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Short-Communication

The human kinome and all its associated signaling proteins
comprise an important network that is crucial for the regulation on the
majority of cellular functions. The NIMA-related kinases (NEKs) are a
family of serine/threonine kinases involved in cell cycle control in
fungi, mammals and other eukaryotes. In humans, eleven genetically
distinct members were identified, named Nekl to Nekl1. Besides the
well-established mitotic entry function, many other functions have
been recently attributed to this class of proteins such as DNA damage
response, cytokinesis, nuclear envelope breakdown and primary ciliary
and mitochondrial functions [1-3]. Despite having highly conserved
kinase domains, the selectivity and diversity of partners in the Nek
family is mainly due to heterogeneity of the regulatory domain, the
region in where many of these proteins interact.

Most of the new Nek functions have been discovered through
interactome studies. After the Human Genome Project, researchers are
focusing on building networks of protein-protein interactions, which
can provide insight into the mechanisms of cell functions. The kinase
interactome studies have been scarce due to the transient and weak
nature of the protein-protein interactions and they may occur only in a
specific cellular context or compartment [2,4].

Nek5 is one poorly studied member of the human Nek family and in
our recent paper a yeast two-hybrid screening was performed with a
human universal cDNA library using the C-terminal regulatory region
of Nek5 as bait. Three mitochondrial proteins: metaxin-2 (MTX2),
BCL2-associated transcription factor 1 (BCLAF1) and cytochrome C
oxidase assembly protein 11 (COX11) were identified raising the
possibility that Nek5 is involved in the regulation of mitochondrial
functions [5].

Neks are mainly cytoplasmic proteins, but for the first time Nek5
was identified in mitochondria where we demonstrated its protective
effects in cell death. Stable cells expressing Nek5 were treated with
thapsigargin and regulated cell death by decreasing the level of
Reactive Oxygen Species (ROS).

Previously, Nek1 had been also located at mitochondria where it has
been shown to regulate mitochondrial cell death through
phosphorylation of voltage dependent anion channel 1 (VDAC1) on
serine 193 [6,7]. Furthermore, Nekl depleted cells from homozygous
kat2] mice (lacking Nekl expression) presented exacerbated
mitochondrial membrane permeability (MMP) and consequently high
levels of cell death [6,7]. In cells depleted for Nek5 we showed a
tendency also for the cells to be more prone to ROS formation and cell
death [5]. In addition, some articles suggest that the depletion of NEK2
sensitizes HeLa cells to apoptosis [8] and in combination with

Paclitaxel and doxorubicin, Nek2 siRNA promote breast cancer cell
apoptosis [9]. Nek7 was also recently associated to a special type of cell
death: the pyroptosis, a form of programmed inflammatory cell death
[10-13]. Shi et al. [13] showed that in macrophages Nek?7 activates, in a
kinase-independent manner, NLRP3 promoting inflammasome
assembly in response to microbes and danger signals. During
interphase, the infection induces caspase-1 activation as well as
production of IL-18 in a Nek7-dependent manner, but during mitosis
the response was much lower, supporting the idea that the effects of
Nek7 are non-redundant [13]. Nlrp3 inflammasome has been
associated to many human diseases such as atherosclerosis, type 2
diabetes or Alzheimer's disease in a Nek-7 dependent process [10-12 ],
suggesting that Nek7 and other members of the family may also be
associated to these diseases.

Other members of the Nek family have recently been associated to
cell death. Silencing or defects in Nek3 [14], Nek4 [15], Neké6 [16],
Nek8 [17], Nek9 [18] and Nekl1 [19] have also been related to an
increase in cell death rates. Additionally, our group also observed the
mitochondrial localization of the Nek4 [3]. The roles of the Neks
during the cell cycle are clear, but now, those findings raise a new role
of the family associated to mitochondrial cell death and the function of
each member and their partners need to be re-evaluated.

Myogenic differentiation is driven by apoptotic signaling events
such as caspase-3 activation [20]. Nek5 was identified in a screen for
novel kinase substrates of caspase-3 [21]. C2C12 myoblasts over-
expressing Nek5 promoted myogenic differentiation by its C-terminal
cleavage driven by Caspase-3 [22]. As caspase-3 is one of the
protagonists of the apoptosis pathway, the role of Nek5 in this process
may be wider than expect.

The interaction of Nek5 with proteins associated to apoptosis is not
restricted to caspase-3, MTX2, COX11 or BCLAF1. We also observed
by an immunoprecipitation assay of Nek5 followed by Mass
Spectrometry analysis the interaction with NADH dehydrogenase
iron-sulfur protein 3; thioredoxin-dependent peroxide reductase;
serine/threonine-protein phosphatase 2A 65 kDa regulatory subunit A
alpha isoform and Endophilin-B1 (unpublished data), both latter
proteins are related to cell death, and therefore give additional support
to the idea of an involvement of Nek5 in this cell process.

As previously stated, many studies suggested an involvement of
Neks in the cell death process, but the mechanisms in which they
participate need to be investigated more deeply. Based on these works
it is possible to infer that Neks have their function not exclusively
related to cell cycle, DNA damage response or cilia. The mitochondria-
related processes need to be analysed further. We think that ours and
the works of other groups open a new perspective for the study not
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only of the cell death mediated by the members of the Nek family of
kinases but also their role in cancers. In conclusion, the knowledge
about the function of each Nek as well as their mechanism of action
may contribute to open new avenues for therapeutic strategies, where
the combined treatment using Nek siRNA or kinase inhibitors and
chemotherapeutic agents can be effective and serve as a novel
therapeutic option for the treatment of cancer.

Acknowledgments

This work was supported by Fundagdo de Amparo a Pesquisa do
Estado Sdo Paulo (FAPESP) process numbers 2010/16831-0,
2010/51730-0 and 2015/06458-4 and Conselho Nacional de Pesquisa e
Desenvolvimento (CNPq). We like to thank Prof. Anibal Eugénio
Vercesi (FCM, UNICAMP) for help with mitochondrial studies and
Dra. Adriana Franco Paes Leme (LNBio, CNPEM) for help with mass
spectrometry analyses.

References

1.  Fry AM, O'Regan L, Sabir SR, Bayliss R (2012) Cell cycle regulation by
the NEK family of protein kinases. J Cell Sci 125: 4423-4433.

2. Meirelles GV, Perez AM, de Souza EE, Basei FL, Papa PF (2014) Stop
Ne(c)king around: How interactomics contributes to functionally
characterize Nek family kinases. World ] Biol Chem 5: 141-160.

3. Basei FL, Meirelles GV, Righetto GL, Dos Santos Migueleti DL, Smetana
JH, et al. (2015) New interaction partners for Nek4.1 and Nek4.2
isoforms: from the DNA damage response to RNA splicing. Proteome Sci
13:11.

4. Bonetta L (2010) Protein-protein interactions:
construction. Nature 468: 851-854.

5. Melo Hanchuk TD, Papa PF, La Guardia PG, Vercesi AE, Kobarg J (2015)
Nek5 interacts with mitochondrial proteins and interferes negatively in
mitochondrial mediated cell death and respiration. Cell Signal 27:
1168-1177.

6. Chen Y, Craigen WJ, Riley DJ (2009) Nekl regulates cell death and
mitochondrial membrane permeability through phosphorylation of
VDACI. Cell Cycle 8: 257-267.

7. Chen Y, Gaczynska M, Osmulski P, Polci R, Riley DJ (2010)
Phosphorylation by Nekl regulates opening and closing of voltage
dependent anion channel 1. Biochem Biophys Res Commun 394:
798-803.

8.  Naro C, Barbagallo E Chiefhi P, Bourgeois CF, Paronetto MP, et al. (2014)
The centrosomal kinase NEK2 is a novel splicing factor kinase involved in
cell survival. Nucleic Acids Res 42: 3218-3227.

Interactome under

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Lee J, Gollahon L (2013) Nek2-targeted ASO or siRNA pretreatment
enhances anticancer drug sensitivity in triplenegative breast cancer cells.
Int ] Oncol 42: 839-847.

Duewell P, Kono H, Rayner K], Sirois CM, Vladimer G, et al. (2010)
NLRP3 inflammasomes are required for atherogenesis and activated by
cholesterol crystals. Nature 464: 1357-1361.

Guarda G, Zenger M, Yazdi AS, Schroder K, Ferrero I, et al. (2011)
Differential expression of NLRP3 among hematopoietic cells. ] Immunol
186: 2529-2534.

Heneka MT, Kummer MP, Stutz A, Delekate A, Schwartz S, et al. (2013)
NLRP3 is activated in Alzheimer's disease and contributes to pathology
in APP/PS1 mice. Nature 493: 674-678.

Shi H ,Wang Y, Li X, Zhan X, Tang M, et al. (2016) NLRP3 activation and
mitosis are mutually exclusive events coordinated by NEK7, a new
inflammasome component. Nat Immunol 17: 250-258.

Miller SL, DeMaria JE, Freier DO, Riegel AM, Clevenger CV (2005)
Novel association of Vav2 and Nek3 modulates signaling through the
human prolactin receptor. Mol Endocrinol 19: 939-949.

Park SJ, Jo DS, Jo SY, Shin DW, Shim S, et al. (2016) Inhibition of never in
mitosis A (NIMA)-related kinase-4 reduces survivin expression and
sensitizes cancer cells to TRAIL-induced cell death. Oncotarget.
Nassirpour R, Shao L, Flanagan P, Abrams T, Jallal B, et al. (2010) Nek6
mediates human cancer cell transformation and is a potential cancer
therapeutic target. Mol Cancer Res 8: 717-728.

Grampa V, Delous M, Zaidan M, Odye G, Thomas S, et al.(2016) Novel
NEK8 Mutations Cause Severe Syndromic Renal Cystic Dysplasia
through YAP Dysregulation. PLoS Genet 12: e1005894.

Kaneta Y, Ullrich A (2013) NEK9 depletion induces catastrophic mitosis
by impairment of mitotic checkpoint control and spindle dynamics.
Biochem Biophys Res Commun 442: 139-146.

Sabir SR, Sahota NK, Jones GD, Fry AM (2015) Loss of Nek11 Prevents
G2/M Arrest and Promotes Cell Death in HCT116 Colorectal Cancer
Cells Exposed to Therapeutic DNA Damaging Agents. PLoS One 10:
€0140975.

Fernando P, Kelly JF, Balazsi K, Slack RS, Megeney LA (2002) Caspase 3
activity is required for skeletal muscle differentiation. Proc Natl Acad Sci
U S A 99:11025-11030.

Tadokoro D, Takahama , Shimizu K, Hayashi S, Endo Y, et al. (2010)
Characterization of a caspase-3-substrate kinome using an N- and C-
terminally tagged protein kinase library produced by a cell-free system.
Cell Death Dis 1: e89.

Shimizu K, Sawasaki T (2013) Nek5, a novel substrate for caspase-3,
promotes skeletal muscle differentiation by up-regulating caspase activity.
FEBS Lett 587: 2219-2225.

J Cell Signal, an open access journal

Volume 2 « Issue 1 » 1000133


https://dx.doi.org/10.1242/jcs.111195
https://dx.doi.org/10.1242/jcs.111195
https://dx.doi.org/10.4331/wjbc.v5.i2.141
https://dx.doi.org/10.4331/wjbc.v5.i2.141
https://dx.doi.org/10.4331/wjbc.v5.i2.141
http://dx.doi.org/10.1186/s12953-015-0065-6
http://dx.doi.org/10.1186/s12953-015-0065-6
http://dx.doi.org/10.1186/s12953-015-0065-6
http://dx.doi.org/10.1186/s12953-015-0065-6
http://dx.doi.org/10.1038/468851a
http://dx.doi.org/10.1038/468851a
http://dx.doi.org/10.1016/j.cellsig.2015.02.021
http://dx.doi.org/10.1016/j.cellsig.2015.02.021
http://dx.doi.org/10.1016/j.cellsig.2015.02.021
http://dx.doi.org/10.1016/j.cellsig.2015.02.021
https://dx.doi.org/10.4161/cc.8.2.7551
https://dx.doi.org/10.4161/cc.8.2.7551
https://dx.doi.org/10.4161/cc.8.2.7551
https://dx.doi.org/10.1016/j.bbrc.2010.03.077
https://dx.doi.org/10.1016/j.bbrc.2010.03.077
https://dx.doi.org/10.1016/j.bbrc.2010.03.077
https://dx.doi.org/10.1016/j.bbrc.2010.03.077
https://dx.doi.org/10.1093/nar/gkt1307
https://dx.doi.org/10.1093/nar/gkt1307
https://dx.doi.org/10.1093/nar/gkt1307
https://dx.doi.org/10.3892/ijo.2013.1788
https://dx.doi.org/10.3892/ijo.2013.1788
https://dx.doi.org/10.3892/ijo.2013.1788
https://dx.doi.org/10.1038/nature08938
https://dx.doi.org/10.1038/nature08938
https://dx.doi.org/10.1038/nature08938
http://dx.doi.org/10.4049/jimmunol.1002720
http://dx.doi.org/10.4049/jimmunol.1002720
http://dx.doi.org/10.4049/jimmunol.1002720
http://dx.doi.org/10.1038/nature11729
http://dx.doi.org/10.1038/nature11729
http://dx.doi.org/10.1038/nature11729
https://dx.doi.org/10.1038/ni.3333
https://dx.doi.org/10.1038/ni.3333
https://dx.doi.org/10.1038/ni.3333
https://dx.doi.org/10.1210/me.2004-0443
https://dx.doi.org/10.1210/me.2004-0443
https://dx.doi.org/10.1210/me.2004-0443
https://dx.doi.org/10.18632/oncotarget.11781
https://dx.doi.org/10.18632/oncotarget.11781
https://dx.doi.org/10.18632/oncotarget.11781
http://dx.doi.org/10.1158/1541-7786.MCR-09-0291
http://dx.doi.org/10.1158/1541-7786.MCR-09-0291
http://dx.doi.org/10.1158/1541-7786.MCR-09-0291
https://dx.doi.org/10.1371/journal.pgen.1005894
https://dx.doi.org/10.1371/journal.pgen.1005894
https://dx.doi.org/10.1371/journal.pgen.1005894
https://dx.doi.org/10.1016/j.bbrc.2013.04.105
https://dx.doi.org/10.1016/j.bbrc.2013.04.105
https://dx.doi.org/10.1016/j.bbrc.2013.04.105
https://dx.doi.org/10.1371/journal.pone.0140975
https://dx.doi.org/10.1371/journal.pone.0140975
https://dx.doi.org/10.1371/journal.pone.0140975
https://dx.doi.org/10.1371/journal.pone.0140975
https://dx.doi.org/10.1073/pnas.162172899
https://dx.doi.org/10.1073/pnas.162172899
https://dx.doi.org/10.1073/pnas.162172899
https://dx.doi.org/10.1038%2Fcddis.2010.65
https://dx.doi.org/10.1038%2Fcddis.2010.65
https://dx.doi.org/10.1038%2Fcddis.2010.65
https://dx.doi.org/10.1038%2Fcddis.2010.65
https://dx.doi.org/10.1016/j.febslet.2013.05.049
https://dx.doi.org/10.1016/j.febslet.2013.05.049
https://dx.doi.org/10.1016/j.febslet.2013.05.049

	Contents
	Nek5 Association with Mitochondria Proteins and Functions: Is It a Nek Family characteristic?
	Short-Communication
	Acknowledgments
	References


