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Abstract
Background: Lung cancer is the most common cancer worldwide, both in terms of the incidence and
mortality. NDC80 complex comprising of NDC80, NUF2, SPC24, and SPC25 is a heterotetrameric
protein complex located in the outer layer of the kinetochore and plays a critical role in mitosis. This
study focuses on the effects of NDC80 complex genes on clinical features and prognosis in lung
adenocarcinoma (LUAD).
Materials and methods: Expression of NDC80 complex in LUAD and related clinical information was
extracted from the TCGA website. NDC80 complex gene functional analysis and correlation analysis was
conducted by using DAVID, BiNGO, Gene MANIA, STRING and GSEA. Survival probability was
predicted by nomogram. Statistical analysis was used to predict NDC80 complex gene expression on
clinical features and prognosis in patients with LUAD.
Results: Expression of NDC80, NUF2, SPC24 and SPC25 was significantly elevated in LUAD tumors
compared with normal tissues (P < 0.05). These genes showed diagnostic values for LUAD (P < 0.001 for
each; area under the curve (AUC), 0.958, 0.968, 0.951, and 0.932 respectively); combinatorial analysis of
these genes was more advantageous than single analysis alone (P < 0.001; AUC > 0.900 for each).
Expression of both NDC80 and SPC25 correlated with the prognosis of LUAD (P < 0.001; AUC > 0.600
for each). Higher expression of NDC80, NUF2, SPC24 and SPC25 was associated with low overall
survival (OS) in univariate analysis. Higher expression of NDC80 and SPC25 was associated with low OS
in multivariate analysis. High expression of NDC80 combined with high expression of SPC25 was
predictive of poor OS in LUAD in joint analysis.
Conclusion: NDC80 complex gene might be an early indicator of diagnosis and prognosis of LUAD. The
combined detection of NDC80, NUF2, SPC24 and SPC25 may become a new research direction in
LUAD diagnosis and a new target for tumor targeted gene therapy.
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Introduction
Cancer is one of the biggest public health
problems in the world [1,2]. Among all cancers, lung
cancer has the highest incidence and mortality rate
[1,3]. It is estimated that there will be 2.1 million new
cases of lung cancer in 2018 and 1.8 million people
will die of lung cancer, accounting for nearly one fifth
of all cancer deaths (18.4%). Pathologically, lung

cancer is divided into small cell lung cancer (SCLC)
(15% of lung cancer cases) and non-small cell lung
cancer (NSCLC) (the remaining 85% cases), which is
further divided into carcinoma epidermoid of the
lung cancer (LUSC) (approximately 40% of lung
cancers), lung adenocarcinoma (LUAD) (approximately 20 to 30%), large cell lung cancer (approxihttp://www.jcancer.org
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mately 15%), and undifferentiated NSCLC [2]. Although rapid development of medical and clinical
treatment technologies, including surgical resection,
chemotherapy and targeted therapy, has saved the
lives of lung cancer patients for half a century, the
prognosis of patients with lung cancer is still not
optimistic – the diagnosis rate for advanced lung
cancer is approximately 80% and the average survival
rate at 5 years is only 15% [2, 4].
With the deterioration of the natural environment, non-smoking lung cancer and lung cancer in
women has increased sharply in recent years. The
prevalence of LUAD is gradually surpassing that of
lung squamous cell carcinoma (LUSC) [5]. Lack of
biomarkers of early diagnosis due to the occultation
process, about 50% of patients with at the time of
LUAD diagnosis has local infiltration and distant
metastasis. The 5-year survival rate of clinical-stage 4
patients is less than 1% [3, 5, 6].
Factors responsible for lung cancer include
genetic and signaling pathway abnormalities. Hence,
it is important to understand the associated genes and
their mechanisms in the development of lung cancer
[3, 7, 8]. The nuclear division cycle 80 (NDC80) complexes consisting of NDC80, NUF2, SPC24, and SPC25
form a heterotetrameric protein complex located in
the outer layer of the kinetochore and link the kinetochore to microtubules during mitosis [9-11]. Abnormal production of any of the NDC80 complex genes
can cause chromosomal aberration and instability of
the genome a major event in all tumorigenesis [12].
Studies have shown aberrant expression of the
NDC80 complex in various tumors, which can be
used as a diagnostic marker for certain tumors, and
may even be an indicator for evaluating prognosis
[13-15]. However, the role of the NDC80 complex in
LUAD is not very clear. In this study, we studied the
effects of NDC80 complex genes on clinical
characteristics and prognosis in LUAD.

Method and Materials
Source of patient data
Expression of the NDC80 complex in a total of
500 LUAD patients along with clinical information
including age, sex, smoking history, radiation therapy
history, targeted therapy history, neoplasm status,
TNM stage and residual tumors were extracted from
The Cancer Genome Atlas (TCGA: https://
cancergenome.nih.gov/ October 2, 2019) and University of California Santa Cruz Xena (UCSC Xena:
https://xena.ucsc.edu/. October 2, 2019). Boxplots of
NDC80 complex expression in normal and tumor
tissues were created through Gene Expression
Profiling Interactive Analysis (GEPIA, http://gepia.
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cancerpku.cn/, October 13, 2018) [16]. Patients with
missing overall survival (OS) status, OS time, and/ or
missing expression data, were excluded. Only the first
test data was included from patients with repeated
expression data.

NDC80 complex functional and correlation
analysis
A Pearson correlation matrix to understand the
correlation among the NDC80 complexes genes was
constructed using R version 3.6.1 (https://www.rproject.org/, October 2, 2019). Functional and
enrichment analysis using the Database for
Annotation, Visualization, and Integrated Discovery
(DAVID) v.6.8 (https://david.ncifcrf.gov/tools.jsp,
October 2, 2019) [17, 18], including functional analysis
of gene ontology (GO) and analysis of the Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway. GO functional analysis included biological
process (BP), molecular function (MF), and cellular
component (CC). The function of the gene was
predicted using the GO function analysis tool Biological Networks Gene Ontology (BiNGO) based on
the results of the correlation analysis [19]. Interaction
between the members of the NDC80 complex was
analyzed by gene function prediction on Gene
MANIA (Gene MANIA: http://genemania.org/,
October 2, 2019) [20]. The Search Tool for the Retrieval
of Interacting Genes/Proteins (STRING: http://
string-db.org, October 12, 2019) was used to evaluate
the functional and physical relationships of NDC80
complex and correlated genes [21].

Diagnostic and prognostic analysis
Diagnostic receiver operating characteristic
(ROC) curves were constructed using the mRNA
expression of NDC80 complex genes in tumor and
non‑tumor tissues [22, 23].

Analysis of survival
Patients were subdivided into low- and highexpression groups according to the median OS. OS
was used to evaluate prognosis of LUAD. Correlation
among the NDC80 complex genes was identified by
Kaplan-Meier estimator with a log-rank test. Values
were adjusted for age, sex, smoking history, radiation
therapy history, targeted therapy history, neoplasm
status, TNM stage and residual tumors in the Cox
proportional hazards regression model. The effect of
high and low expression of each gene of the NDC80
complex on the prognosis was also evaluated.

Joint-effects survival analysis
Joint effect analysis was performed on genes
with significant differences (P < 0.05) in OS. NDC80
complex genes with prognostic value in multivariate
http://www.jcancer.org
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survival analysis were grouped as better OS, worse
OS, or other. Log-rank test and Kaplan-Meier analysis
was used to evaluate the prognostic value of the
NDC80 complex in each group.

Nomogram construction
A prognostic risk score was based on the
adjusted expression levels (TNM stage, neoplasm
status, residual tumor, radiation therapy) of NDC80
and SPC25 in LUAD. 1-year, 3-year, and 5-year
survival rates were predicted based on clinical factors
and genes that were used to construct the Nomogram
for OS [24].

Gene set enrichment analysis (GSEA)
Relationship between the NDC80 complex gene
expression and OS in LUAD patients was explored by
GSEA. Pathway-based analysis in LUAD with high
and low expression of each of the NDC80 complex
genes was performed by comparing the reference c5
(GO gene sets: c5.all.v6.1.symbols.gmt) and c2 (KEGG
gene sets: c2.all.v6.1.symbols.gmt) gene sets from
Molecular Signatures Database (MSigDB) using GSEA
v.4.0.1 (http://software.broadinstitute.org/gsea/msi
gdb/in dex.jsp, October 2, 2019) [25].

Statistical analysis
Statistical analysis was performed with SPSS
v.22.0 software (IBM, Chicago, IL, USA). Vertical
scatter plots and survival curves were generated in
GraphPad Prism v.8.0 (GraphPad Software, La Jolla,
CA, USA) and R 3.6.1 (http://www.R-project.org).
OS was analyzed by Kaplan-Meier curve and log-rank
test. Multivariate survival analysis was evaluated
with hazard ratios (HR), and 95% confidence intervals
(CIs) were calculated using Cox proportional hazards
regression with adjustment for influential clinical
characteristics, including age and tumor stage. P <
0.05 was considered statistically significant.

Results
Clinical characteristics of patients
Demographic characteristics, clinical features,
and relationship to OS in patients with LUAD are
presented in Table 1. All clinical data and
demographics of were obtained from TCGA.TNM
stage; neoplasm status, residual tumor, and radiation
therapy were associated with OS (P < 0.001,
respectively). Boxplots of NDC80 complex in normal
and tumor tissue are presented in Figure 1;
Expression of NDC80, NUF2, SPC24, and SPC25 were
significantly higher in LUAD than healthy lungs
(Figure 2A). Figure 2B shows the level of stratified
expression of the NDC80 complex genes in LUAD.
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Table 1. Demographic and clinical data for 500 LUAD patients
Variables
Sex
Male
Female
Missing
Neoplasm status
With Tumor
Tumor Free
Missing
Stage
I
II
III
IV
Missing
Residual tumor
Yes
No
Missing
Anatomic
neoplasm
subdivision
Left
Right
Missing
Targeted
molecular
therapy
Yes
No
Missing
Radiation
therapy
Yes
No
Missing
Smoking
Positive
Negative
Missing

Patients
(n=500)

No.of
events (%)

MST
(days)

HR (95% CI)

Log-rank
P

230
270
0

86(37.4%)
96(35.6%)
-

1528
1454
-

Ref.
0.955(0.713-1.278)

0.755

-

-

164
284
52

112(68.3%)
37(13.0%)
-

864
4961
-

Ref.
0.161(0.111-0.233)

<0.001

-

-

268
119
80
25
8

65(24.3%)
54(45.4%)
46(56.2%)
16(64%)
-

2620
1209
879
826
-

Ref.
2.472(1.718-3.557)
3.495(2.383-5.126)
3.819(2.201-6.629)

<0.001

-

-

335
16
149

128(38.4%)
13(81.2%)
-

1516
464
-

Ref.
4.029(2.247-7.222)

<0.001

-

-

192
296
12

71(37.0%)
106(35.8%)
-

1600
1454
-

Ref.
1.035(0.766-1.399)

0.821

-

-

149
297
54

54(36.2%)
108(36.4%)
-

1293
1600
-

Ref.
0.832(0.598-1.158)

0.275

-

-

60
388
52

35(58.3%)
127(32.7%)
-

896
1632
-

Ref.
<0.001
0.484(0.332—0.704)
-

-

71
415
14

27(38%)
145(34.9%)
-

1421
1501
-

Ref.
0.881(0.583-1.330)

0.546

-

-

MST: median survival time; HR: hazard ratio; CI: confidence interval.

Correlation, function and bioinformatics
analysis
The GO function and KEGG pathway examination through DAVID showed that NDC80 complex
genes is closely related to mitotic spindle
organization, chromosome segregation, cytosol et al.
(Figure 3A,B); Gene‑gene co‑expression interactions
and pathway prediction among NDC80 complex
genes is shown in Figure 4A. The integration method
for examining protein-protein co-expression by
STRING is illustrated in Figure 4B. Association
between NDC80, NUF2, SPC24 and SPC25 is shown
in Pearson correlation matrix (Figure 4C). Expression
of the NDC80 complex genes significantly correlated
with each other P < 0.001. Results of co-functional
analysis using BiNGO indicated that the NDC80
complex genes correlated with cell division, mitotic
spindle organization, mitotic nuclear division,
chromosome segregation and sister chromatid
cohesion (Figure 5).

http://www.jcancer.org
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Figure 1. Boxplots showing NDC80 complex gene expression levels in LUAD and normal tissue. (A) NDC80; (B) NUF2; (C) SPC24; (D) SPC25; Abbreviations:
NDC80 complex, nuclear division cycle 80 complex, GEPIA, gene expression profiling interactive analysis. *P < 0.05.

Figure 2. Relative mRNA expressions of NDC80 complex in tumor and normal tissues and low, high expression groups. (A) Relative mRNA expressions of
NDC80 complex gene in tumor and normal tissues; (B) Relative mRNA expressions of NDC80 complex in low and high expression groups. NDC80 complex, nuclear division
cycle 80 complex.*P<0.05.

http://www.jcancer.org

Journal of Cancer 2020, Vol. 11

2925

Figure 3. Outcomes of GO analysis of functional enrichment assessed by DAVID: (A) BP outcomes; (B) CC outcomes. Abbreviations: BP, biological process; CC,
cellular component.

Figure 4. (A) Gene interaction networks among selected genes generated by GeneMANIA; (B) STRING physical and functional connections of NDC80 complex gene (C)
Pearson’s correlation coefficients for NDC80, NUF2, SPC24 and SPC25 gene expression levels.

Diagnostic and prognostic value of NDC80
complex genes
NDC80, NUF2, SPC24 and SPC25 showed diagnostic value for LUAD (P < 0.001for each; area under
the curve (AUC) was 0.958, 0.968, 0.951, 0.932
respectively; Figure 6A - 6D). Combinations of
NDC80 + NUF2, NDC80 + SPC25, NDC80 + SPC24,
SPC24 + SPC25, SPC25 + NUF2, SPC24 + NUF2,
NDC80 + NUF2+ SPC25, NDC80 + SPC24 + SPC25,
SPC24 + SPC25 + NUF2, SPC24 + SPC25 + NDC80 +
NUF2 also showed diagnostic value for LUAD (P <
0.001for each; AUC was 0.963, 0.946, 0.956, 0.944,
0.951, 0.959, 0.953, 0.949, 0.951, 0.953, respectively;
Figure 7A - 7F and Figure 8A - 8D). Both NDC80 (all
AUC >0.600; Figure 9A, E) and SPC25 were associated
with OS at 1‑ and 3‑ year OS (all AUC >0.600; Figure
9D, H).

Survival analysis
Survival analysis is shown in Figure 10 and
summarized in Table 2. Low mRNA expression of
NDC80, NUF2, SPC24, SPC25 in LUAD was related to
favorable OS in univariate survival analysis (log-rank
P = 0.006, HR = 0.661, 95%CI = 0.492 - 0.888; Figure
10A; log-rank P = 0.005, HR = 0.654, 95%CI = 0.487 0.879; Figure 10B; log-rank P = 0.006, HR = 0.662,
95%CI = 0.493 - 0.890; Figure 10C; log-rank P = 0.001,
HR = 0.609, 95%CI = 0.453 - 0.819; Figure 10D,
respectively). Low expression of NDC80 and SPC25
was also associated with favorable OS in multivariate
analysis when adjusted for radiation therapy history,
targeted therapy history, neoplasm status, TNM stage
and residual tumors (log-rank P = 0.032, HR=0.635,
95%CI = 0.419 - 0.962; log-rank P = 0.047, HR=0.635,
95%CI = 0.434 - 0.995, respectively).
http://www.jcancer.org
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Joint‑effect survival analysis
The joint‑effect survival analysis was based on
multivariate survival analysis and was used to reveal
the combined effects of NDC80 and SPC25 on OS in
LUAD. Patients are grouped by expression level as
shown in Table 3 and the results of the group are
shown in Table 4 and Figure 11. Low expression of
NDC80 and SPC25 in group I was tied to favorable OS
(P < 0.05). However, high expression of NDC80 and
SPC25 in group III was tied to unfavorable OS (P <
0.05).
Table 2. Univariate and multivariate survival analyses
Gene

Patients No. of
MST Crude HR
(n=500) events (%) (days) (95% CI)

NDC80
High
250
Low
250

106(42.4%) 1288
76(30.4%) 1600

Missing 0
NUF2
High
250
Low
250

-

Missing 0
SPC24
High
250
Low
250

-

Missing 0
SPC25
High
250
Low
250

-

Missing 0

-

-

107(42.8%) 1229
75(30.0%) 1632
-

106(42.4%) 1229
76(30.4%) 1622
-

108(43.2%) 1171
74(29.6%) 1632
-

Crude Adjusted
P
HR* (95%
CI)

Adjusted
P*

Ref.
0.006
0.661
(0.492-0.888)
-

Ref.
0.032
0.635
(0.419-0.962)
-

Ref.
0.005
0.654
(0.487-0.879)
-

Ref.
0.150
0.741
(0.493-1.114)
-

Ref.
0.006
0.662
(0.493-0.890)
-

Ref.
0.133
0.734
(0.490-1.099)
-

Ref.
0.001
0.609
(0.453-0.819)
-

Ref.
0.047
0.657
(0.434-0.995)
-

Notes: *adjustment for radiation therapy history; targeted therapy history;
neoplasm status; TNM stage and residual tumors. Abbreviations: MST, median
survival time; HR, hazard ratio; CI, confidence interval.

Table 3. Grouping according to expression levels of the SPC25
and NDC80 gene
Group
I
II

Composition
Low SPC25 + Low NDC80
Low SPC25 + High NDC80
High SPC25 + Low NDC80
High SPC25 + High NDC80

III

Table 4. Joint-effects survival analysis
Group
I
II
III

Patients
(n=500)
219
62
219

MST
(days)
1632
1492
1171

Crude
P
0.004
0.050
0.001

Crude HR (95%
CI)
Ref.
1.582(1.000-2.503)
1.698(1.232-2.341)

Adjusted
P*
0.039
0.064
0.017

Adjusted HR*
(95% CI)
Ref.
1.799(0.966-3.351)
1.732(1.102-2.722)

Notes: *adjustment for radiation therapy history; targeted therapy history;
neoplasm status; TNM stage and residual tumors. Abbreviations: MST, median
survival time; HR, hazard ratio; CI, confidence interval.

Risk score model of nomogram
NDC80 and SPC25 expression, TNM grade,
tumor status, residual tumors, radiotherapy were
used to construct a nomogram for risk assessment.

Points were assigned to each variable based on the
Cox regression coefficients. Add these points and
draw a vertical line between the total point axis and
the survival probability axes at 1 year, 3 years and 5
years to estimate the probability of survival (Figure
12).

Gene set enrichment analysis (GSEA)
Pathway analysis of high and low expression of
each of the NDC80 complex genes showed that GO
terms and KEGG pathways associated with NCD80
included among others, ATPase activity, cell cycle,
water transport, chromosomal region, nuclear chromosome segregation, cell differentiation, and DNA
biosynthetic process (Figure 13 (A-D)), Figure 14
(A-D)). The enriched GO terms and KEGG pathways
associated with SPC25 included among others, cell
cycle, bladder cancer, prostate cancer, thyroid cancer,
Rickman head and neck cancer, breast cancer, oxygen
levels, colon and rectal cancer, p53 pathway (Figure
15 (A-D), Figure 16 (A-D)). The details of the results
are shown in Supplementary Tables 1 and 2.

Discussion
In the current study, we studied the relationship
between gene expressions of the members of NDC80
complex in LUAD in the TGCA database. A risk
assessment model including clinical factors and gene
expression was developed to assess the diagnostic
and prognostic values in LUAD patients. The function
of the NDC80 complex and associated genes in LUAD
was predicted. Lower expression of NDC80 complex
genes was associated with good OS and expression of
NDC80 and SPC25 showed diagnostic and prognostic
value in LUAD. Expression of NDC80, NUF2, SPC24
and SPC25 was found significantly higher in LUAD
than normal tissue. In addition, NDC80, NUF2, SPC24
and SPC25 showed diagnostic value for LUAD.
Combination of NDC80 with the other genes showed
diagnostic advantage over NDC80, NUF2, SPC24 and
SPC25 alone suggesting that the patient expressing
more than one NDC80 complex genes would have
more chance to get LUAD. Overall survival ROC
curves and nomograms showed that expression of
NDC80, SPC25 was associated with OS. GO term
analysis, protein–protein interaction (PPI) analysis,
and KEGG analysis predicted the function among
NDC80 complexes genes and NDC80 complexes
genes correlated genes. The result showed that
NDC80 complexes play important roles in cell division, mitotic spindle organization, mitotic nuclear
division, and chromosome segregation and sister
chromatid cohesion.

http://www.jcancer.org
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Figure 5. (A) CC outcomes; (B) MF outcomes; (C) BP outcomes of GO analysis of functional enrichment by BiNGO. Abbreviations: CC, cellular component; MF, molecular
function; BP, biological process; Biological Networks Gene Ontology.

Figure 6. Diagnostic ROC curves of NDC80, NUF2, SPC24 and SPC25. In particular, diagnostic ROC curves of (A) NDC80, (B) NUF2, (C) SPC24, (D) SPC25.
Abbreviations: ROC, receiver operating characteristics; AUC, area under the curve; CI, confidence interval.

http://www.jcancer.org
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Figure 7. Diagnostic ROC curves of combination of: (A) NDC80 + NUF2, (B) NDC80 + SPC25, (C) NDC80 + SPC24, (D) SPC24 + SPC25, (E) SPC25 + NUF2, (F) SPC24
+ NUF2. Abbreviations: ROC, receiver operating characteristics; AUC, area under the curve; CI, confidence interval.

Figure 8. Diagnostic ROC curves of combination of: (A) NDC80 + NUF2 + SPC25, (B) NDC80 + SPC24 + SPC25, (C) SPC24 + SPC25 + NUF2, (D) SPC24 + SPC25 +
NDC80 + NUF2. Abbreviations: ROC, receiver operating characteristics; AUC, area under the curve; CI, confidence interval.

http://www.jcancer.org
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Figure 9. Overall survival ROC curves of NDC80 complex gene at 1, 3 and 5 years. ROC curves of: (A) NDC80, (B) NUF2, (C) SPC24, and (D) SPC25 at 1 year; (E)
NDC80, (F) NUF2, (G) SPC24, and (H) SPC25at 3 years; (I) NDC80, (J) NUF2, (K) SPC24, and (L) SPC25at 5 years. Abbreviation: ROC, receiver operating characteristics.

Figure 10. Univariate survival analyses: (A) NDC80, (B) NUF2, (C) SPC24, and(D) SPC25 (n=500).

http://www.jcancer.org
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Figure 11. Joint-effects survival analysis of the influence of combined NDC80 complex gene expression on OS stratified for NDC80 and SPC25 expression
levels.

Figure 12. Nomograms constructed using overall survival and recurrence-free survival-related clinical factors and genes.

Figure 13. Gene set enrichment analysis results of nuclear division cycle 80. Results of gene ontologies: (A) DNA biosynthetic process; (B) chromosomal region; (C) ATPase
activity coupled; (D) positive regulation of endothelial cell differentiation; (E) water transport; (F) steroid hormone receptor activity. Abbreviations: GO, gene ontology; NES,
normalized enrichment score; FDR, false discovery rate.

http://www.jcancer.org
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Figure 14. Gene set enrichment analysis results of nuclear division cycle 80. Results of gene ontologies: (G) endonuclease activity; (H) nuclear chromosome segregation; (I)
spindle; (J) ncRNA processing; (K) meiotic cell cycle; (L) exonuclease activity. Abbreviations: GO, gene ontology; NES, normalized enrichment score; FDR, false discovery rate.

Figure 15. Gene set enrichment analysis results of SPC25. Results of gene ontologies: (A) thyroid cancer; (B) prostate cancer; (C) head and neck cancer; (D) winter
hypoxia; (E) bladder cancer; (F) breast cancer Abbreviations: NES, normalized enrichment score; FDR, false discovery rate.

http://www.jcancer.org
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Figure 16. Gene set enrichment analysis results of SPC25. Results of gene ontologies: (G) colon and rectal cancer; (H) cell cycle; (I) p53 signaling pathway; (J) chromosome
segregation; (K) cellular response to oxygen levels; (L) liver cancer subclass proliferation up. Abbreviations: NES, normalized enrichment score; FDR, false discovery rate.

The role of NDC80 in cancer is well described.
Studies have shown that overexpression of NDC80
can result in permanent hyper activation of mitotic
control points and induce tumor formation in vivo
[36]. By constructing a high-expression NDC80 mouse
model and a non-transgenic murine model, Sotillo R
et al. reported that over-expression of NDC80 resulted
in higher incidences of liver and lung cancer in mice
[37]. This was observed in conjunction with elevated
expression of Mad2 [37]. Expression of NDC80 mRNA
was also reported to be elevated in both gastric and
pancreatic cancers [38, 39]. In osteosarcoma, 84.6% of
tumor tissues expressed NDC80 mRNA higher than
adjacent normal tissues, and expression level
correlated with tumor TNM stage and distant
metastases, and NDC80 was an independent
prognostic indicator [40]. Expression of NDC80
protein in colon cancer cell lines such as HCT8,
SW480, CACO2 and HCT116 was superior to that of a
normal intestinal epithelial cell line NCM460 [41]. Cell
proliferation was significantly accelerated after
staining with the NDC80 gene and shows greater
transfer capacity [41]. Previous studies have shown
that in vitro culturing of hepG2 hepatoma cell lines
resulted in decreased NUF2 expression and cell cycle
proteins such as, cyclins B1, Cdc25A and Cdc2, but
expression of apoptosis-associated proteins (such as
Bad and Bax) was significantly increased, thus

inducing cells, inhibiting cell cycle and apoptosis,
thereby inhibiting cell growth. HepG2 cells with
NUF2 gene knockout were injected into the right
abdomen of nude mice and the growth rate was
significantly lower than non-transgenic knockout
cells, indicating that the NUF2 plays an important role
in the growth of liver cancer cells in vitro and in vivo
[42, 43]. Juan Zhou et al. reported that SPC24
regulates PI3K/AKT kinase pathway and the
knockdown of SPC24 can lead to attenuated cell
growth, increased cell apoptosis and cell cycle
progression [44]. In LUAD, previous study also found
SPC24 is strongly expressed in LUAD and its level of
expression is related to the survival rate for lung
cancer patients. High expression of SPC24 can
negatively regulate E-cadherin, and positively
regulate N-cadherin and vimentin and participation
in epithelial-mesenchymal transition during lung
cancer, affecting tumor growth and invasion [44]. In
addition, high expression of SPC24 is also found in
thyroid cancer, liver cancer, and osteosarcoma [44-46].
However, the role SPC25 in cancer remains
understudied. SPC25 is highly expressed in the basal
part of breast cancer with more stem cell-like cells,
and SPC25 expression is related to disease-free
survival. Expression of SPC25 is higher in CpG Island
methylation phenotype positive kidney carcinoma

http://www.jcancer.org
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(CIMP) than in CIMP negative kidney cancer cells, but
the significance remains uncertain [47].
This study had some limitations. First, the
sampling size was small. For better accuracy and
validation of the data a larger sample size is needed.
Second, more comprehensive clinical information on
race, living environment, and family history is
needed. Third, the current study is a single cohort
study which could have led to bias in the analysis.
The findings in this study should be replicated and
confirmed in other populations. Finally, the
underlying molecular mechanism of NDC80 complex
in the process of tumorigenesis was not studied.
Hence, for better understanding, NDC80 complex and
its signal transduction pathway need to be further
studied. Although there are a large number of studies
on the role of the NDC80 complex genes in cancer,
this study has for the first time developed a risk
assessment score by including clinical factors and
expression of the NDC80 complex with diagnostic
and prognostic value in LUAD.

Conclusions
In this study, it was found that NDC80, NUF2,
SPC24 and SPC25 genes were differentially expressed
in tumor tissues and normal tissues and NDC80,
NUF2, SPC24 and SPC25genes have diagnostic values
for LUAD. The combination of these genes also have
diagnostic value for LUAD and have an advantage
over NDC80, NUF2, SPC24 and SPC25 alone with
regard to LUAD diagnosis. Validation of the
prognostic value of NDC80 complex gene indicated
that NDC80 and SPC25 were correlated with the
prognosis of LUAD. Furthermore, high expression of
NDC80, NUF2, SPC24 and SPC25 was associated with
poor OS in Univariate survival. High expression level
of NDC80 and SPC25 was related to poor OS in
multivariate survival analysis. High expression of
NDC80 combined with high expression of SPC25in
LUAD was related to poor OS in joint analysis.
Although we are evaluating the possible mechanism
of the NDC80 complex genes in LUAD OS using
GSEA, DAVID, etc., has established a nomogram to
diagnose and predict LUAD. NDC80 complex gene is
expected to be an indicator of early diagnosis and
prognosis of LUAD. The combined detection of
NDC80, NUF2, SPC24 and SPC25 may become a new
research direction in tumor diagnosis and a new
target for tumor targeted gene therapy. But these
results require further verification in the next study.
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