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Introduction

Renal cell carcinoma (RCC) accounts for approximately 
3% of all systemic malignancies and 85–90% of primary 
malignancies in the adult kidney. It is the second-most 
common urological malignancy, with kidney renal 

clear cell carcinoma (KIRC) accounting for 85% of the 
cases (1). The cytokinesis-related gene, NUF2 (Ndc80 
kinetochore complex component) is involved in mitotic 
granule stabilization and proper chromosome segregation 
during cell mitosis (2), and has been reported to be highly 
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expressed in a variety of malignancies and playing a key role 
in tumor formation and progression (3). However, to date, 
NUF2 has not been reported in KIRC, and its mechanisms 
of action remain unclear. Therefore, in the current 
study, The Cancer Genome Atlas (TCGA) database and 
pathological specimens from the First People's Hospital of 
Taicang were used to investigate the expression and clinical 
significance of this gene in KIRC, as well as its possible 
regulatory pathways. We present the following article in 
accordance with the REMARK reporting checklist (available 
at https://dx.doi.org/10.21037/tau-21-620).

Methods

Collection of data 

The mRNA data and corresponding clinical data of 537 
patients with KIRC and 72 normal control patients were 
obtained from the TCGA database. Cases were divided into 
a high expression group and a low expression group based 
on whether the expression was greater than or less than 
the mean. The expression of NUF2mRNA in KIRC and 
its relationship with overall survival (OS), progression-free 
survival (PFS), and clinical pathological characteristics were 
analyzed.

Case selection

Eighty-three KIRC patients who underwent urology 
surgery at Taicang Hospital of Soochow University between 
January 2014 and December 2020 were selected, which 
included 52 males and 31 females with a mean age of  
61 years. Pathological diagnosis revealed that 71 patients 
were in stage I, five patients were in stage II, seven were in 
stage III, 21 were in grade G1, 57 were in grade G2, and 
five patients were in grade G3. All procedures performed in 
this study involving human participants were in accordance 
with the Declaration of Helsinki (as revised in 2013). This 
study was approved by the Ethics Committee of the First 
People’s Hospital of Taicang (NO. 2021-KY-161, the 
registration number of ethics board) and informed consent 
was taken from all the patients.

Immunohistochemical analysis 

I m m u n o h i s t o c h e m i c a l  s t a i n i n g  w a s  p e r f o r m e d 
u s i n g  a  R o c h e  B e n c h M a r k G X  s e m i - a u t o m a t i c 
immunohistochemistry machine to detect cancer and paired  

para-cancerous tissues. All paraffin specimens were 
subjected to 4-μm sectioning, and two consecutive slices 
were cut and baked in an oven at 65 ℃ for 30. This thin 
section was then subjected to HE staining to obtain a 
detailed view of the tissues.

Evaluation and analysis of the results

Positive staining was characterized as yellowish-brown 
staining of the cytoplasm. Five fields were randomly 
selected at high magnification, and the intensity of positive 
staining was scored as follows: cells-stained light yellow 
received 1 point; cells stained yellow received 2 points, 
and cells-stained brown received 3 points. The percent 
of positive-stained cells was evaluated as follows: 0 points 
equals <10%; 1 point equaled 11–25%; 2 points equaled 
26–50%; 3 points equaled 51–75%; and 4 points equaled 
>75%. The immunohistochemistry score was determined 
by multiplying the two scores. Correlation between the 
immunohistochemistry scores and the clinicopathological 
characteristics of patients was then investigated.

GSEA analysis

To analyze the possible regulatory pathways of the NUF2 
gene in the development of KIRC, GSEA analysis (V4.0.3) 
was employed.

Statistical processing

R (V3.62) software was used for data processing, and 
the Beeswarm plugin was used to analyze variations in 
NUF2 mRNA expression. The Kaplan-Meier method 
was used to perform survival analysis, and the relationship 
between NUF2 expression levels and clinicopathological 
characteristics was analyzed by Kruskal Walls test and 
logistic regression. Correlation analysis was carried out 
using Pearson rank correlation, and the relationship 
between NUF2 mRNA levels,  cl inicopathological 
characteristics, and OS was analyzed by univariate and 
multifactorial Cox regression. P<0.05 was considered 
statistically significant.

Results

KIRC patient characteristics 

Detailed clinicopathological characteristics data of KIRC 

https://dx.doi.org/10.21037/tau-21-620
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patients from the TCGA database are shown in Table 1.

NUF2 mRNA expression in KIRC patients and 
relationship with OS 

NUF2 mRNA levels were significantly increased in KIRC 
patients as compared to control patients (Figure 1). Levels 
in KIRC patients were significantly associated with survival, 

and the prognosis of patients with high NUF2 mRNA 
expression was significantly worse than that of patients with 
low expression (Figure 2).

Relationship between NUF2 mRNA expression and 
clinicopathological characteristics

Statistically significant differences in NUF2 mRNA 
expression were found between patients with different 
AJCC stage, different T stage, presence or absence of lymph 
node metastases, presence or absence of distant metastases, 
and different gender (Figure 3). Logistic regression analysis 
also suggested that NUF2 mRNA expression was associated 
with patient stage, T stage, lymph node metastases, and 
distant metastases and gender (Table 2).

Table 1 Characteristics of the cancer genome atlas kidney renal 
clear cell carcinoma patients

Clinical characteristic N

Age

>60 years 271

≤60 years 266

Gender

Male 346

Female 191

Stage

I 269

II 57

III 125

IV 83

Tumor

T1 275

T2 69

T3 182

T4 17

Lymph nodes metastasis

N0 240

N1 11

Grade

G1 14

G2 230

G3 207

G4 78

Distant metastasis

M0 426

M1 79

Figure 1 NUF2 mRNA expression in tumor vs. normal samples.
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Figure 2 Correlation between NUF2 mRNA expression and 
overall survival (OS) using Kaplan-Meier analysis.
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Figure 3 Relationship between NUF2 mRNA expression and clinicopathological characteristics.
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Results of COX regression analysis

Univariate COX analysis demonstrated that OS was 
associated with age, stage, T-stage, lymph node metastases, 
distant metastases,  and NUF2 mRNA expression. 
Multifactorial Cox analysis showed that NUF2 mRNA level, 
age, AJCC stage, and pathological grade were independent 
prognostic factors for OS, (Table 3  and Figure 4) .  
Only 489 patients had complete clinicopathological data 
for analysis. The effect of lymph node metastasis status on 
survival was excluded from the COX regression analysis 
as many patients had an unknown lymph node metastasis 
status.

Expression of NUF2 protein in KIRC patients

Paired analysis of 83 KIRC patients showed that the mean 
levels of NUF2 protein expression in cancer and para-
cancerous tissues were 6.06±3.16 and 2.55±1.04 points, 
respectively, and the difference between the two was 
statistically significant (Figures 5,6).

Relationship between NUF2 protein expression and 
clinicopathological characteristics in KIRC patients 

The mean expression of NUF2 protein in KIRC patients 
was 4.67±2.71, 6.47±3.21, and 7.20±3.03 points in patients 
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Table 2 Logistic regression analysis of NUF2mRNA expression related to clinicopathological features

Clinical characteristic N Odds ratio P

Stage (IV vs. I) 352 3.314 (1.970–5.709) 9.430E-6

Grade (4 vs. 1) 92 6.519 (1.849–30.704) 0.007

Tumor (4 vs. 1) 286 14.862 (2.788–274.722) 0.011

Lymph nodes metastasis 257 4.751 (1.486–21.109) 0.007

Distant metastasis 505 2.786 (1.671–4.778) 1.338E-4

Age 537 0.988 (0.974–1.002) 0.087

Gender 537 1.541 (1.077–2.212) 0.018

Table 3 Univariate and multivariate Cox regression analyses in relation to OS

Parameter
Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

Age 1.762 1.019–2.420 4.81E-04 1.667 1.208–2.230 0.002

Gender 0.874 0.629–1.214 0.421 1.048 0.749–1.466 0.786

Grade 2.293 1.854–2.836 1.94E-14 1.408 1.108–1.791 0.005

Stage 1.889 1.649–2.164 4.67E-20 1.567 1.002–2.452 0.049

Tumor 1.941 1.639–2.299 1.50E-14 0.896 0.594–1.351 0.600

Distant metastasis 4.284 3.10–5.908 7.45E-19 1.411 0.719–2.70 0.317

NUF2 1.353 1.258–1.454 3.40E-16 1.257 1.57–1.367 7.90E-8

with G1, G2, and G3 levels, respectively, with statistically 
significant differences (Figure 6). The mean expression 
of NUF2 protein in patients with KIRC at stages I, II, 
and III was 6.04±3.20, 8.20±2.49, and 4.71±2.50 points, 
respectively, with no statistically significant difference 
(Figure 7). NUF2 protein expression was significantly 
correlated with pathological grading (r=0.226, P=0.017), but 
not with stage (r=0.009, P>0.05).

Regulatory pathways associated with NUF2 mRNA 

GSEA analysis indicated that high expression of NUF2 
was associated with the upregulation of pathways such as 
homologous recombination, DNA replication, cell cycle 
regulation, mismatch repair, and the P53 signaling pathway 
(Figure 8). High expression of NUF2 mRNA was associated 
with the downregulation of pathways such as propanoate 
metabolism, pyruvate metabolism, the citrate cycle TCA 
cycle, butanoate metabolism, and the degradation of valine, 
leucine, and isoleucine (Figure 9).

Discussion

RCC is a common urological malignancy. In the year 
2015, the number of new cases of RCC in China was 66,800 
(43,200 for men and 23,600 for women), accounting for 
1.56% of all new malignant tumor cases and ranking 14th 
among all malignant tumor cases. The number of deaths 
from the disease was 23,400 (15,200 for men and 8,200 
for women), accounting for 0.83% of all malignant tumor 
deaths and ranking 17th among all malignant tumor  
deaths (4). Although surgical resection is the first line 
of therapy for RCC, up to 40% of patients have a local 
recurrence and distant metastases (5). To increase patient 
survival rates, biological markers that allow for early 
diagnosis and prognosis are critical, and in this research 
KIRC was explored as it is the most common histological 
type of RCC.

A major characteristic of all tumor cells is genomic 
instability (6). The abnormal expression of NUF2 can 
lead to mitotic dysregulation, which can contribute to the 
development of tumors (7). Sun et al. found that NUF2 was 
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significantly expressed in breast cancer in comparison to 
normal breast tissue, and that a high expression group had 
lower OS and recurrence-free survival than a low expression 
group (8). They concluded that NUF2 could be utilized 
as a biomarker to identify patients with a poor prognosis. 

Other studies have found that the growth of pancreatic, 
glioma, and hepatocellular carcinoma tumor cells could be 
inhibited by knocking down the expression of NUF2 (9-11).  
From this current study of TCGA data, it was found that 
NUF2 mRNA levels were significantly higher in KIRC 
patients than in controls, and the prognosis of patients with 
high NUF2 mRNA expression was significantly worse than 
that of patients with low expression. Statistically significant 
differences in NUF2 mRNA expression were found between 
patients with different AJCC stages, different T stages, 
in the presence or absence of lymph node metastases, 
and presence or absence of distant metastases. Logistic 
regression analysis also suggested that NUF2 mRNA 
expression was associated with patient stages, T stage, lymph 
node metastases, and distant metastases. Collectively, these 
results suggest that NUF2 might play an important role in 
the occurrence and development of KIRC. Multifactorial 
COX regression analysis showed that NUF2 mRNA was 
an independent prognostic risk factor, suggesting NUF2 
may serve as an indicator for the prognosis and diagnosis 
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Figure 4 Forest map of multivariate Cox regression analysis of OS. *P<0.05; **P<0.01; ***P<0.001.

Figure 5 Comparative analysis of NUF2 expression in cancer and 
para-cancer tissue.
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Figure 6 NUF2 expression in cancer and adjacent tissues by Immunohistochemical staining: (A) positive expression of NUF2 protein (×200) 
in cancer tissue; (B) negative expression of NUF2 protein (×200) in para-cancer tissue.

Figure 7 Expression of NUF2 protein in patients with different pathological grades and AJCC stages.
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Figure 8 NUF2 mRNA-related up-regulation signaling pathways.
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Figure 9 NUF2 mRNA-related down-regulation signaling pathways.

of KIRC. At present, there is no widely accepted prognosis 
biomarker for KIRC, so NUF2 maybe one of the potential 
effective prognostic marker for KIRC. Recent studies have 
also found some KIRC prognostic factors such as: androgen 
receptors (AR), miR-106b-5p, etc. (12). Combining 
NUF2 with these factors will likely provide more accurate 
prognostic predictions for KIRC.

To validate the expression of NUF2 mRNA in Chinese 
KIRC patients, an immunohistochemical study of KIRC 
specimens from 83 patients was performed and revealed 
that NUF2 protein expression was significantly higher in 
KIRC cancer tissues than in paired para-cancerous tissues. 
In addition, NUF2 protein expression was significantly 
correlated with the pathological grades of patients. These 
protein level findings suggest that the NUF2 gene may 
contribute to the occurrence and development of KIRC 
and can be regarded as an indicator of patient prognosis. 
However, unlike prior research on NUF2 mRNA, our 
findings did not show that the AJCC stage was linked to 
NUF2 protein expression. This may be due to: (I) the 
small sample size, and that most patients were stage I; (II) 
although NUF2 mRNA expression level was related to 
AJCC stages, after translation, post-translational processing, 
etc., the protein expression level of NUF2 was indeed not 
related to stages. In turn, because of these factors, most 
patients had not yet relapsed and died, so the relationship 
between NUF2 protein and patient survival could not be 
examined. Research involving a larger sample size and 
longer follow-up is essential to verify the results. 

GSEA analysis was performed to further explore 
the possible regulatory pathways of NUF2  in the 
development of KIRC and revealed that high expression 

of NUF2 was related to the upregulation of pathways 
such as homologous recombination, DNA replication, 
cell cycle regulation, mismatch repair, and the P53 
signaling pathway. Tumor cells are known to exhibit more 
chromosomal alterations compared to normal cells, and 
upregulation of homologous recombination can lead to 
genetic instability (13). Overactivation of DNA replication 
will also lead to oncogene activation (14), increasing the 
incidence of tumors. Another remarkable characteristic of 
tumorigenesis is the disturbance of cell cycle regulatory 
mechanisms (15). P53 plays a key role in the G1 phase 
monitoring point of the human cell cycle, and mutations 
in this gene are present in more than 50% of tumors, 
including KIRC patients (16). Defects in the mismatch 
repair system are also closely associated with tumors, and 
mutations in any of the genes of this system can result in a 
functional defect, causing microsatellite instability leading 
to increased tumor incidence (17). Our results showed 
that high expression of NUF2 mRNA was associated 
with downregulation of the pathways of propanoate 
metabolism, pyruvate metabolism, the citrate cycle 
TCA cycle, and butanoate metabolism, which have been 
intrinsically linked to tumorigenesis and development (18). 
High expression of NUF2 mRNA in our study was also 
linked to the degradation of valine, leucine, and isoleucine. 
Downregulation of the degradation of branched-chain 
amino acids such as leucine and isoleucine can promote 
tumorigenesis and development through the PI3K/
Akt/mTOR pathway (19). NUF2 was found important 
for the proliferation of colon cancer cells by cell cycle  
regulation (20). In Small Cell Esophageal Carcinoma, 
NUF2 was found to be linked with cell cycle, DNA repair 
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and P53 pathway (21). However, the relationship between 
high expression of NUF2 mRNA in KIRC patients and 
the upregulation or downregulation of these pathways has 
not been investigated by researchers to date, and further 
experiments are needed to verify the mechanism of the 
role of NUF2 in the development of KIRC.

Our results show that NUF2 expression is associated 
with TNM staging, pathological grading, and the prognosis 
of KIRC patients, and that NUF2 can be used as an 
independent prognostic biomarker of KIRC. However, 
further studies are needed to identify its exact mechanisms 
of action. In addition, there are no NUF2 inhibitors 
available for clinical application, which should be one of the 
future research directions.
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