplored. As is evident, many important questions surrounding Nek2 biology
remain unanswered. With a Nek?2 inhibitor, there is a possibility to impact therapeutic
outcomes for Nek?2 positive cancers and address the forecasted surge in cancer incidence,
yet the biology surrounding the kinase needs to be further defined to fully evaluate
therapeutic relevance.

ABBREVIATIONS USED

Nek?2
Akt
ATP
ABC
MDR
NIMA
NIP
C-Napl
PP1
DLBCL
FL
Plk1
HFF
ER
ABCC1
ABCG2
PI3K
RCC
GIST
Cdk1
VTE
HTS

Jnk

never in mitosis/Aspergillus related kinase 2
protein kinase B

adenosine triphosphate

ATP binding cassette

multidrug resistance

never in mitosis/Aspergillus
ninein-like protein

centrosomal Nek2-associated protein 1
protein phosphatase 1

diffuse large B-cell lymphoma
follicular lymphoma

polo-like kinase 1

human foreskin fibroblast

estrogen receptor

a multidrug resistance-associated protein 1
a breast cancer resistance protein
phosphoinositide 3-kinase

renal cell carcinoma

gastrointestinal stromal tumor

cyclin dependent kinase 1

venous thromboembolism

high throughput screening
structure—activity relationship

c-Jun N-terminal kinase
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Figure 1.
(A) Protein phosphatase 1 (PP1) signaling axis regulates both Nek2 and Akt in a normal

cell. (B) In a tumor environment, increased Nek?2 expression disrupts the PP1 signaling axis,
leading to more active Akt, which drives ABC mediated drug resistance.2
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Figure 2.
Aberrant Nek2 activity causes an increase in Akt activity, cell division, drug resistance, and

metastasis. Inhibiting the Nek2 oncogene can block Akt, reduce tumor cell proliferation,
increase chemotherapy sensitivity, and lower the rate of metastasis. Crystal structure data
were obtained from Westood et al.2’
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Figure3.
(A) Evolution from compound 1 to compound 3, a Nek2 selective irreversible inhibitor. (B)

(1) Design strategy of a selective Nek2 covalent inhibitor and (2) compound 3
computationally modeled in the Nek2 kinase. The alkyne moiety is in proximity to Cys22
for covalent modification of Nek2. The imidazole moiety provides Nek2 selectivity.
Computational binding experiments were completed using AutoDock Vina,>8 and the Nek2
crystal structure was obtained from Innocenti et al.®
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Development of compound 8 from compound 4 and HTS hit 5.
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Figure5.
Induced Nek2 conformational change. Adapted from Whelligan et al.>3
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Figure6.
Nek?2 (orange) and Plk1 (blue) 3D structure alignment. Key residues within the ATP binding

pocket have been highlighted. Arg136 on Plk1 provides an avenue for the development of
Nek?2 selective inhibitors. The structure alignment was completed with CLICK: Topology
Independent Comparison of Biomolecular 3D Structures. The Nek?2 crystal structure was

obtained from Innocenti et al.,>® and the PIk1 crystal structure was obtained from Nie et
al.»®
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Figure7.
Novel Nek2/EGFR dual inhibitors.
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Figure8.
(A) Proposed four-part Nek2 selective pharmacophore, composed of (1) solubilizing group,

(2) hinge warhead, (3) aryl linker, and (4) glycine pocket moiety. (B) Crystal structure of
compound 11 bound to the Nek2 kinase.>® Key residues within the ATP active site are
highlighted. (C) Computational binding of compound 4 with Nek2. (D) Computational
binding of compound 6 with Nek2. (E) Molecular landscape of the Nek2 kinase. Crucial
regions have been highlighted to aid in the design of future inhibitors. Computational
binding experiments were completed using AutoDock Vina,>® and the Nek2 crystal structure
was obtained from Innocenti et al.>®
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