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mechanism of NUF2 in gastric cancer exploration
A comprehensive study based on the GeneChip, GEO,

Oncomine, and TCGA databases
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Abstract

Nuf2 gene in GC patients with Her2 negative.

triple-negative breast cancer.
Keywords: bioinformatic analysis, NUF2

We suggested that Nuf2 could be used as a diagnostic gene as a biomarker of the occurrence and prognosis of GC.
Abbreviations: GC = gastric cancer, FP = first progression, OS = overall survival, PPS = postprogression survival, TNBC =

Nuf2 is a combination of silica and spindle microtubules during the cells in the cells, participating in regulatory cell proliferation Q
apoptosis. Previous studies have shown that the growth of gastric cancer (GC) cells is significantly inhibited after SiRNA-mediated
Nuf2 gene knockout. However, the expression, survival and molecular mechanism of nuf2 in patients with GC are still unclear.
This study revealed the prognostic role of Nuf2 in GC and its relationship with immune cells. The expression of Nuf2 in GC by
TIMER database and Oncomine database, and evaluated the relationship between the expression of Nuf2 and the survival and
prognosis of patients with GC by Kaplan-Meier Plotter database and gene expression profiling interactive analysis database.
Here, we revealed that Nuf2 is highly expressed in GC and is related to the prognosis of patients with GC. And there is a
significant negative correlation between the Nuf2 transcription level and high immune cell infiltration. Notably, the expression of
Nuf2 in GC patients with Her2 negative rather than positive is related to poor OS, FP and PPS, indicating the potential to target

1. Introduction

Gastric cancer (GC) is remain one of the most common can-
cers in the world.[!! In recent decades, the incidence of GC has
declined rapidly worldwide,?' but the reason is not completely
clear. Part of the decline may be due to the identification of cer-
tain risk factors, such as Helicobacter pylori and other dietary
and environmental risks.’! Although the incidence is declining,
the absolute number of new cases annually is growing, mainly
due to the global population aging. In addition, due to some
unknown reasons, the downward trend of morbidity has been
interrupted, which has been replaced by the rising trend of young
patients in recent years.! Serum tumor markers (including CEA
and CA125) are limited to some patients. It is not a diagnos-
tic inspection of the sensitivity and specificity of GC. Therefore,
there is an urgent need to find a new biomarker for early screen-
ing of GC, and in-depth understanding of the molecular patho-
genesis of GC is a prerequisite for controlling this disease.

The cell division-related gene Nuf2 (Nuf2 component of
ndC80 kinetochore complex) is a combination of silica and
spindle microtubules during the cells in the cells, participating
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in regulatory cell proliferation and apoptosis.l* In the cell cycle,
appropriate and accurate chromosomal separation is critical to
maintaining the integrity of the genome, which requires appro-
priate coordination between chromosomes, dynamic particles,
spindles, and NuF2 complexes as mitosis. The interaction and
important checkpoints of spindle fittings play a main role of stabi-
lizing granular-microtubules and ensuring the normal separation
of chromosomes. When silent tumor cells are highly expressed
Nuf2, the moving protein does not form an accessory of the spin-
dle microtube, and the spindle body assembly checkpoint is not
activated, causing abnormal separation of the chromosome to
induce cell death in mitogenic cells.!®” It is reported that Nuf2 is
overexpressed in different types of cancers, including lung cancer,
colorectal cancer, liver cancer, ovarian cancer, and serous adeno-
carcinoma.®'% At present, studies have shown that the growth
of GC cells is significantly inhibited after siRNA-mediated Nuf2
gene knockout. However, the expression, survival and molecular
mechanism of nuf2 in patients with GC are still unclear.

In this study, we revealed the prognostic role of Nuf2 in GC and
its relationship with immune cells. We analyzed the expression of
Nuf2 in GC by TIMER database and Oncomine database, and
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evaluated the relationship between the expression of Nuf2 and the
survival and prognosis of patients with GC by Kaplan—-Meier plotter
database and gene expression profiling interactive analysis (GEPIA)
database. The relationship between Nuf2 and tumor immune infil-
tration biomarkers was analyzed by TIMER and GEPIA. In this
study, we revealed that Nuf2 is highly expressed in GC and is related
to the prognosis of patients with GC. We suggested that Nuf2 can
be used as a diagnostic gene as a biomarker of the occurrence and
prognosis of GC and can be used in patients with GC.

2. Materials and methods

2.1. Oncomine database analysis

Oncomine database (www.oncomine.org) is a cancer profile
database containing relevant tumor gene expression and clin-
ical information.""l We analyzed the transcriptome expression
of Nuf2 in GC tissues and the corresponding normal tissues by
Oncomine. When set Fold change >1.5 and P <.001, we think
that there is a significant difference in its expression. The thresh-
old of Generank is set to the top 10%, and the data type is “all.”

2.2. TIMER database analysis

Tumor Immune Estimation Resource (TIMER) is a web database
for systematical evaluations of the clinical significance of different
immune cells types in 23 cancer types from TCGA database.?
Using multiple immune deconvolution methods could provide
immune infiltrates’ abundances in tumor microenvironment. B
cells, CD8* T cells, CD4* T cells, macrophage cells, neutrophil cells,
and dendritic cells in the tumor microenvironment were defined as
tumor-infiltrating immune cells.!') Nuf2 expression levels in differ-
ent tumors were analyzed in this study based on TIMER database.
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2.3. Kaplan-Meier plotter analysis

Kaplan—Meier plotter (https://kmplot.com/analysis/) can evaluate
the effect of 54K gene (mMRNA, miRNA, protein) on the survival
of 21 cancers, one of which is GC."* We performed an analysis
for the correlation between Nuf2 expression and survival rate
and clinical parameters in GC. Split patients by median as cutoff
parameter and probe set options is user selected probe set.

2.4. GEPIA analysis

GEPIA is web-based tool for normal and tumor gene expression
profiling and interactive analyses, providing critical interactive
and customizable functions, such as differential expression anal-
ysis, correlation analysis, patient survival analysis, etc.'S! We
used GEPIA database analyzing the relationship between Nuf2
expression and different immune cell biomarkers. Spearman
method with default parameters were set in this analysis.

2.5. Institutional Review Board Statement

This article is dispensed from Institutional Review Board Given
for the results in this study from public database.

3. Results
3.1. Expression of Nuf2 in GC

By using the Oncomine database, the expression level of Nuf2
in GC tissues is significantly higher than that of its normal tis-
sue (Fig. 1A). In addition, the data of GC are analyzed in the
TIMER database and the GEPIA database (Fig. 1B and C), indi-
cating that Nuf2 may play a certain role in GC.
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Figure 1. The expression of Nuf2 in tumor tissues. (A) Nuf2 expression in gastric tumor tissue compared to that in normal tissues (via Oncomine). (B) and (C)

Nuf2 expression in different cancers (via TIMER and GEPIA) (**P < .001).
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3.2. Prognostic role of Nuf2 in GC

The Kaplan-Meier plotter for GC provides detailed surviv-
al-related prognosis, including overall survival (OS), first
progression (FP), and postprogression survival (PPS). The
analysis showed that the OS of GC patients with low expres-
sion of Nuf2 was significantly worse than that of patients
with high expression (Fig. 2A, hazard ratio [HR] = 0.67, 95%
confidence interval [CI] = 0.54-0.84, P = .00036), and the
possibility of FP was significantly higher than that of patients
with high expression (Fig. 2B, HR = 0.71, 95% CI = 0.56-
0.91, P = .0055). Interestingly, in postoperative patients with
GC, patients with low expression of Nuf2 are also more likely
to relapse after operation than those with high expression
(Fig. 2C, HR = 0.54,95% CI = 0.4-0.71, P = 9.1e-06). These
results indicating that the low expression of NUF2 may lead
to the progress of GC, which may be the potential prognostic
biological marker of GC patients.

3.3. Correlations between Nuf2 and clinical characteristics
in GC patients

Using the Kaplan—-Meier plotter database, the relationship
between expression of Nuf2 and diverse clinical characteris-
tics in GC patients was analyzed. These clinical features con-
tain gender, Her2 status, Lauren classification, N stage, and M
stage. For the factor of gender, low expression of Nuf2 was
associated with poor OS and PPS but not FP for GC patients. It
is worth exploring that the expression of Nuf2 in GC patients
with Her2-negative rather than positive is related to poor OS,
FP, and PPS (Table 1). Notably, in terms of Lauren classifica-
tion, Nuf2 expression was only associated with diffuse type
but not intestinal type (Table 1). The expression level of Nuf2
was significantly correlated with OS, FP, and PPS when lymph
node metastasis occurred in GC patients. While in the state
of no metastasis, the expression level of Nuf2 in GC patients
tends to be related to OS, FP, and PPS (Table 1). The differ-
ences of clinical factors indicate that the specific clinical con-
ditions of patients should be considered when using Nuf2 as
a biomarker.

3.4. Associations between Nuf2 and immune cell
infiltration in GC

We used TIMER database to study the relationship between the
expression of Nuf2 and the level of immune cell infiltration. In
a nutshell, there was a significant negative correlation between
the Nuf2 transcription level and high immune cell infiltration
(Fig. 3). As shown in Figure 3, the expression of Nuf2 is sig-
nificant negative associated with macrophages (R = 0.258, P =
3.43e-07), neutrophils (R = -0.178, P = 5.10e-04), B-cell infil-
tration (R = -0.116, P = 2.36¢-02), CD4+ T cells (R = —0.166,
P =1.17¢-03), CD8 + T cells (R = -0.132, P = 9.98e-03), and
dendritic cells (R = -0.217, P = 2.12e-053).

3.5. Relationship between biomarkers of different immune
cell subsets and Nuf2 gene expression

We analyzed the relationship between tumor infiltration immu-
nocytes and Nuf2 through GC cells immunization biomarker
gene expression. Different kinds immunocytes in GC tissues
were analyzed by TIMER and GEPIA database, including B
cells, T cells, and their respective subpopulations (adjuvant T
cells 17 [Th17], helper T cells 2 [Th2], adjuvant T-cell 1 [Th1],
exhausted T cells, follicular helper T cells [Tfh], regulatory T
cells [Tregs], dendritic cells, monocytes, CD4 + T cells, CD8 +
T cells, natural kill cells [NKS], neutrophil, M1 macrophage,
M2 macrophages, and tumor-related macrophages [TAMS]).

www.md-journal.com
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Figure 2. Relationship between Nuf2 expression and prognostic survival in
GC patients via Kaplan—Meier plotter analysis. (A) Overall survival, n = 631;
(B) First progression survival, n = 522; (C) Postprogression survival, n = 384.

The results showed that the expression of Nuf2 in GC and the
expression of most biomarkers in immune cells have significant
negative correlation (Table 2).
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Nuf2 expression in GC with clinicopathological factors by Kaplan-Meier plotter.

Overall survival First progression Postprogression survival
Characteristics N Hazard ratio Pvalue N Hazard ratio Pvalue N Hazard ratio Pvalue
Gender Female 187 0.53 (0.34-0.83) .0043 179 0.61 (0.39-0.94) .023 127 0.31(0.18-0.53)  6.60E-06
Male 349 0.69 (0.52-0.93) .015 341 0.86 (0.64-1.15) 3 256 0.65 (0.47-0.91) .012
Her2 status Negative 429 0.58 (0.44-0.76)  6.5E-05 356 0.67 (0.5-0.9) .0076 283 0.58 (0.42-0.82) .0016
Positive 202 0.94 (0.65-1.37) .76 166 0.85 (0.56-1.28) 43 101 0.65 (0.4-1.07) .087
Lauren classification Instestinal 269 0.79 (0.55-1.14) 2 263 0.87 (0.61-1.23) 43 192 0.68 (0.45-1.03) 064
Diffuse 240 0.59 (0.42-0.84) .0029 231 0.7 (0.49-0.99) .041 176 0.62 (0.42-0.91) 013
Mixed 29 0.75 (0.25-2.23) 6 28 1.78 (0.66-4.79) .25 / / /
N status NO 74 0.38(0.15-0.99) 041 72 0.39 (0.15-1) .042 41 0.33 (0.09-1.22) .081
N1 422 0.64 (0.49-0.84) .0011 423 0.7 (0.55-0.91) .0069 337 0.56 (0.42-0.75)  8.40E-05
M status MO 444 0.63 (0.47-0.83) .0012 443 0.69 (0.53-0.9) .0069 342 0.55 (0.41-0.75)  .00013
M1 56 0.51 (0.28-0.92) .02 56 0.79 (0.44-1.44) 44 36 0.4 (0.18-0.88) 018
Bold values indicate P < .05. P < .05 denotes significance.
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Figure 3. The analysis of immune cell infiltration for Nuf2 expression in GC tissues via TIMER. GC = gastric cancer.

By comparing the analysis results of TIMER and GEPIA,
the results of the 2 databases are mostly consistent. CD8+T-
cell biomarkers (CD8A), T-cell (general) biomarkers (CD2,
CD3E, CD3D), B-cell biomarkers (CD19, CD79A), mono-
cyte biomarkers (CD86, CD115), TAM biomarkers (CCL2,
CD68, 1L10), M2 macrophage biomarkers (CD163, VSIG4,
MS4A4A), neutrophil biomarkers (CD11b, CCR7), den-
dritic cell biomarkers (HLA-DPB1, HLA-DQB1, HLA-DRA,
HLA-DPA1, BDCA-1, BDCA-4, CD11c), Th1l biomarkers
(STAT4,STAT1), Th2 marker (GATA3, STATS5A), TFH marker
(BCL6), and Tregs marker (transforming growth factor-f3) all
showed consistent and significant negative correlation in the
results of the 2 data.

4. Discussion

Upper digestive tract cancer is a highly fatal malignant tumor.
According to Global Cancer Statistics 2020, the number of new
cases and deaths of GCin 2020 is about 1,089,103 and 768,793,
respectively, ranking fifth and fourth among all cancer cases.!'?!
With the improvement of dietary structure and the progress of
comprehensive treatment based on surgical treatment and other
factors, the incidence and mortality of GC have been declin-
ing for decades, but GC is still the main type of cancer in the
world and shows a younger trend, although surgery is the most
important and effective method for radical cure of GC at pres-
ent. However, in China, many patients with GC are already in
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Correlation analysis between Nuf2 and biomarker genes of
immune cells in gastric cancer.

Cor FDR Cor FDR
CD8+ T cell CD8A -0.14 6.43E-03  -0.21 1.3E-05
CD8B 0.021 0.0679 -0.035 0.48
T cell (general) CD3D -0.143  537E-03 -0.22 6.8E-06
CD3E -0.166 1.22E-03  -0.25 5.2E-07
CcD2 -0.118 0.022 -0.19 0.00013
B cell Ccb19 -0.161 1.65E-03  -0.17 0.00066
CD79A -0.26 2.80E-07  -0.33 7.7e-12
Monocyte CD86 -0.107 0.0378 -0.17 5e-04
CD115 -0.2568  3.37E-07  -0.26 5.9e-08
TAM CCL2 -0.273  6.54E-08  -0.31 2.5e-10
CD68 -0.121 0.0183 -0.14 0.0034
IL10 -0.108 0.0348 -017 0.00063
M1 Macrophage iNOS 0.063 0.219 0.1 0.027
IRF5 -0.139  6.88E-03  —0.089 0.072
COX2 —-0.026 0.614 -0.072 0.15
M2 Macrophage CD163 -0.142  545E-03 -02 3.2e-05
VSIG4 -0.222 1.24E-05 -0.23 1.6e—06
MS4A4A  -0.225  9.33E-06 -0.26 1.8e-07
Neutrophils CD66h 0.149  3.74E-03 0.085 0.088
CD11b —-0.198 1.00E-04 -0.22 1.1e-05
CCR7 -0.283  2.05E-08 -0.35 3.9e-13
Natural killer cell KIR2DL1 0.026 0.618 —-0.066 0.19
KIR2DL3 0.061 0.24 —-0.054 0.28
KIR2DL4 0.11 0.0316 0.025 0.61
KIR3DL1  —0.024 0.647 -0.11 0.033
KIR3DL2 0.018 0.724 -0.083 0.096
KIR3DL3 0.049 0.342 0.033 0.51
KIR2DS4  —0.011 0.831 —-0.044 0.38
Dendritic cell HLA-DPB1  -0.243 1.67E-06  -0.29 1.4e-09
HLA-DQB1  -0.167 1.1E-03 -0.22 6.5e—06
HLA-DRA  -0.153  2.77E-03  -0.2 6.5e-05
HLA-DPA1 0.2 8.7E-05 -0.16 0.0012
BDCA-1 -0.377  3.10E-14  -0.29 1.8e-09
BDCA-4  -0.208  4.44E-05  -0.1 0.04
CD11c -0.089 0.0833 -0.13 0.0071
Thi T-bet -0.097 0.0601 -0.15 0.0031
STAT4 -0.145  4.82E-03 -0.12 0.017
STATT 0218  1.79E-05 0.21 2.6e—05
IFN-g 0.163  1.49E-03 0.0098 0.84
TNF-a 0.006 0.906 —-0.063 0.21
Th2 GATA3 -0.196 1.26E-04 -0.15 0.0021
STAT6 —-0.099 0.053 0.012 0.81
STAT5A  -0.122 0.017 -0.12 0.016
IL13 0.026 0.618 —-0.099 0.046
Tth BCL6 -0.282  2.26E-08 -0.1 0.036
IL21 0.121 0.0186 -0.02 0.69
Th17 STAT3 -0.113 0.0276 -0.042 0.4
IL17A 0171 8.01E-4 0.045 0.36
Treg FOXP3 -0.014 0.782 -0.09 0.068
CCR8 —-0.043 0.407 -0.079 0.1
STAT5SB -0.117 0.0227 -0.073 0.14
TGFb -0.237  313E-06 -0.18 0.00031
T cell exhaustion PD-1 -0.014 0.782 0.0023 0.96
CTLA4 0.093 0.0698 0.15 0.002
LAG3 -0.023 0.658 —-0.053 0.28
TIM-3 —-0.084 0.102 -0.11 0.033
GZMB 0.113 0.0274 -0.02 0.69
TOX —0.258 3.4E-7 0.0044 0.93
TIGIT -0.06 0.241 -0.14 0.0035

Bold values indicate P < .05.

the middle and late stages when they are first diagnosed, inva-
sion and metastasis, immune escape, and so on further reduce
the long-term survival rate of patients with GC, so that the
prognosis of patients with advanced GC is poor. In this study,
through a series of bioinformatics analysis, combined with the
open database, we analyzed the expression level of Nuf2 gene in
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GC and corresponding normal tissues, and the effects of Nuf2
expression on survival prognosis and immune cell infiltration
in patients with GC. We found that the expression of Nuf2 in
GC tissues was significantly higher than that in corresponding
normal tissues, but an interesting phenomenon was that the OS
time, FP, PPS of patients with high expression of Nuf2 were sig-
nificantly better than those with low expression of Nuf2, indi-
cating that Nuf2 may be a protective factor in patients with
GC. This is different from previous studies, which suggested
that Nuf2 is an oncogene in liver cancer and breast cancer.!'!8!
Moreover, subgroup analysis showed that patients with high
expression of Nuf2 had better prognosis in GC patients with
Her2 negative, diffuse classification, and local lymph node posi-
tive and without distant metastasis, respectively.

While in patients with Her2-positive GC, other GC types, local
lymph node negative and distant metastasis patients, different
Nuf2 expression levels had no significant difference in prognosis.
Zhai et al'® demonstrated that the triple-negative breast cancer
(TNBC) patients with higher NUF2 expression level had signifi-
cantly reduced the survival. The results of several clinical trials
after the ToGA study further verified the efficacy and safety of
trastuzumab in the treatment of HER2 positive advanced GC.""!
Patients with HER2 positive gastric adenocarcinoma can use
trastuzumab to improve prognosis, while the difference in the
expression level of Nuf2 in HER2-negative patients indicates the
potential to target Nuf2 gene. There is remain no research on
the expression of Nuf2 in GC in HER2-negative, and its prog-
nostic effects are required to be verified by further basic exper-
iments. Gastric adenocarcinoma can be divided into intestinal
and diffuse types. The prognosis of intestinal type GC is better,
while the prognosis of diffuse type GC is worse, the cancer cells
spread faster and it is more difficult to treat. The downregula-
tion of tumor suppressor genes P27, P53, P1, and Rb, and the
overexpression of oncogenes Myc and Bcl-2 in GC often indi-
cates a poor prognosis.?”! The overexpression of matrix metal-
loproteinase-2 (MMP-2) and MMP-7 is related to lymph node
metastasis, depth and extent of invasion, indicating a poor clin-
ical outcome.?!l The expression level of homologous lost phos-
phatase-tensin gene (PTEN) on chromosome 10 was negatively
correlated with invasion, metastasis, and Lauren classification of
GC, suggesting that the suppression of PTEN expression indi-
cates the malignant progression of GC.??! Our results show that
GC patients with high expression of Nuf2 have a good prognosis
in diffuse GC, suggesting that Nuf2 may be a potential tumor
suppressor gene in patients with gastric diffuse adenocarcinoma,
and further study of molecular mechanism is needed.

Cell division-related gene Nuf2, as an important part of
NDC80 complex, participates in kinetochore-microtubule
adhesion and is involved in the important process of cell mitosis
and tumorigenesis and development. Abnormal expression of
Nuf2 in tumor tissue can induce mitotic cell abnormality and
lead to cell death, which leads to tumor. In previous studies, it
was suggested that the overexpression of Nuf2 was associated
with poor prognosis.!'”!8! But interestingly, in our study, there is
a contradiction between the role of Nuf2 in patients with gas-
tric adenocarcinoma and its role in other cancers, that is, high
expression of Nuf2 shows a better prognosis. Therefore, further
laboratory verification is needed to confirm the role of overex-
pression of Nuf2 in improving the prognosis of patients with
gastric adenocarcinoma.

Several cytotoxic drugs are effective against GC, including flu-
oropyrimidines, platinum (cisplatin, oxaliplatin), taxanes (pacli-
taxel, docetaxel), and irinotecan. However, advances in molecular
targeted therapy and immunotherapy have significantly changed
first-line therapy in addition to cytotoxic chemotherapy alone.
At present, it is believed that all patients with GC should eval-
uate the existence of mismatch repair defect (IMMR) micro-
satellite high instability (MSI-H) and programmed cell death
ligand 1 (PD-L1) overexpression.?>*!l The rapid development
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of immunotherapy brings a glimmer of light to the treatment
of GC. In this study, it was found that there was a significant
negative correlation between Nuf2 and a variety of immune
cells, suggesting that Nuf2-mediated gastric carcinogenesis may
mobilize the activity of these immune cells and make them play
an antitumor role. In this study, we found that the expression
of Nuf2 was significantly related to the biomarker genes of T
cells, B cells, monocytes, TAM cells, M2 macrophages, dendritic
cells, and other immune cells. These findings may contribute to
the development of new immunotherapy for GC patients whose
existing immunosuppressive checkpoints (such as PD-1) inhibi-
tors are ineffective. However, the analysis results of Table 2 show
that Nuf2 is only related to some biomarkers of immune cells,
indicating that there is a certain specificity, which also provides a
certain basis for future immunotherapy.

The advantage of this study is to use the sequencing data
of GC in a variety of databases, including a large number of
samples, and the clinical data are relatively complete. However,
it needs to be emphasized that although bioinformatics analy-
sis can comprehensively and quickly mine potential data and
functional biomolecules, there is the possibility of false-positive
results, which need to be further verified by cytological and
molecular biology experiments. Therefore, the purpose of our
work is to provide a fast and simple method for screening func-
tional genes and to point out the direction for future research.
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