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Abstract: The NDC8O0 (nuclear division cycle 80) complex takes part in chromosome segregation by forming an outer
kinetochore and providing a platform for the interaction between chromosomes and microtubules, thus impacting
the progression of mitosis and the cell cycle. The clinical significance of its components, NDC80, nuf2, spc24, and
spc25, were widely explored in various malignancies respectively, yet seldom were they studied from the perspec-
tive of a complex. This paper explores the clinical importance of the NDC80 kinetochore complex components
in terms of their expression level, prognostic value, and therapeutic potential in HCC (hepatocellular carcinoma)
patients. With the data from several paired HCC samples from Nanfang Hospital, HCC patients from the TCGA da-
tabase and other cases from GSE89377, we analyzed the expression levels of the NDC80 complex components,
NDC80/nuf2/spc24/spc25, along with the survival data as well as other clinical features using statistical methods
and GSEA. The study found that a high expression of NDC80 complex predicts poor survival, and these components

have the potential to be used as therapeutic targets.
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Introduction

The NDC80 kinetochore complex forms the
outer kinetochore to interact with microtubules,
therefore assuring proper chromosome segre-
gation during the progression of the cell cycle
[1]. The complex has four components: NDC80
(Hecl, Highly Expressed in Cancer Protein),
nuf2 (CDCA1), spc24 (Spindle Pole Body
Component 24 Homolog) and spc25 (Spindle
Pole Body Component 25 Homolog). Aberrant
expression or additional configuration [2] of
these components got the attention of scholars
due to the importance of the cell cycle in cell
proliferation. It is well-documented that mis-
regulated NDC80, nuf2, spc24, and spc25 con-
tribute to the unchained proliferation, invasion,
and restrained apoptosis [3-6], their expres-
sion thus linking extensively to poor prognosis
in various tumors [7, 8]. Moreover, siRNA target-
ing of the four components prohibited cell pro-
liferation and increased apoptosis in gastric
and colorectal cancers [9, 10], and an RNA

interfering screen also revealed the therapeutic
potential of targeting NDC80 and nuf2 [10, 11].
The tumorigenicity of spc24 has been con-
firmed, and the knockdown of spc24 represses
tumor growth and invasion but increased cell
apoptosis in anaplastic thyroid cancer [12].
Apart from malignancies, NDC80 has also been
reported to be involved in autoimmune diseas-
es like type 1 diabetes [13], and the diagnostic
importance of spc25 has been shown in
Alzheimer’s disease [14]. Thus, efforts explor-
ing the functions and mechanisms of NDC80’s
components are of great significance.

Hepatocellular carcinoma (HCC) ranks as the
fifth most common cancer [15] and contributes
to more than 500,000 cancer-related deaths
worldwide every year [16]. Because of the can-
cer’s highly proliferative and invasive features,
most HCC patients merely receive an unsatis-
factory curative effect from their hepatecto-
mies, TACE or other therapies [17, 18]. Several
studies have reported the significance of the
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NDC80 kinetochore complex in the develop-
ment and regression of HCC [3, 19-21], while
further studies are still required for comprehen-
sive understanding of their clinical relevance
and therapeutic value. NDC80 components
assemble the outer kinetochore, which medi-
ates the interaction between chromosomes
and microtubules. Thus, the four components,
NDC80, nuf2, spc24, and spc25 should be a
structural and functional macrocosm, yet they
seldom are analyzed collectively [22].

Hence, we aimed to elucidate the clinical mean-
ing of the expression of the NDC80 complex
and discuss its molecular mechanisms to offer
a strategy for exploiting their possible thera-
peutic implications.

Material and methods
Patients and tissues

The experimental design of the current study
has been reviewed and approved by the Ethics
Committee of Nangfang Hospital, Southern
Medical University (Guangzhou, China). Patients
enrolled in the study did not receive any anti-
cancer treatments before surgery, and the
specimens were collected between January
and December 2015. Informed consents were
provided by all patients eligible for the collec-
tion of HCC and adjacent non-tumor liver
specimens.

Data source

Data from the 354 HCC patients were obtained
from the TCGA dataset to compare their differ-
ent expressions of NDC80, nuf2, spc24, and
spc25. The data comprise follow-up informa-
tion and genome-wide expression profiles of
these patients for phenotype investigation.
Patients with available data on their NDC80/
nuf2/spc24/spc25 expression and clinical
information were included in the current study.
The expression profiles of the tumor tissues
from 354 patients and 50 adjacent liver tis-
sues were obtained. Taking NDC80 as an exam-
ple, the 354 patients were divided into two
groups, the NDC8O0 high group and the NDC80
low group, according to NDC80 expression level
with the median expression level of NDC80 as
the cutoff. Patients with NDC80 expression
below the median were classified as the low
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NDC80 group and the rest as the high NDC80
group, with 177 cases in each group.

The GSE89377 dataset (https://www.ncbi.nim.
nih.gov/geo/geo2r/?acc=GSE89377) was do-
wnloaded from the GEO website, and the co-
hort contains 108 cases in total, including 13
healthy people, 9 patients with low-grade
chronic hepatitis, 12 with high-grade chronic
hepatitis, 12 with cirrhosis, 11 with low-graded
dysplastic nodules, 11 with high-graded dys-
plastic nodules, 5 with early HCC, 9 with Stage
I HCC, 12 with Stage Il HCC and 14 with Stage
Il HCC. The analysis of the data was performed
based on the platform GPL6947 (https://www.
ncbi.nim.nih.gov/geo/query/acc.cgi?acc=GPL-
6947).

The gene set enrichment analysis (GSEA)

The gene set enrichment analysis (GSEA) was
used to screen gene sets or pathways that are
associated with the expression of the interest-
ed genes, NDC80, nuf2, spc24, and spc25 in
the TCGA dataset. Taking NDC80 as example,
the patients were divided into 4 groups with the
quantiles of the expression levels of NDC80
and the top and bottom quarter cases were
included into the GSEA input as the groups
NDC80_high and NDC8O_low. The enrichment
results were generated by GSEA software
through analysis, annotation and interpreta-
tion. The gene sets with the most members
showing a positive relation to the NDC80
expression were termed associated with
NDC80. The significance threshold was set
at P<0.05.

RNA extraction, cDNA synthesis and RT-gPCR
analysis

The total RNA of HCC and non-tumor adjacent
liver tissues was extracted using the TRIzol®
reagent (Invitrogen; Thermo Fisher Scientific,
Inc., Waltham, MA, USA), according to the man-
ufacturer’s protocol. cDNA synthesis was per-
formed using the PrimeScrip™ RT Reagent Kit
strictly according to the protocol offered by
Takara Biotechnology Co., Ltd., Dalian, China.
First, genomic DNA were removed using the
DNA Eraser and the corresponding buffer and
minimal volume of the sample were subjected
to a NanoDrop® spectrophotometer (Thermo
Fisher Scientific, Inc.) to measure the quality
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and concentration of total RNA. The RNA was
then transcribed into cDNA using a Primer mix
RT kit (Takara Biotechnology Co., Ltd.) in a 20 ul
reaction volume with 1 yg RNA. Subsequently,
amplification reactions were performed using a
SYBR Green PCR kit from Takara Biotechnology
Co., Ltd., using the following primers: NDC80
sense, 5-ATCAAGG ACCCGAGACCACT-3’, and
anti-sense, 5-GTGCAAAAGGATACCCAAGGT-3’;
nuf2 sense, 5-GAAGGAAGCCTGCAGACAGA-3’,
and anti-sense, 5-GCAAGACTTCAGGCTTTGG-
A-3’; spc24 sense, 5-CTGCGAGAGATCCTCAC-
CAT-3’, and anti-sense, 5-TTGTGACTGTCGTG-
TCCTCG-3’; spc25 sense, 5-TACGGACACCTC-
CTGTCAGA-3’, and anti-sense, 5-GGGCACTAT-
CTGACACTTCAT-3’; GAPDH sense, 5-GACAGT-
CAGCCGCATCTTCT-3’, and anti-sense, 5-AA-
ATGAGCCCCAGCCTTCTC. GAPDH was amplified
as an internal control. Gene-specific amplifica-
tion was performed using a LightCycler® 480
Instrument Il (Roche Diagnostics, Basel,
Switzerland). The specific conditions for the
gPCR reaction were as follows: Preliminary
denaturation at 95°C for 30 seconds, followed
by 40 cycles of 95°C for 5 seconds, and 60°C
for 20 seconds. A melting curve analysis of the
PCR products was used to assess the specific-
ity of amplification. Fold changes were calcu-
lated using the relative quantification (2:244¢9)
method.

Statistical analysis

All statistical analyses were performed using
SPSS 20.0 software (IBM, Chicago, IL, USA).
The results were reported as the mean tstan-
dard deviation (SD). Student’s t-test for inde-
pendent samples was used to compare the two
groups; for example, the different expression
levels of NDC80, nuf2, spc24, and spc25 in the
HCC samples and in the normal liver tissues.
Student’s t-test for paired samples was applied
to compare the expression level of NDC80,
nuf2, spc24, and spc25 in HCC and in the adja-
cent non-tumor liver tissues. A log-rank based
survival analysis was applied in the comparison
of overall survival (OS) or disease-free (DFS)
time between the high and low NDC80/nuf2/
spc24/spc25 groups. A Cox proportional haz-
ardous model was used for univariate and mul-
tivariate analysis in evaluating the prognostic
significance of NDC80/nuf2/spc24/spc25 ex-
pression and other factors. All figures were
generated by Graphpad Prism.
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Results

Components of NDC80 complex are overex-
pressed in HCC

The NDC80 complex is composed of four com-
ponents: NDC80, nuf2, spc24 and spc25. In
order to determine the expression levels of
these components in HCC, we analyzed the
data of the HCC patients obtained from The
Cancer Genome Atlas (TCGA) database and
found that all of them were notably overex-
pressed in HCC as compared with non-tumor
hepatic tissues (P < 0.001, Figure 1A). Also, we
detected the expression of these components
in HCC and in the adjacent normal liver tissues
and found notable overexpressions of NDC80
and nuf2 in the tumor lesions while spc24 and
spc25 showed little difference between the
tumor and non-tumor tissues, probably due to
the sample size of the detection (Figure 1B).
Further, the gradual upregulation of NDCS8O0,
nuf2, spc24 and spc25 was manifested in a
GEO dataset (GSE89377) (Figure 1C) and an
increased expression of these components
between tumor and non-tumor groups was also
found with significance. Next, we examined the
co-expression of these components in the
TCGA cohort by crossing the high expression
groups of each gene, and their intersections
were manifested in a Venn diagram (Figure 1D).
In the total cohort of 354 HCC patients from the
TCGA database, 202 patients showed simulta-
neously high expression of the four compo-
nents, yet hardly any were overexpressed indi-
vidually. Interestingly, spc24 co-overexpressed
with nuf2 and spc25 but not NDC80. The
NDC80 components possess a different affini-
ty to each other and accordingly form two sub-
complexes, NDC80-nuf2 and spc24-spc25
[23]. The protruding upregulation of spc24 indi-
cated another configuration of these compo-
nents or an additional function of spc24 which
required further investigation.

Upregulation of NDC80, nuf2, spc24 and
spc25 was correlated with malignant pheno-
types of HCC

Next, the relationship of the NDC80 complex
expression and the clinicopathological features
was investigated. Firstly, the upregulation of
the four components was more commonly seen
in patients with higher pathological degrees (P
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Figure 1. Comparison of NDC80/nuf2/spc24/spc25 expression between HCC samples and normal liver tissues from TCGA. A. In TCGA cohort, (a) NDC80, (b) nuf2,
(c) spc24 and (d) spc25 were upregulated in HCC (n=354) than non-tumor liver tissues (n=50) as determined by Student’s t-test. *P < 0.05 and ***P < 0.001. B.
The expression of (a) NDC80 (n=8), (b) nuf2 (n=8), (c) spc24 (n=9), and (d) spc25 (n=9) in HCC and adjacent non-tumor tissues were compared by Student's’ t-test
for paired samples. C. The expression of (a) NDC80, (b) nuf2, (c) spc24, and (d) spc25 in GSE89377 cohort (n=108). N-normal (n=13), FL-chronic hepatitis with low
grade (n=8), FH- chronic hepatitis with high grade (n=12), CS-cirrhosis (n=12), DL-dysplastic nodules with low grade (n=11), DH-dysplastic nodules with high grade
(n=11), eHCC-early HCC (n=5), TG1/2/3-HCC (n=9, 12, 14). D. Venn diagram exhibiting the number of TCGA HCC patients where a specific gene was overexpressed
or given genes were upregulated at the same time. Among 354 cases from the TCGA database, 22 patients showed simultaneously low expression of the four
NDC80 components. *P < 0.05 and **P < 0.01.
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Figure 2. The association between NDC80/nuf2/spc24/spc25 expression and malignant phenotypes. A. Different expression levels of (a) NDC80, (b) nuf2, (c)
spc24, and (d) spc24 in patients with lower (I+1l, n=234) and higher (llI+IV, n=50) pathological degrees. B. Different expression levels of (a) NDC80, (b) nuf2, (c)
spc24, and (d) spc24 in HCC patients (n=287) with (n=99) or without (n=188) a thrombus. The total of 354 patients from TCGA were included in the analysis, but
the thrombus data were only available for 287 of the patients. *P < 0.05 and **P < 0.01.
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Figure 3. The association between NDC80/nuf2/spc24/spc25 expression and the poor prognosis of HCC patients. A. Shortened overall survival time for patients
overexpressing (a) NDC8O0, (b) nuf2, (c) spc24 or (d) spc25 as compared with patients expressing low NDC80, nuf2, spc24 and spc25. B. Patients overexpressing
(a) NDC8O, (b) nuf2, (c) spc24 or (d) spc25 showed reduced disease-free time as compared with patients expressing low NDC80, nuf2, spc24 and spc25. C. (a)
NDC8O0, (b) nuf2 and (c) spc25 presented negative associations with a gene set enriched for HCC survival. D. Patients from the TCGA database were grouped based
on whether the patient developed a recrudescent HCC lesion or not. Patients found with a recurrence (n=106) showed a higher level of NDC80, nuf2, spc24, and
spc25 than those undiscovered (n=37). *P < 0.05 and **P < 0.01.
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Table 1. Correlation between NDC80, nuf2, spc24 and spc25 expression and HCC clinicopathological
features in the TCGA liver cancer cohort

Univariate analysis

Multivariate analysis

Variates
HR 95% ClI P-value HR 95% Cl P-value
NDC80 1.376 1.111-1.705 1.111-1.705
Nuf2 1.575 1.268-1.957 1.268-1.957 1.745 1.205-2.528 0.003?
Spc24 1.253 1.012-1.550 1.012-1.550
Spc25 1.347 1.088-1.667 1.088-1.667
Age 0.953 0.769-1.181 0.769-1.181
Stage 0.811 0.645-1.019 0.645-1.019
Micro-invasiveness 1.209 0.946-1.544 0.946-1.544

aValue indicates a statistically significant difference. HR, hazard radio; Cl, confidence interval. Univariate analysis and multivari-

ate Cox regression.

< 0.05, Figure 2A). Secondly, patients with a
microthrombus expressed a higher level of
NDC80, nuf2, spc24 and spc25 (P < 0.05,
Figure 2B). While the microthrombus manifests
invasion and migration of cancer cells from the
tumor lesion to the adjacent vasculature and
unaffected tissues, a high pathological degree
is more directly linked to poor prognosis. Hence,
these data suggested the association of
NDC80/nuf2/spc24/spc25 expression with
HCC malignancy.

Upregulation of NDC80, nuf2, spc24 and
spc25 was correlated with poor prognosis of
HCC patients

Given that NDC80, nuf2, spc24 and spc25
were universally upregulated in HCC and their
association with unfavorable clinical features,
we sought to investigate if the upregulation of
these components had any impact on the out-
come of HCC patients. According to the TCGA
samples, the upregulation of the four compo-
nents correlated positively with shorter overall
survival respectively (P < 0.05, Figure 3A).
Furthermore, NDC80, nuf2, and spc25 upregu-
lation were associated with a poor living stan-
dard as shown by shortened disease-free sur-
vival (P < 0.01, Figure 3B). Also, GSEA revealed
the association between the expression of the
four components and genes relating to liver
cancer survival (P < 0.01, Figure 3C, data not
shown for spc24). On the other hand, patients
expressing higher levels of the four compo-
nents were more inclined to the recurrence of
liver cancer (P < 0.05, Figure 3D). A univariate
analysis recognized NDCS8O0, nuf2, spc24, and
spc25 as hazardous factors for the survival of
HCC patients, while a multivariate analysis fur-
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ther confirmed the prognostic value of the
expression of nuf2 (Table 1).

GSEA revealed the significant roles of NDC80O
complex in cell cycle, migration and prolifera-
tion

Since the overexpression of the NDC80 com-
plex components was related to the malignant
phenotypes and poor prognosis in HCC
patients, we thus wondered about the mecha-
nism underlying their clinical significance. Gene
set enrichment analysis (GSEA) of HCC patients’
data obtained from TCGA demonstrated a
strong association between the expression of
NDC80 complex components and the cell
cycle-related genes (Figure 4A). Accordingly,
patients with high NDC80 complex expression
manifested enrichment for DNA replication-
related genes (Figure 4B, data not shown for
spc25). Moreover, NDC80, nuf2, and spc25
showed a strong correlation with the prolifera-
tion gene cluster (Figure 4C). Meanwhile, a
STRING analysis confirmed the relationship of
NDCS80 with genes involved in chromatin segre-
gation and mitosis (Figure 4D). In another
aspect, EMT-related genes were also enriched
in these patients (Figure 4E), indicating the role
of the NDC80 complex in promoting the inva-
siveness of HCC.

Discussion

The aberrant expression of the NDC80 complex
components plays multiple roles in the devel-
opment and progression of HCC. Regarding
their functions in the cell cycle, their overex-
pression has been reported to promote
unlashed mitosis and proliferation. It has been

Int J Clin Exp Pathol 2019;12(4):1233-1247
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Figure 4. Further exploration into the mechanism of ndc80/nuf2/spc24/spc25 function using GSEA. A. Genes enriched for cell cycle progression presented positive
correlation with (a) ndc80, (b) nuf2, (c) spc24 and (d) spc25. B. (a) ndc80, (b) nuf2, and (c) spc24 were found associated with genes enriched for DNA replication. C.
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relevant with (a) ndc80, (b) spc24 and (c) spc25.
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previously reported that the overexpression of
NDC80 in a mouse model led to the hyperacti-
vation of the mitotic checkpoint in vitro and
tumorigenesis in vivo [24]. Upregulation of
NDC80 was also noted in different kinds of
neoplastic tissues and exerted a pro-prolifera-
tion function in these lesions, including gastric
cancer [25], prostate cancer [26], pancreatic
cancer [27], breast cancer [28], and so forth.
An increased expression of nuf2, spc24, and
spc25 was also found to correlate with promot-
ed proliferation or restored stemness of cancer
cells as well as the poor survival of patients
[29-34]. Meanwhile, targeting NDC80 compo-
nents produced therapeutic effects in several
tumors [25, 26, 35-37]. Further, NDC80 and
nuf2 were able to regulate the expression of
IncRNA (long non-coding RNA) [26, 30], indicat-
ing their potential roles beyond cell mitosis.
B-catenin is a classic moonlighting protein that
mediates cell adhesion and transcriptional acti-
vation in response to Wnt signaling [21]. In light
of this, NDC80 and nuf2 might as well function
not only as a skeleton protein but also as tran-
scription factors or the like in response to cel-
lular stimuli.

The excessive modules of the kinetochore com-
plex contribute to the instability of chromo-
somes. Overproduced NDC80 molecules break
the equilibrium of microtube-associated pro-
tein 1, resulting in improper chromosome seg-
regation and aneuploidy [38]. Chromosomes or
their segments incorporated into daughter cells
are stagnated in the cytoplasms [39]. Due to
failed DNA damage repair, the cGAS-STING
pathway could be activated in such cells, ulti-
mately leading to the apoptosis of nearby cells
[40]. Therefore, it is reasonable to infer that
cells overexpressing NDC80 components
should be sensitive to genetically toxic treat-
ments like radiation or genotoxic drugs regard-
ing the high frequency of p53, the main regula-
tor of DNA damage repair in cancer cells.
Consistently, TAI-1, a specific inhibitor of NDC80
that disrupts the interaction of NDC80 with
Nek2 where chromosome alignment is moni-
tored, showed a stronger anti-tumor potency in
the cells with p53 or RB depletion or mutation
[41]. A small molecular SM15, another NDC80-
specific inhibitor that blocks the correction of
the error in kinetochore-microtubule interac-
tion, induces apoptosis by indulging the mitosis
catastrophe [42]. However, cells resistant to
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paclitaxel showed induced NDC8O0 expression,
and NDC80 depletion rescued the sensitivity of
ovarian cancer cells to paclitaxel [43], suggest-
ing a switch between sensitive and resistant
status mediated by NDC80. Hence, further
research into the characteristics of chromo-
some instability incurred by the mis-regulated
NND8O complex is of strategic significance to
the clinical prescription. Furthermore, NDC80
inhibitors might also increase cell death
through other mechanisms, like the intrinsic
apoptosis pathway, namely the mitochondrial-
mediated apoptotic pathway, and cellular
metabolism-related cell death, like reactive
oxygen species (ROS) [42].

The upregulation of NDC80 components invo-
Ives multiple classical tumorigenesis path-
ways. NDC8O0 expression is strictly maintained
by the pRb pathway in normal cells, but only
partial degradation is observed in transformed
malignant cells [44]. A bioinformatics analysis
revealed the correlation and possible regulato-
ry relationship between EZH2 and nuf2 [28].
The Wnt/B-catenin pathway, cooperating with
PRC1 (Protein regulator of cytokinesis 1), tran-
scriptionally activates spc25 [21]. These anti-
tumor or oncogenic pathways exert different
functions on the cell cycle to restrain or boost
cell proliferation, and the NDC80 complex
stands as the ultimate carrier and a key execu-
tor of cell division. Thus, chemicals targeting
the NDC80 complex might be promising adju-
vant drugs alongside of radiotherapy or other
chemotherapies. TAI-1 and another NDC80
inhibitor, INH (N-(4-[2,4-dimethyl-phenyl]-thia-
zol-2-yl)-benzamide) are able to interfere with
the interaction between NDC80 and Nek2 [41,
45]. Aurora kinase A inhibitor structurally dis-
rupts its binding to MYC and subsequently
results in cell death [46]. Given that NDC8O0 is
also regulated by aurora kinase B during mito-
sis [47], an intertwined network monitoring cell
mitosis and apoptosis might be underlined.

In all, the present study discussed the compo-
nents of the NDC80 complex in the context of
clinical relevance and molecular function in a
comprehensive way. That is, the four compo-
nents, NDC80, nuf2, spc24 and spc25, were
investigated at the same time as a whole. The
potential value of NDC80 components, espe-
cially NDC80 (Hecl1) was highlighted in previ-
ous reports and our research.

Int J Clin Exp Pathol 2019;12(4):1233-1247



Upregulation of NDC80 complex in HCC

Acknowledgements

We would like to thank professors J. Eun and S.
Nam for sharing information regarding the
GSE89377 dataset online. The paper was care-
fully edited by Jingyuan Sun and Yang Song.
This work was supported by the National
Natural Science Foundation of China (Grant
nos. 81773008, 81672756), Guangdong
Province Universities and Colleges Pearl River
Scholar Funded Scheme (2015), and the
Natural Science Foundation of Guangdong
Province (Grant no. 2017A030311023).

Disclosure of conflict of interest
None.

Address correspondence to: Li Liu, Hepatology
Unit and Department of Infectious Diseases,
Nanfang Hospital, Southern Medical University,
1838 Guangzhou Avenue North Road, Guangzhou
510515, Guangdong, P. R. China. E-mail: liuli.
fimmu@gmail.com

References

[1]  Suzuki A, Badger BL, Haase J, Ohashi T, Erick-
son HP, Salmon ED and Bloom K. How the ki-
netochore couples microtubule force and cen-
tromere stretch to move chromosomes. Nat
Cell Biol 2016; 18: 382-392.

[2] Dhatchinamoorthy K, Mattingly M and Gerton
JL. Regulation of kinetochore configuration
during mitosis. Curr Genet 2018; 64: 1197-
1203.

[3] ZhangD, Liu E, Kang J, Yang X and Liu H. MiR-
3613-3p affects cell proliferation and cell cycle
in hepatocellular carcinoma. Oncotarget 2017;
8:93014-93028.

[4] Hayama S, Daigo Y, Kato T, Ishikawa N, Yama-
buki T, Miyamoto M, Ito T, Tsuchiya E, Kondo S
and Nakamura Y. Activation of CDCA1-KNTC2,
members of centromere protein complex, in-
volved in pulmonary carcinogenesis. Cancer
Res 2006; 66: 10339-10348.

[5] Zhang Z, Zhang G, Gao Z, Li S, Li Z, Bi J, Liu X,
Li Z and Kong C. Comprehensive analysis of
differentially expressed genes associated with
PLK1 in bladder cancer. BMC Cancer 2017; 17:
861.

[6] JuLL, Chen L, Li JH, Wang YF, Lu RJ, Bian ZL
and Shao JG. Effect of NDC80 in human hepa-
tocellular carcinoma. World J Gastroenterol
2017; 23: 3675-3683.

[7]1 Yan X, HuangL, Liu L, Qin Hand Song Z. Nucle-
ar division cycle 80 promotes malignant pro-

1245

(8]

)

(10]

(11]

[12]

[13]

(14]

[17]

(18]

gression and predicts clinical outcome in
colorectal cancer. Cancer Med 2018; 7: 420-
432.

Shiraishi T, Terada N, Zeng Y, Suyama T, Luo J,
Trock B, Kulkarni P and Getzenberg RH. Can-
cer/Testis Antigens as potential predictors of
biochemical recurrence of prostate cancer fol-
lowing radical prostatectomy. J Transl Med
2011; 9: 153.

Kaneko N, Miura K, Gu Z, Karasawa H, Ohnu-
ma S, Sasaki H, Tsukamoto N, Yokoyama S,
Yamamura A, Nagase H, Shibata C, Sasaki |
and Horii A. siRNA-mediated knockdown
against CDCA1 and KNTC2, both frequently
overexpressed in colorectal and gastric can-
cers, suppresses cell proliferation and induces
apoptosis. Biochem Biophys Res Commun
2009; 390: 1235-1240.

Linton A, Cheng YY, Griggs K, Kirschner MB,
Gattani S, Srikaran S, Chuan-Hao KS, Mc-
Caughan BC, Klebe S, van Zandwijk N and
Reid G. An RNAi-based screen reveals PLK1,
CDK1 and NDC8O0 as potential therapeutic tar-
gets in malignant pleural mesothelioma. Br J
Cancer 2014; 110: 510-519.

Sethi G, Pathak HB, Zhang H, Zhou Y, Einarson
MB, Vathipadiekal V, Gunewardena S, Birrer
MJ and Godwin AK. An RNA interference lethal-
ity screen of the human druggable genome to
identify molecular vulnerabilities in epithelial
ovarian cancer. PLoS One 2012; 7: e47086.
Yin H, Meng T, Zhou L, Chen H and Song D.
SPC24 is critical for anaplastic thyroid cancer
progression. Oncotarget 2017; 8: 21884-
21891.

Zheng Y, Liu L and Ye J. Identification of dys-
regulated modules based on network entropy
in type 1 diabetes. Exp Ther Med 2018; 15:
3211-3214.

Shim SM, Kim JH and Jeon JP. Effective litmus
gene test for monitoring the quality of blood
samples: application to Alzheimer’s disease
diagnostics. Sci Rep 2017; 7: 16848.
Karaman B, Battal B, Sari S and Verim S. Hepa-
tocellular carcinoma review: current treat-
ment, and evidence-based medicine. World J
Gastroenterol 2014; 20: 18059-18060.

Jiang HY, Chen J, Xia CC, Cao LK, Duan T and
Song B. Noninvasive imaging of hepatocellular
carcinoma: from diagnosis to prognosis. World
J Gastroenterol 2018; 24: 2348-2362.

JiR, Ren Q, Bai S, Wang Y and Zhou Y. Prognos-
tic significance of pretreatment plasma fibrino-
gen in patients with hepatocellular and pan-
creatic carcinomas: a meta-analysis. Medicine
(Baltimore) 2018; 97: €10824.

Wei WX, Yang ZS, Lu LH, Li J, Lei ZQ, Wang K,
Xia Y, Yan ZL and Shen F. Long-term survival
after partial hepatectomy for sub-stage pa-

Int J Clin Exp Pathol 2019;12(4):1233-1247


mailto:liuli.fimmu@gmail.com
mailto:liuli.fimmu@gmail.com

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

Upregulation of NDC80 complex in HCC

tients with intermediate stage hepatocellular
carcinoma. Int J Surg 2018; 56: 256-263.

Zhu P, Jin J, LiaoY, Li J, Yu XZ, Liao W and He S.
A novel prognostic biomarker SPC24 up-regu-
lated in hepatocellular carcinoma. Oncotarget
2015; 6: 41383-41397.

Ju LL, Chen L, Li JH, Wang YF, Lu RJ, Bian ZL
and Shao JG. Effect of NDC80 in human hepa-
tocellular carcinoma. World J Gastroenterol
2017; 23: 3675-3683.

Chen J, Rajasekaran M, Xia H, Zhang X, Kong
SN, Sekar K, Seshachalam VP, Deivasigamani
A, Goh BK, Ooi LL, Hong W and Hui KM. The
microtubule-associated protein PRC1 pro-
motes early recurrence of hepatocellular carci-
noma in association with the Wnt/beta-catenin
signalling pathway. GUT 2016; 65: 1522-1534.
Ciferri C, De Luca J, Monzani S, Ferrari KJ, Ris-
tic D, Wyman C, Stark H, Kilmartin J, Salmon
ED and Musacchio A. Architecture of the hu-
man NDC80-hec1 complex, a critical constitu-
ent of the outer kinetochore. J Biol Chem
2005; 280: 29088-29095.
Dhatchinamoorthy K, Mattingly M and Gerton
JL. Regulation of kinetochore configuration
during mitosis. Curr Genet 2018; 64: 1197-
1203.

Diaz-Rodriguez E, Sotillo R, Schvartzman JM
and Benezra R. Hecl overexpression hyperac-
tivates the mitotic checkpoint and induces tu-
mor formation in vivo. Proc Natl Acad Sci U S A
2008; 105: 16719-16724.

QuY, LiJ, Cai Qand Liu B. Hec1/Ndc80 is over-
expressed in human gastric cancer and regu-
lates cell growth. J Gastroenterol 2014; 49:
408-418.

Wang H, Gao X, Lu X, Wang Y, Ma C, Shi Z, Zhu
F, He B, Xu C and Sun Y. The mitotic regulator
Hecl is a critical modulator of prostate cancer
through the long non-coding RNA BX647187 in
vitro. Biosci Rep 2015; 35.

Meng QC, Wang HC, Song ZL, Shan ZZ, Yuan Z,
Zheng Q and Huang XY. Overexpression of
NDCS8O is correlated with prognosis of pancre-
atic cancer and regulates cell proliferation. Am
J Cancer Res 2015; 5: 1730-1740.

LiY, Luo M, Shi X, Lu Z, Sun S, Huang J, Chen Z
and He J. Integrated bioinformatics analysis of
chromatin regulator EZH2 in regulating mRNA
and IncRNA expression by ChIP sequencing
and RNA sequencing. Oncotarget 2016; 7:
81715-81726.

Agarwal R, Narayan J, Bhattacharyya A, Saras-
wat M and Tomar AK. Gene expression profil-
ing, pathway analysis and subtype classifica-
tion reveal molecular heterogeneity in
hepatocellular carcinoma and suggest subtype
specific therapeutic targets. Cancer Genet
2017; 216-217: 37-51.

1246

[30]

(31]

[32]

(33]

(34]

(35]

[36]

(37]

(38]

[39]

[40]

[41]

[42]

Hu P, Shangguan J and Zhang L. Downregula-
tion of NUF2 inhibits tumor growth and induc-
es apoptosis by regulating INcRNA AF339813.
Int J Clin Exp Pathol 2015; 8: 2638-2648.
Sheng J, Yin M, Sun Z, Kang X, Liu D, Jiang K,
Xu J, Zhao F, Guo Q and Zheng W. SPC24 pro-
motes osteosarcoma progression by increas-
ing EGFR/MAPK signaling. Oncotarget 2017;
8: 105276-105283.

Zhou J, Yu 'Y, Pei Y, Cao C, Ding C, Wang D, Sun
L and Niu G. A potential prognostic biomarker
SPC24 promotes tumorigenesis and metasta-
sis in lung cancer. Oncotarget 2017; 8: 65469-
65480.

Jeong J, Keum S, Kim D, You E, Ko P, Lee J, Kim
J, Kim JW and Rhee S. Spindle pole body com-
ponent 25 homolog expressed by ECM stiffen-
ing is required for lung cancer cell prolifera-
tion. Biochem Biophys Res Commun 2018;
500: 937-943.

Chen J, Chen H, Yang H and Dai H. SPC25 up-
regulation increases cancer stem cell proper-
ties in non-small cell lung adenocarcinoma
cells and independently predicts poor survival.
Biomed Pharmacother 2018; 100: 233-239.
Fu HL and Shao L. Silencing of NUF2 inhibits
proliferation of human osteosarcoma Saos-2
cells. Eur Rev Med Pharmacol Sci 2016; 20:
1071-1079.

Yin H, Meng T, Zhou L, Chen H and Song D.
SPC24 is critical for anaplastic thyroid cancer
progression. Oncotarget 2017; 8: 21884-
21891.

Cui F, Hu J, Fan Y, Tan J and Tang H. Knock-
down of spindle pole body component 25 ho-
molog inhibits cell proliferation and cycle pro-
gression in prostate cancer. Oncol Lett 2018;
15: 5712-5720.

Tang NH and Toda T. MAPping the Ndc80 loop
in cancer: a possible link between Ndc80/
Hecl overproduction and cancer formation.
Bioessays 2015; 37: 248-256.

Bhatia A and Kumar Y. Cancer cell micronucle-
us: an update on clinical and diagnostic appli-
cations. APMIS 2013; 121: 569-581.

Harding SM, Benci JL, Irianto J, Discher DE,
Minn AJ and Greenberg RA. Mitotic progres-
sion following DNA damage enables pattern
recognition within micronuclei. Nature 2017;
548: 466-470.

Huang LY, Lee YS, Huang JJ, Chang CC, Chang
JM, Chuang SH, Kao KJ, Tsai YJ, Tsai PY, Liu
CW, Lin HS and Lau JY. Characterization of the
biological activity of a potent small molecule
Hecl inhibitor TAI-1. J Exp Clin Cancer Res
2014; 33: 6.

Ferrara M, Sessa G, Fiore M, Bernard F, Asteriti
IA, Cundari E, Colotti G, Ferla S, Desideri M, Bu-
glioni S, Trisciuoglio D, Del Bufalo D, Brancale

Int J Clin Exp Pathol 2019;12(4):1233-1247



[43]

[44]

[45]

1247

Upregulation of NDC80 complex in HCC

A, Degrassi F. Small molecules targeted to
the microtubule-Hecl interaction inhibit can-
cer cell growth through microtubule stabiliza-
tion. Oncogene 2018; 37: 231-240.

Mo QQ, Chen PB, Jin X, Chen Q, Tang L, Wang
BB, Li KZ, Wu P, Fang Y, Wang SX, Zhou JF, Ma
D and Chen G. Inhibition of Hecl expression
enhances the sensitivity of human ovarian
cancer cells to paclitaxel. Acta Pharmacol Sin
2013; 34: 541-548.

Ferretti C, Totta P, Fiore M, Mattiuzzo M, Schil-
laci T, Ricordy R, Di Leonardo A and Degrassi F.
Expression of the kinetochore protein Hecl
during the cell cycle in normal and cancer cells
and its regulation by the pRb pathway. Cell Cy-
cle 2010; 9: 4174-4182.

Wu G, Qiu XL, Zhou L, Zhu J, Chamberlin R, Lau
J, Chen PL and Lee WH. Small molecule target-
ing the Hec1/Nek2 mitotic pathway suppress-
es tumor cell growth in culture and in animal.
Cancer Res 2008; 68: 8393-8399.

[46] Dauch D, Rudalska R, Cossa G, Nault JC, Kang

TW, Wuestefeld T, Hohmeyer A, Imbeaud S,
Yevsa T, Hoenicke L, Pantsar T, Bozko P, Malek
NP, Longerich T, Laufer S, Poso A, Zucman-
Rossi J, Eilers M and Zender L. A MYC-aurora
kinase A protein complex represents an action-
able drug target in p53-altered liver cancer.
Nat Med 2016; 22: 744-753.

Zhu T, Dou Z, Qin B, Jin C, Wang X, Xu L, Wang
Z, Zhu L, Liu F, Gao X, Ke Y, Wang Z, Aikhion-
bare F, Fu C, Ding X and Yao X. Phosphorylation
of microtubule-binding protein Hecl by mitotic
kinase Aurora B specifies spindle checkpoint
kinase Mps1l signaling at the kinetochore. J
Biol Chem 2013; 288: 36149-36159.

Int J Clin Exp Pathol 2019;12(4):1233-1247



