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Background: In the latest rankings, breast cancer ranks first in incidence and fifth in
mortality among female malignancies worldwide. Early diagnosis and treatment can
improve the prognosis and prolong the survival of breast cancer (BC) patients. The
NIMA-related kinase (NEK), a group of serine/threonine kinase, is a large and
conserved gene family that includes NEK1–NEK11. The NEK plays a pivotal role in the
cell cycle and microtubule formation. However, an integrative analysis of the effect and
prognosis value of NEK family members on BC patients is still lacking.

Methods: In this study, the expression profiles of NEK family members in BC and its
subgroups were analyzed using UALCAN, GEPIA2, and Human Protein Atlas datasets.
The prognostic values of NEK family members in BC were evaluated using the
Kaplan–Meier plotter. Co-expression profiles and genetic alterations of NEK family
members were analyzed using the cBioPortal database. The function and pathway
enrichment analysis of the NEK family were performed using the WebGestalt database.
The correlation analysis of the NEK family and immune cell infiltration in BC was conducted
using the TIMER 2.0 database.

Results: In this study, we compared and analyzed the prognosis values of the NEKs. We
found that NEK9 was highly expressed in normal breast tissues than BC, and NEK2,
NEK6, and NEK11 were significantly highly expressed in BC than adjacent normal tissues.
Interestingly, the expression levels of NEK2, NEK6, and NEK10 were not only remarkably
correlated with the tumor stage but also with the molecular subtype. Through multilevel
research, we found that high expression levels of NEK1, NEK3, NEK8, NEK9, NEK10, and
NEK11 suggested a better prognosis value in BC, while high expression levels of NEK2
and NEK6 suggested a poor prognosis value in BC.

Conclusion:Our studies show the prognosis values of the NEKs in BC. Thus, we suggest
that NEKs may be regarded as novel biomarkers for predicting potential prognosis values
and potential therapeutic targets of BC patients.

Keywords: breast cancer, NEK family, biomarkers, prognosis values, bioinformatics, immune system

Edited by:
Yi Zhao,

Institute of Computing Technology
(CAS), China

Reviewed by:
Udayan Bhattacharya,

NewYork-Presbyterian, United States
Chih-Yang Wang,

Taipei Medical University, Taiwan
Nicole Salazar,

San Francisco State University,
United States

*Correspondence:
Yong-Qu Zhang

yongqu_zhang@qq.com
Wen-He Huang

huangwenhe2009@163.com

†These authors have contributed
equally to this work

Specialty section:
This article was submitted to

Computational Genomics,
a section of the journal
Frontiers in Genetics

Received: 01 November 2021
Accepted: 07 February 2022
Published: 16 March 2022

Citation:
GaoW-L, Niu L, ChenW-L, Zhang Y-Q

and Huang W-H (2022) Integrative
Analysis of the Expression Levels and

Prognostic Values for NEK Family
Members in Breast Cancer.
Front. Genet. 13:798170.

doi: 10.3389/fgene.2022.798170

Frontiers in Genetics | www.frontiersin.org March 2022 | Volume 13 | Article 7981701

ORIGINAL RESEARCH
published: 16 March 2022

doi: 10.3389/fgene.2022.798170

http://crossmark.crossref.org/dialog/?doi=10.3389/fgene.2022.798170&domain=pdf&date_stamp=2022-03-16
https://www.frontiersin.org/articles/10.3389/fgene.2022.798170/full
https://www.frontiersin.org/articles/10.3389/fgene.2022.798170/full
https://www.frontiersin.org/articles/10.3389/fgene.2022.798170/full
http://creativecommons.org/licenses/by/4.0/
mailto:yongqu_zhang@qq.com
mailto:huangwenhe2009@163.com
https://doi.org/10.3389/fgene.2022.798170
https://www.frontiersin.org/journals/genetics
www.frontiersin.org
https://www.frontiersin.org/journals/genetics#articles
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org/journals/genetics#editorial-board
https://doi.org/10.3389/fgene.2022.798170


INTRODUCTION

Breast cancer (BC) is the most commonmalignant tumor in women,
and its morbidity and mortality rank first. BC has seriously
threatened the lives of patients, and the prevention and control
situation is severe (Bray et al., 2018). At present, BC clinical
treatments mainly include local surgery combined with
comprehensive treatment methods such as chemotherapy,
radiotherapy, endocrine therapy, and targeted therapy. However,
disease-free survival (DFS) and overall survival (OS) of BC patients
have not been effectively improved. Studies have shown that about
20% of patients with metastatic BC survive less than 5 years (Sun
et al., 2019), which may be due to the lack of specific biomarkers
associated with early diagnosis, treatment targets, and the prognosis
assessment of BC as well as the fact that the occurrence, development,
and metastasis mechanism of BC have not been fully clarified
clinically until now. Therefore, the search for BC biomarkers is of
great clinical significance for BC diagnosis and treatment.

Protein kinases (PKs) account for 1.7% of all genes in the human
genome and play an important role in the signal transduction of
eukaryotic cells (Melo-Hanchuk et al., 2020). The regulation of cell
cycles by PKs, especially during checkpoints, is an attractive
therapeutic target in tumors (Lapenna and Giordano, 2009). The
NIMA-related kinase (NEK) plays a crucial role in regulating different
aspects of the cell cycle. Originally found in the fungus Aspergillus,
NIMA (Never inMitosisA) is a serine/threonine kinase (79 kDa) that
is essential to perform mitosis. Subsequently, NIMA has been shown
to play a role in all phases of cell division (Peres de Oliveira et al.,
2020). Inmammals, there are 11 PKs that share 40–50% of the amino
acid sequence identity with NIMA in their catalytic domain (Peres de
Oliveira et al., 2020), so they are called NEK: NIMA-related kinase
(NEK). The 11 PKs are named NEK1–NEK11 (Prosser et al., 2016)
and are located in cilia, centrosomes, cell nucleus, cytoplasm, and
mitochondria (Melo-Hanchuk et al., 2020). Members of the NEK
family are involved in the development and/or progression of several
diseases (de Carcer et al., 2007; Malumbres, 2011). Different from
normal tissues, the NEK family has high ectopic expression and
genovariation in many malignant tumors, leading to the abnormal
cell cycle regulation and development of tumors (Joseph et al., 2020).
With the development of bioinformatics, it is highly possible and
convenient to study the underlying occurrence and development
mechanism of BC, explore new targets and therapeutic methods, and
improve the survival rate of BC patients.

MATERIALS AND METHODS

Reverse Transcription and PCR Analysis
The protocols of total RNA extraction and purification, cDNA
reverse transcription, and RT- PCR were described in previous
studies (Dou et al., 2017). All primers used for the RT-PCR
analysis are shown in Table 1.

UALCAN
The UALCAN database (http://ualcan.path.uab.edu/index.html)
contains many clinical data for various cancer types, which can
be used to query the relative expression of one or several genes and

their impact on survival time of cancer patients in various
subgroups of tumors and normal tissue samples
(Chandrashekar et al., 2017). In this study, we used the
UALCAN database to examine the difference in mRNA
expression levels of NEKs between BC and healthy breast tissues.

GEPIA2
The GEPIA2 website (http://gepia2.cancer-pku.cn/) is freely used
to analyze the gene expression of 9,736 tumors and 8,587 healthy
samples from the TCGA and GTEx databases (Joseph et al.,
2020). In this study, the GEPIA2 database was used to verify the
expression of NEKs based on the GEO and TCGA databases.

Human Protein Altas
The Human Protein Atlas (HPA, https://www.proteinatlas.org)
database contains immunohistochemical expression in normal
and cancer tissues (Asplund et al., 2012). In this study, the HPA
database provided immunohistochemical staining of NEK gene
family proteins in normal and BC tissues.

Kaplan–Meier Plotter
Kaplan–Meier Plotter (http://kmplot.com) is an online database
of cancer clinical gene chips published online, which is
constructed based on the gene chip and high-throughput
expression profile from public databases. We used the
Kaplan–Meier plotter to analyze the prognostic correlation of
NEK expression levels in BC.

cBioPortal
The cBioPortal database provides a visual tool for studying and
analyzing cancer-related genetic data, including 283 large tumor-
related gene expressions and proteomic studies from multiple

TABLE 1 | Sequence of real-time PCR primers.

The name of the
primer

Primer sequences

NEK1 F: GGCAGCTAAGTGTGTGAGTGGATC
R: TCTCCTCGTTTGGCTTTCTTGTCTG

NEK2 F: AGGTACTGAAGAGTGAGCCGTATGG
R: TGTAGCCAAGGACAGCATGTTAGTG

NEK3 F: GCAGCACGACAACATTATTGCCTAC
R: CCACACCACCATCTCTTCCTCAAAC

NEK4 F: GACTTCTTCACTGCCTGCCTGAC
R: CAATGGTGGGCTGGCTGATGTC

NEK5 F: ACAGTGTGACTACCCACCTCTTCC
R: TCTGGTCGCTTCTCTGGATCTGG

NEK6 F: TGGACAGGAAGACAGTGGCTCTG
R: GGGTGGTTCAGTTGCTTCAAGAGG

NEK7 F: TGAGGAGGAGAGCCCACAAACC
R: GCCTCGTTTCCTGACCGTAATCC

NEK8 F: GTCTCTTGAAGTCACCTGCCAGTC
R: ACAAAGCCATCACTCACTGAATCCC

NEK9 F: AGATGAGGAGGACACGGACTTTGAG
R: GCCATCCAGCTCGCTTCTTCAG

NEK10 F: TTGTGAAGGAGGGGATCTGGCTAG
R: ACCATCACTTCGTCTGTGGCATTC

NEK11 F: CGAGCCGAAGGACATATGGGAATC
R: TTGCCTCAGTCTTGCCAGATAAACC
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databases (Gao et al., 2013). We utilized the cBioPortal database to
investigate the mutation frequency and form of NEK mutations.

STRING
STRING 11.0 (https://string-db.org/) is a database of protein
interactions to analyze direct and indirect interactions between
known and predicted proteins and provide gene ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes (KEGG)
enrichment results (Szklarczyk et al., 2021). This study analyzed
the interaction between NEKs and protein using the STRING 11.0
database with the minimum required interaction score set as 0.05.

GeneMANIA
GeneMANIA (http://www.genemania.org) is a website that provides
genetic information and prioritizes genes for functional analysis with

highly accurate prediction algorithms and predicts the relationships
between genes and their similar genes (Warde-Farley et al., 2010;
Franz et al., 2018). We used the GeneMANIA website to search and
classify the interactions between NEKs and their adjacent genes.

WebGestalt
WebGestalt is a free online site that focuses on enrichment analysis,
supports a variety of enrichment analysis algorithms, and covers a
detailed database of functional annotations. In this study, GO and
KEGG enrichment analysis and functional annotation were
conducted for the screened genes by using theWebGestalt database.

Statistical Analysis
The difference in NEKs mRNA expression was examined by
using the t-test, Kaplan–Meier survival was tested by using the

FIGURE 1 | The mRNA expression levels of NEK family members in distinct tumor types. The graphs generated from the UALCAN database show the numbers of
datasets with the statistically significant expression level of the NEK family in BC tissues and normal breast tissues. **p < 0.01, ns: no statistically significant (A–K)
represents NEK family members NEK1–NEK11.
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log-rank test in the UALCAN database, and Pearson correlation
analysis was used to analyze the genes co-expressed with NEKs.
All database analyses proved that the difference was statistically
significant (p < 0.05).

RESULTS

The mRNAs Expression Levels of
NEK1–NEK11 in Breast Cancer Patients and
Cell Lines
The mRNAs expression of the NEK gene family in BC and
normal tissues were investigated by using the UALCAN
database. NEK2, NEK4, NEK5, NEK6, NEK8, and NEK11
were highly expressed in BC, and NEK1, NEK3, NEK7,

NEK9, and NEK10 were highly expressed in healthy breast
tissues (Figure 1). Subsequently, we utilized the GEPIA2
database to contrast the expression levels of NEK1–NEK11 in
BC and normal breast tissues again. The results of the GEPIA2
database were roughly the same as those of the UALCAN
database (Figure 2). Our study confirmed that the expression
level of NEK2 was significantly higher in four kinds of breast
cancer than in MCF-10A. The expression level of NEK6 in
breast cancer cells (MCF-7 and SK-BR-3) was higher than that
in normal breast epithelial cells in MCF-10A, and the expression
level of NEK8 and NEK11 was higher than that in normal
epithelial cells in MCF-7 (p < 0.01). The expression level of other
NEK family members is shown in Figure 3. These results
suggest that the high expression of NEK2, NEK4, NEK5,
NEK6, NEK8, and NEK11 genes may be involved in the
development of BC.

FIGURE 2 | The expression level of the NEK family in BC compared with the normal. The graphs generated from the GEPIA database show the comparison of the
NEK family gene expression between BC tissues (BRCA) (n = 1,085) and normal breast tissues (n = 291), *p < 0.05. Tumor tissues are shown in red, and normal tissues
are shown in gray. (A–K) represents NEK family members NEK1–NEK11.
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FIGURE 3 |Relative NEK family members’mRNA levels in breast cancer cell lines quantified by real-time PCR. (A)NEK1; (B)NEK2; (C)NEK3; (D)NEK4; (E)NEK5;
(F) NEK6; (G)NEK7; (H)NEK8; (I)NEK9; (G)NEK10; and (K) NEK11. The experiments were repeated three times. *p < 0.05, **p < 0.01, ***p < 0.001, ns: no statistically
significant.
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Analysis of Protein Expression of the
NIMA-Related Kinase Gene Family in Breast
Cancer
In order to study the protein level of the NEK gene family in BC
tissues, we demonstrated the difference in the expression of NEK
family protein in BC and normal breast tissues through the HPA
database. As demonstrated in Figure 4, the expressions of NEK1,
NEK3, NEK5, and NEK9 proteins in BC tissues were higher than
those in normal breast tissues. The expression of the NEK4
protein in BC tissues was lower than that in normal breast
tissues. NEK2, NEK6, NEK7, NEK8, NEK10, and NEK11
protein expressions were not significantly different between
BC tissues and normal breast tissues.

The Transcription Level of the
NIMA-Related Kinase Gene Family Was
Significantly Related to the Molecular
Subtype and Tumor Stage of Breast Cancer
We further envisaged whether the transcriptional level of the
NEK gene family was connected to the molecular subtypes and
staging of BC after exploring the expression pattern of the NEK
gene family in BC. To find out, we analyzed the data from the
GEPIA2 and UALCAN databases, which are based on the TCGA
database. As shown in Figure 5, most NEK gene families were

highly expressed in luminal BC, including NEK1, NEK3, NEK4,
NEK5, NEK7, NEK8, NEK9, NEK10, and NEK11. However,
NEK6 was highly expressed in Her2+BC, and NEK2 was
highly expressed in triple-negative BC. The expressions of
NEK2, NEK6, and NEK10 were significantly correlated with
BC (p < 0.05), while there was no difference in other NEK
family genes (Figure 6).

Role of the NIMA-Related Kinase Gene
Family in the Prognosis of Breast Cancer
Patients
In order to further understand the relationship about the
expression level of tge NEK gene family with the OS, disease-
free survival (DFS), distant metastasis-free survival (DMFS), and
post-progression survival (PPS) in BC patients, the expression
profile and clinical data of BC patients in the database were
analyzed with the online Kaplan–Meier Plotter tool. As shown in
Figure 7, high expression of NEK1, NEK3, NEK8, NEK9, NEK10,
and NEK11 and low expression of NEK6 were positively
correlated with the RFS of BC patients (p < 0.05). The high
expression of NEK10 and NEK11 and low expression of NEK2
were positively correlated with the OS of BC patients (p < 0.05).
The high expression of NEK1, NEK10, and NEK11 and low
expression of NEK2 and NEK6 were positively correlated with the
DMFS of BC patients (p < 0.05). Besides, the low expression of

FIGURE 4 | Representative immunohistochemical images of NEKs in normal breast tissues and BC tissues (HPA Database) (200 µm).
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NEK6 was positively correlated with the PPS of BC patients
(p < 0.05).

Genetic Alterations of the NIMA-Related
Kinase Gene Family in Breast Cancer
The cBioPortal database was used to analyze the frequency and
types of gene changes in the NEK gene family in 996 BC patients.
As shown in Figure 8A, the variation rates of NEK 2 and NEK 7
genes were 8%, which is the highest in the NEK gene family. The
variation rate of the NEK 4 gene was 0.4%, which is the lowest in
the NEK gene family. In 996 BC samples, 213 patients had genetic
variation in NEK genes, with a total variation rate of 33.4%. The
main types of genetic variation in NEK family members include
gene mutation, gene amplification, and gene-deep deletion. The

mutation types of NEK2, NEK7, and NEK8 are mainly gene
amplification (Figure 8B).

Functional and Pathway Enrichment
Analysis of NIMA-Related Kinase Gene
Family-Related Molecules
The interaction between NEK gene family proteins was analyzed
using the STRING 11.0 database. The NEK gene family was closely
co-expressed (Figure 9A). We analyzed potential interaction
partners with the NEK gene family with the WebGestalt
database. ANKS3, EML4, CTNNAL1, SLC25A4, CEP250,
WWTR1, ERCC6L2, CDK13, CSN2, ZNF350, CFAP410, TEKT4,
PLK4, VSP26B, PRLR, ANKS6, ARHGAP33, DYNLL1, BLM, and
VTN were closely associated with the NEK gene family by using the

FIGURE 5 | The correlation between the NEK family expression andmolecular subtype in BC patients. The graphs produced by using the UALCAN database show
the expression of NEK family genes in different molecular subtyping of BC. Normal tissues are shown in red, luminal types are shown in orange, Her2-positive types are
shown in green, and triple-negative types are shown in brown. (A–K) represents NEK family members NEK1–NEK11. Breast cancer cell lines MCF-7, SK-BR-3, and
MDA-MB-231 were compared with the normal epithelial cell MCF-10A, and then Student’ t test statistics were conducted. *p < 0.05, **p < 0.01, ns: no statistically
significant.
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GeneMANIA website (Figure 9B). The WebGestalt database was
used for GO and KEGG functional enrichment analysis of the above
20 genes related to the NEK gene family. GO analysis results showed
that biological processes were concentrated in biological regulation,
metabolic process, cellular component organization, and response to
stimulus and developmental processes. The cell components were
mainly concentrated in the nucleus, cytoskeleton, cytosol, protein-
containing complex, andmembrane-enclosed lumen. Themolecular
functional (MF) modules were mainly enriched in protein binding,
ion binding, nucleotide binding, and transferase activity. The KEGG
analysis results weremainly enriched in the hippo signaling pathway,
prolactin signaling pathway, homologous recombination,
vasopressin-regulated water reabsorption, and Fanconi anemia
pathway.

Correlation Between the NIMA-Related
KinaseGene Family and Tumor ImmuneCell
Infiltration
Immune cell infiltration is an integral part of the tumor
microenvironment and an independent indicator of prognosis

and lymph node metastasis. The correlation analysis of NEK and
common immune cells in BC in the TIMER2.0 database is shown
in Figure 9. Except for the expression level of NEK2, NEK3, and
NEK8, the expression level of other NEK family genes were
positively correlated with the number of CD8+ cells. Except
for NEK2, the expression level of other NEK family genes
were positively correlated with the number of CD4+ cells. The
expression level of NEK8 was positively correlated with the
number of B cells; the expression level of NEK1, NEK3,
NEK4, NEK7, and NEK9 was negatively correlated with the
number of B cells; the expression level of other NEK family
genes was not correlated with the number of B cells. The
expression level of NEK2, NEK3, NEK4, NEK6, and NEK7
was positively correlated with the number of neutrophils,
while the expression level of NEK1, NEK5, NEK8, NEK10,
and NEK11 was negatively correlated with the number of
neutrophils. Except for NEK2, NEK6, and NEK7, the
expression level of other NEK genes was negatively correlated
with the number of macrophages. The expression level of NEK3
and NEK6 was positively correlated with the number of dendritic
cells; the expression level of NEK4, NEK5, NEK8, NEK9, NEK10,

FIGURE 6 | The correlation between the NEK family expression and clinical stage of BC patients. The graphs generated by using the GEPIA database show the
expression of NEK family genes in different tumor stages of BC. (A–K) represents NEK family members NEK1–NEK11.
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and NEK11 was negatively correlated with the number of
dendritic cells; the expression level of NEK1, NEK2, and
NEK7 was not correlated with the number of dendritic cells
(Figure 10, p < 0.05). These results indicated that the NEK gene
family is important for regulating immune cells in BC.

DISCUSSION

With the rapid development of medicine, bioinformatics, as a
newmethod to promote medical progress (Oulas et al., 2019), can
quickly determine the key tumor treatment targets based on large
sample sequencing data. BC has become one of the highest
malignant tumors globally and poses great challenges to
women’s health. Although predecessors have accumulated
many research results, the molecular mechanism of its
occurrence and development is still unclear. The prognosis of
BC depends on its clinical diagnosis stage. It is significant to find
markers related to the occurrence, development, and prognosis of
BC and study its molecular mechanism. It is also necessary to
explore more BC-related molecular targets to provide a new
direction for the future treatment of BC.

The formation of the tumor is a process involving multiple
genes, multiple pathways, and multiple molecules (Karki and
Kanneganti, 2019), caused by the joint action of genetic and
environmental factors. The abnormal expression of cell cycle
kinases will cause acceleration of the cell cycle and over-
proliferation, further leading to the occurrence of tumors
(Malumbres and Barbacid, 2007).

The NEK was first discovered in the study of mitotic mutants
of Aspergillus nidulans (Oakley and Morris, 1983). All 11
members in the NEK family have similar amino-catalytic
region gene sequences with NIMA, which are different due to
the length of the carboxyl terminal. NIMA-associated PKs are
known as the third family of mitotic enzymes. Related enzymes in
the NEK family, together with the Aurora family and PLK family,
participate in and regulate a series of events after cyclin-
dependent PK 1 activation during mitosis. The NEK family
can regulate the formation and function of microtubules,
which is related to the centrosome, and then affect the
formation and function of cilia and spindle with microtubules
as the main component and regulate the cell cycle. In recent years,
NEK family genes have been found to be involved in the
regulation of cell mitosis and have been called the third family
of mitases. In many malignant tumors, abnormal expression of
NEK protein will lead to abnormal regulation of the whole cell
cycle, resulting in abnormal cell proliferation and the occurrence
and development of tumors.

NEK2, NEK4, NEK5, NEK6, NEK8, and NEK11 were highly
expressed in BC based on the UALCAN and GEPIA2 databases.

FIGURE 7 | The prognostic significances of NEK family gene expression
in BC patients. The curves generated by using the KM plotter database show
the prognostic value of NEK family genes. The assessments include RFS, OS,

(Continued )

FIGURE 7 | DMFS, and PPS. The high expression is shown in red curves, and
the low expression is shown in black curves. The log-rank test is
displayed in the upper right corner of every graph.
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High expression of these genes predicted a worse prognosis,
suggesting that these genes could act as oncogenic genes in BC
and novel biomarkers for predicting potential prognostic values
and therapeutic targets of BC patients.

Many studies have shown that NEK2 is found in many human
cancers, including non-small cell lung cancer (Zhong et al., 2014a;
Zhong et al., 2014b), myeloma (Zhou et al., 2013), ovarian cancer
(Liu et al., 2014), BC (Lee and Gollahon, 2013a; Lee and Gollahon,
2013b), prostate cancer (Zeng et al., 2015), colorectal cancer (Neal
et al., 2014), malignant peripheral nerve sheath tumor (Stricker
et al., 2013), and pancreatic ductal adenocarcinoma (Ning et al.,
2014). The expression of NEK2 in tumor tissues was higher than
that in healthy tissues. Moreover, Gangga Anuraga et al. revealed
that NEK2 is involved in immune infiltration and may serve as a
prognostic biomarker for breast cancer progression (Anuraga
et al., 2021). Therefore, it may be considered that the increased
expression of NEK2 in most human tumors is a common
phenomenon. Besides, the abnormal expression of NEK2 will
cause chromosome instability and aneuploidy, which are the
most common phenomena in tumor cells. We preliminarily
believed that high expression of NEK2 might be critical for
the occurrence and development of tumors.

High expression of NEK3 usually predicts a poor prognosis of
thyroid cancer (Melo-Hanchuk et al., 2020). NEK3 was highly
expressed in normal breast tissues in this study, indicating a better

RFS of BC. Ding et al. have demonstrated that NEK4 regulates
EMT through Smads and ZEB1 to promote the occurrence and
metastasis of lung cancer (Ding et al., 2018). In this study, NEK4
was highly expressed in BC tissues. The NEK5 gene has been
reported to regulate prostate cancer (Nikitina et al., 2017) and BC
(Pei et al., 2019). NEK5 promotes myogenic differentiation by up-
regulating caspase-3 activity (Shimizu and Sawasaki, 2013).
NEK5 is engaged in cell death and cell respiration (Melo
Hanchuk et al., 2015). We found that NEK5 was highly
expressed in BC tissues.

In recent years, NEK6 has been involved in the occurrence and
development of many tumors, and its expression level has been
significantly up-regulated in solid tumors (Jee et al., 2013). In this
study, NEK6 was highly expressed in Her2+BC tissues and
significantly correlated with the tumor stage, indicating poor
RFS, DFS, and PPS of BC.

Sharif et al. have demonstrated that high expression of NEK7
is involved in the development of BC by activating NLRP3
inflammasomes (Sharif et al., 2019). We found that NEK7 was
highly expressed in luminal BC tissues without the association
with the stage and prognosis of BC.

Few studies have reported that NEK8 is related to the
occurrence and development of tumors (Fry et al., 2012). Most
of the relevant studies on NEK8 focus on its relationship with
cystic nephropathy. Bowers et al. found that the expression of

FIGURE 8 |Genetic alterations and correlation analysis of NEK family members in BC. (A) summary of alteration rates for NEK family in BC (cBioPortal); (B)Genetic
alteration frequency data of NEK family members in BC using cBioPortal.
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NEK8 in normal breast tissues was significantly lower than that in
BC tissues (Bowers and Boylan et al., 2004). We found that NEK8
was highly expressed in luminal BC tissues, showing better a RFS
of BC patients.

Studies have shown that NEK9 mediates the localization and
recruitment of kinesin MKLP 2 and KIF14 related to cytokinesis
(Cullati et al., 2017). In this study, NEK9 was highly expressed in
luminal BC tissues, indicating a better RFS of BC.

NEK10 can promote the activation of MEK1, resulting in G2/M
phase arrest and ERK1/2 phosphorylation. Knockdown of the

human NEK10 gene can inhibit the phosphorylation of MEK1
and ERK1/2 (Moniz and Stambolic, 2011). We found that NEK10
was highly expressed in luminal BC tissues, significantly correlated
with tumor stages, indicating a better RFS, OS, and DMFS of BC.

NEK11 is related to DNA damage response and DNA damage
response checkpoint regulation in the G2/M phase (Noguchi
et al., 2002). In this study, NEK11 was highly expressed in luminal
BC tissues, showing a better RFS, OS, and DMFS of BC.

The occurrence and development of the tumor are complex in
nature, including heterogeneous cellular components and the

FIGURE 9 | Predicted functions and pathways of the relevant molecules of the NEK gene family. (A) protein–protein interaction (PPI) of the 20 co-expressed genes
of the NEK gene family in BC (STRING); (B) protein–protein interaction network of the NEK gene family (GeneMANIA); (C) GO functional enrichment analysis of relevant
biological processes, cellular components, andmolecular functions of the NEK gene family (WebGestalt); and (D)KEGG pathway analysis of the relevant signal pathways
of the NEK gene family (WebGestalt).
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tumor immune microenvironment. Cell–cell interaction and
cell–extracellular matrix interaction are important for different
tumorigenesis, development, and metastasis stages. In this study,
NEK2 and NEK7 had the highest mutation frequency in the NEK
gene family. This study further expanded our understanding of
the role of the NEK family in the occurrence and development of
BC by conducting functional and pathway enrichment analysis of
genes related to the NEK family in screened BC patients. The
TIMER2.0 database analysis showed that NEK family gene

expression was correlated with B cells, CD8 + T cells, CD4 +
T cells, neutrophils, dendritic cells, and immune infiltration level
of macrophages, suggesting that NEK family genes may
participate in the immunity of BC cells.

This study also has some shortcomings. For example, we
have not fully explained targeted drug screening related to the
NEK family. The connectivity map (CMAP) is developed
jointly by using the databases of Harvard University and
the Massachusetts Institute of Technology. CMAP is a
database that studies the chemical structure of drugs
through the ratio of gene expression data, similar to
finding drugs and their induction and the possible
mechanism of drug molecules (Subramanian et al., 2017;
Wang et al., 2020; Wang et al., 2021). In the future, we will
perform relevant and targeted therapeutic drug screening
based on different characteristics of NEK family members
in this database.

In summary, based on the above open-access database and our
experimental data, we revealed that not only NEK2 was highly
expressed in breast cancer and correlated with prognosis, but also
the expression level of NEK6, NEK8, and NEK11 were
significantly correlated with molecular subtypes and prognosis
of breast cancer, which are potential prognostic markers and new
therapeutic targets. This study is the first to analyze the
expression and prognosis of the NEK gene family in BC,
laying a foundation for further research on the molecular
mechanism of BC.
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