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Up to your NEK2 in CIN

Darcie D. Seachrist, Lindsey J. Anstine and Ruth A. Keri

Cancers are, first and foremost, a disease of 
unrestrained proliferation. Although other cancer 
hallmarks aid and abet advanced disease, the most effective 
therapies are those that disrupt proliferation [1]. Selective 
drivers of tumor growth have been identified for several 
cancer types, and targeted therapies to these factors have 
significantly extended patient outcomes [2–5]. For the 
majority of cancers, non-selective chemotherapies remain 
the most effective for achieving regression of both primary 
and metastatic lesions. Despite their efficacy at targeting 
proliferating cells, chemotherapeutic drugs typically have 
a narrow therapeutic window due to off-target toxicity, and 
many patients develop resistance, underscoring the need 
for more effective and safer options for patients. With 
recent discoveries, it is becoming increasingly apparent 
that the drivers of proliferation itself may function in a 
tissue-specific manner [6]. As a consequence of enforcing 
cell cycle progression, these drivers often induce 
mitotic errors and aneuploidy [7]. The identification and 
therapeutic targeting of tumor-selective drivers crucial for 
tumor cell proliferation in the face of unstable aneuploidy 
could reverse disease progression, overcome resistance, 
and reduce widespread toxicity in many cancer types.

Triple-negative breast cancers (TNBC) display high 
levels of intra- and inter-tumoral heterogeneity, making 
the identification of universal drivers challenging for 
this cancer class [8]. As a result, few targeted therapies 
are FDA approved for TNBC, and patients are most 
commonly treated with taxanes, alone or in combination 
with other cytotoxic agents such as anthracyclines, as 
standard of care. Paclitaxel, the most widely used taxane, 
stabilizes microtubule spindles during mitosis, causing 
mitotic errors. These genomic insults result in mitotic 
catastrophe, cell death, and complete tumor regression 
for roughly half of TNBC patients, extending their 
overall survival. However, outcomes are less favorable 
for those patients with residual disease [9]. Emerging 
data demonstrate that TNBCs harbor increased levels of 
unstable aneuploidy, mitotic errors, and chromosomal 
instability (CIN), and together these are responsible for 
the heterogeneity and therapeutic resistance observed 
in this disease [10–12]. While low/moderate level CIN 
promotes cancer cell fitness, allowing cells to adapt and 
survive chromosomal insults and environmental stress, 
the excessive rates of CIN induced by taxanes causes 
excessive, unrecoverable damage [12]. Cells that become 
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Figure 1: LIN9 and NEK2 overexpression in various human cancers. Percent of tumors with overexpression of either LIN9 or 
NEK2 across cancer types. Graph generated using RNA-Seq data generated by the TCGA Research Network [21] (http://www.cancer.gov/
tcga), archived in cBioPortal and expressed relative to diploid samples; Z-score threshold ≥ 2.0.
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resistant to taxanes have often adapted to elevated CIN. 
Discovering factors that tumor-specifically promote CIN 
and can be leveraged to further elevate it to intolerable 
levels may provide therapeutic targets for rational drug 
design in TNBC as well as other cancers. 

We recently identified the tissue-selective 
upregulation of the LIN9/NEK2 pathway in TNBC that 
we propose can be leveraged to ameliorate taxane resistant 
disease [13–15]. LIN9 is the scaffolding component of 
the MUVB complex that cooperates with transcriptional 
modulators, such as FOXM1 and B-MYB, to control 
the expression of cell cycle genes and proper mitotic 
progression. LIN9 expression is selectively upregulated 
in TNBC compared to other breast cancer subtypes 
and overexpressed in the majority of TNBC. Notably, 
elevated LIN9 expression is relatively unique to TNBC as 
a class, as other highly proliferative and highly aggressive 
malignancies such as glioblastoma and ovarian carcinoma 
do not show this same trend (Figure 1) [16, 17]. Silencing 
LIN9 expression in TNBC cells resulted in multiple mitotic 
errors that manifested as nuclear abnormalities such as 
multi-nucleation, micro-nucleation, and dysmorphic 
nuclei as well as amplified and aberrant centrosomes. 
Although these events increased cell death in TNBC, the 
effect of LIN9 silencing on cell viability was even more 
profound in the context of taxane resistance. Indeed, 
paclitaxel resistant cells displayed a further upregulation 
of LIN9 expression compared to their taxane sensitive 
counterparts. Moreover, silencing LIN9 expression 
amplified the mitotic errors associated with resistance 
and restored taxane sensitivity. These results indicated 
that the elevated LIN9 expression observed with taxane 
resistance enables tolerance of chromosomal instability 
and promotes cell viability. This also suggested that 
selective LIN9 inhibitors might extend survival in patients 
with taxane resistant disease. Although compelling, 
developing inhibitors to LIN9 is considered challenging 
as it lacks unique and readily defined binding pockets for 
drug accessibility, a common feature of transcription and 
protein-interacting factors. To overcome this challenge, 
we elected to identify downstream effectors of LIN9 that 
were critical for maintaining the chromosomal instability 
observed in taxane resistant cells and could provide a 
viable therapeutic targeting strategy. To accomplish this, 
we intersected publicly available ‘omics data with the goal 
of selecting druggable candidates that met the following 
conditions: 1) mRNA expression must be highly correlated 
with LIN9 in TNBC, 2) high expression of the target 
must be prognostic of worse patient outcomes (similar 
to LIN9), 3) target must be a direct transcriptional target 
of LIN9, 4) the target should have established functions 
in maintaining centrosome function, consistent with our 
observation of centrosome abnormalities, and 5) selective 
inhibitors must be readily available to inhibit candidate 

function. The result of this selection criteria yielded one 
candidate, NIMA-like Kinase 2 (NEK2). A “druggable” 
enzyme, NEK2 is a multifunctional serine/threonine 
kinase that governs several steps in mitotic progression, 
such as centrosome duplication, kinetochore detachment, 
and the spindle assembly checkpoint [18]. NEK2 also 
controls microtubule detachment, an essential step in 
mitosis also targeted by taxanes [19]. Moreover, we found 
that NEK2 dysregulation causes the accumulation of 
mitotic errors reminiscent of those occurring with LIN9 
silencing, affirming it as a viable candidate to target for 
taxane resensitization. Indeed, we found that inhibiting 
NEK2 function, using either genetic or pharmacological 
approaches, phenocopied the mitotic errors and 
catastrophic cell death observed with LIN9 silencing. 
Notably, increased NEK2 expression is prognostic of 
worse outcomes for TNBC patients with residual disease 
following adjuvant taxane/anthracycline treatment, 
suggesting that NEK2 may be a useful biomarker to 
predict chemotherapeutic response. Lastly, we found that 
NEK2 inhibition induced regression of both paclitaxel 
sensitive and resistant TNBC tumors in orthotopic 
xenograft mouse models of TNBC. 

This study reinforces the utility of targeting factors 
that drive mitotic progression and CIN and affirm that 
mechanisms fostering unstable aneuploidy may be 
leveraged for therapeutic benefit. More specifically, these 
data provide foundational support for inhibiting the LIN9/
NEK2 pathway to sensitize TNBCs to chemotherapies 
such as taxanes. LIN9 and NEK2 are upregulated in a 
substantial proportion of TNBC (Figure 1) [16, 17], hence 
inhibitors of these proteins have the potential to improve 
outcomes for a large subset of patients with this disease. 
Although LIN9 and NEK2 expression is selectively 
upregulated in TNBC, NEK2 can also be expressed in a 
variety of cancers and is prognostic of drug resistance, 
rapid relapse, and poor patient survival [20]. The absence 
of LIN9 upregulation in the majority of these other cancer 
types suggests that there may be multiple pathways 
contributing to NEK2 upregulation that are tissue-
selective. Identifying alternative pathways that control 
NEK2 expression may reveal additional therapeutic targets 
for further drug development that complement current 
efforts to design selective inhibitors of NEK2 for clinical 
utility. 
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