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Background: Head and neck squamous cell carcinoma (HNSC) is one of the most common
tumors worldwide. Nuclear transport factor 2 (NUTF2) plays a key role in cell death and
immune processes. However, few reports have studied correlations between NUTF2 gene
expression and the occurrence and development of HNSC.

Methods: The expression of NUTF2 was analyzed using publicly available databases,
including the Cancer Genome Atlas and Human Protein Atlas and Gene Expression
Omnibus (GEO) database, which was validated by RT-PCR. We evaluated the functions of
NUTF2 with Kaplan—Meier curve, logistic regression were used to study the relationship
between clinicopathological features and the expression of NUTF2. Cox regression analyses
were used to identify the effects of NUTF2 expression on survival. Gene Ontology and Gene
Set Enrichment Analysis were used to explore relevant biological pathways. The relationship
between NUTF2 and tumor-infiltrating immune cells was investigated with on-line bioinfor-
matic tools.

Results: NUTF2 was significantly upregulated in HNSC lesions and is associated with tumor
size (P < 0.01). Increased expression of NUTF2 was linked to shorter overall and progress-free
survival in HNSC. Cox regression analyses revealed that NUTF?2 is an independent prognostic
factor in HNSC. GSEA analysis demonstrated that NUTF2 negatively regulates several immune
pathways. NUTF2 was correlated with the infiltrating levels of B cells and CD8+ T cells and was
negatively correlated with diverse immune marker sets in HNSC.

Conclusion: NUTF2 is highly expressed in HNSC and correlates with poor prognosis.
Correlation with immune functions suggests that NUTF2 may serve as a biomarker and
therapeutic target for HNSC.

Keywords: NUTF2, head and neck squamous cell carcinoma, immune infiltration,
prognostic biomarker

Introduction

Head and neck squamous cell carcinoma (HNSC) is the seventh most common
cancer in the world, with approximately 880,000 new cases each year. HNSC
includes cancers of the hypopharynx, oropharynx, lips, mouth, nasopharynx, nose,
tongue and throat." Smoking and alcohol consumption are considered to be the
most common risk factors, accounting for 75% of HNSC.? Surgical resection,
radiotherapy and chemotherapy are effective methods for the treatment of HNSC
in some patients, but the prognosis in many cases of HNSC is still poor, as the
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5-year survival rate remains lower than 50%. Therefore,
there is an urgent need for research into new tumor mar-
kers and new therapeutic targets in HNSC.

One molecule with potential importance to HNSC is
nuclear transport factor 2 (NUTF2), also known as NTF2,
which has been shown to be involved in the progression of
a variety of tumor types. NUTF2 interacts with both the
small G protein RAN and nucleoporins that contain repeat-
ing FXFG motifs in order to promote the nuclear import of
various protein clients.” NUTF2 plays an important role in
cell cycle progression and immune and apoptotic
responses.” During the process of nuclear transportation,
NUTEF2 and FxFG-containing nucleoporins interact to pro-
mote the formation of the nuclear pore complex (NPC).°

NUTF2 may be a potential tumor biomarker.”® Studies
have shown that NUTF2 may play a concentration-
dependent but important role in the nuclear size is sensi-
tive to NUTF2 protein levels dependent on Ran binding
import of p110 retinoblastoma protein.’ In addition, low
expression of NUTF2 affects the size of the nucleus in
melanoma cells.” NUTF2 expression was upregulated in
glioma tissues and promoted the proliferation, migration
and invasion of glioma cells.® While the concentration of
NUTEF2 is important in these cancer types, little is known
about the role of NUTF2 in HNSC.

In this study, we analyzed the expression level of NUTF2
in HNSC and investigated its clinical implications based on
the Cancer Genome Atlas (TCGA) database'® and Gene
Expression Omnibus (GEO) database, we also confirmed
the expression patterns with quantitative RT-PCR. We also
analyzed the relationship between NUTF2 and clinicopatho-
logical characteristics of patients with HNSC and thus the
prognostic value of NUTF2 expression in HNSC. We used
Gene Ontology (GO) enrichment analyses and Gene Set
Enrichment Analyses (GSEA) to explore the correlation of
NUTF2 expression with immune pathways. Finally, we per-
formed a preliminary exploration of the degree of correlation
of NUTF2 expression with characteristics of the tumor
immune microenvironment (TIM) in HNSC patients. The
results of this study clarify the important role of NUTF2 in
HNSC and show that it may serve as a new target for the
diagnosis and treatment of HNSC.

Materials and Methods

Data Acquisition
Data quantifying the expression of NUTF2 mRNA in
HNSC, as well as clinical information of the associated

HNSC patients, were obtained from the Cancer Genome
Atlas (TCGA) databases and the Genomic Data Commons.
Files included data from 518 HNSC and 44 adjacent
normal tissue samples. We also selected two datasets
(GSE41613"" and GSE65858'?) containing HNSC tissue
and normal samples from the Gene Expression Omnibus
(GEO) database.”® The online tool, the Human Protein
Atlas (HPA), was used to detect NUTF2 protein expres-
sion in HNSC and matched normal tissues. Overall survi-
val (OS) and disease-free survival (DFS) were calculated
using Kaplan—-Meier curve analyses. Relationships
between NUTF?2 expression and clinicopathological fea-
tures were analyzed using logistic regression. Univariate
and multivariate analyses were performed using Cox pro-
portional hazard regression model to evaluate whether
NUTF?2 could be used as an independent prognostic factor

for HNSC.

Cell Lines and Human Tissue Samples

HNSC cell lines (Cal-27, SCC-15 and SCC-25) and pri-
mary normal human oral keratinocytes (NHOK) were
obtained from the Institute of Biochemistry and Cell
Biology of the Chinese Academy of Sciences (Shanghai,
China). These cells were grown in Roswell Park
Memorial Institute-1640 medium (RPMI-1640; Gibco,
Waltham, MA, USA) containing 10% fetal bovine serum
(FBS, Gibco) and 1% penicillin and streptomycin at 37°C
and 5% CO,. Human tumor tissues and their paired adja-
cent noncancerous samples (n = 19) were collected from
First Hospital of Shanxi Medical University (Shanxi,
China) from January 2017 to January 2020. The anatomi-
cal sites of the enrolled samples included mouth, tongue,
nasopharynx, and oropharynx. All samples were from
patients who had not been treated with chemotherapy or
radiotherapy before surgery. All collection procedures
were approved by the Ethics Committee of Shanxi
Medical University, and the study was performed in
with the World Medical
Declaration of Helsinki. Written informed consent was

accordance Association

obtained from all the patients.

Quantitative RT-PCR

Total RNA was extracted with TRIzol reagent (Invitrogen)
according to the manufacturer’s instructions and tran-
scribed into cDNA. The amount of specific cDNA present
was determined in real-time PCR assays using a SYBR
Green kit (Roche). The primers were as follows: NUTF2
Forward: 5'-CAGCCCCTCGGGTCTCC and Reverse: 5' -
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AGCTATCTGGAGTGGGCTGA; and GAPDH Forward:
5'-TGGCTTCATAGGTGACTTCCA and Reverse: 5' -
AAGGACCTGTCTAGGTTTGATGC.

Western Blot Analysis

Cells were washed with cold PBS and lysed in RIPA buffer in
4°C. Protein Samples (30 mg) were separated on 8% SDS—
PAGE gel and transferred to PVDF membranes at (250 mA, 2
h). Membranes were blocked in 5% fat-free milk in TBST for 1
h at room temperature and incubated with appropriate diluted
primary antibodies GAPDH (Sungene Biotech, Tianjin, China,
KM9002, 1: 5000), NUTF2 (Abcam, ab254146, 1: 1000) were
used for staining overnight at 4°C, then washed 10 min three
times by cold PBS, and incubated with HRP-conjugated anti-
body for 1 h at room temperature, washed 10 min three times.
The blots were developed in ECL mixture and visualised by
Image.

Transfection

NUTF2-siRNA (SC-36105) and non-target siRNA were pur-
chased from Santa Cruz Biotechnology Company. The cells
were plated on six-well plates and were transfected using 8 puL.
of the required siRNA (20uM) together with 8puL
Lipofectamine 2000 according to the manufacturer’s
instructions.

MTT Assay

The anti-proliferative effects of NUTF2 knockdown were
determined by MTT assay. Cells were plated onto 24-well
plates. At various time points indicated, MTT solution
(Promega, Madison, WI) was added onto cells for 2 h,
then media were removed, DMSO was used to dissolve the
MTT salt, and ODs were measured at 570 nm.

Flow Cytometry

Cell apoptosis was analyzed by flow cytometry. HNSC
cellline SCC-25 infected with NUTF2-siRNA, or negative
controls were trypsinized and resuspended. Annexin
V-APC was added to stain in the dark for 15 min, and
the percentage of cellular phase was determined by flow
cytometry to evaluate the rate of apoptosis.

Enrichment and GO Function Analyses

The LinkedOmics platform was used to identify genes that
are co-expressed with NUTF2in HSNC.'* GO functional
analyses performed with the R package
“clusterProfiler” (V3.14.0),'” where values with P values

were

less than 0.05 and false discovery rates less than 0.05 were
considered to be statistically significant.

GSEA (version 4.0.3), a Java desk application, was used to
determine differences in biological pathways between two
groups that were classified relative to the median expression
of NUTF2."® The file h.all.v7.1.symbols.gmt was used as
a reference gene set. The result was calculated after 1000
cycles. A series of gene sets were selected based on the
standard P value less than 0.05 and false discovery rate less
than 0.25.

Immune Score and Stromal Score Analysis
Estimation of STromal and Immune cells in MAlignant Tumor
tissues using Expression data (ESTIMATE) is a public source
algorithm for predicting and estimating infiltrating immune
and stromal cells in tumor tissues based on gene expression
profiles.'” In this study, we estimated the stromal scores and
immune scores based on specific biomarkers associated with
the infiltration of stromal and immune cells in HNSC tumor
samples, and we analyzed the relationships between NUTF2
expression and the stromal and immune scores.

Immune Cell Infiltration Analysis

The Tumor IMmune Estimation Resource (TIMER) algo-
rithm is a web portal that permits evaluation of the degree
of immune cell infiltration and provides a systematic analysis
of immune infiltrates across diverse cancer types.'® We inves-
tigated the relationship between NUTF2 expression and the
abundance of tumor-infiltrating immune cells, including CD4
+ T cells, CD8+ T cells, B cells, neutrophils, dendritic cells
and macrophages, in HNSC. Moreover, correlations between
NUTEF2 expression and tumor-infiltrating immune cell gene
markers were also detected via correlation modules.

Statistical Analysis

All analyses were conducted on R software (version
4.0.4). The association between the expression level of
NUTF2 in HNSC samples and OS and progression-free
survival (PFS) were assessed using a Kaplan—Meier plot.
Univariate and multivariate survival analyses were per-
formed using a Cox proportional hazard regression model.

Results

The Expression Profile of NUTF2 in HNSC
The TCGA pan-cancer RNA-seq datasets revealed that
NUTF2 was significantly up-regulated in multiple cancers,
including head and neck squamous cell carcinoma (HNSC)
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(Figure 1A and B), bladder urothelial carcinoma (BLCA),
breast invasive carcinoma (BRCA), cholangiocarcinoma
(CHOL), colon adenocarcinoma (COAD), esophageal carci-
noma (ESCA), kidney chromophobe (KICH), kidney renal
papillary cell carcinoma (KIRP), liver hepatocellular carci-
noma (LIHC), lung adenocarcinoma (LUAD), lung squamous
cell carcinoma (LUSC), prostate adenocarcinoma (PRAD),
rectum adenocarcinoma (READ), stomach adenocarcinoma
(STAD), thyroid carcinoma (THCA), uterine corpus endome-
trial carcinoma (UCEC) and uterine corpus endometrial carci-
noma (UCEC) (Figure 1A). Interestingly, in TCGA datasets,
a lower expression of NUTF2 was observed in human papil-
loma virus-positive tumors than in negative samples
(Figure 1A, P <0.001).

In addition, tumor sections from patients with HNSC
demonstrated a higher expression of NUTF2 than paired
normal tissues (Figure 1C; P <0.001). Representative immu-
nohistochemistry images available from HPA also confirm
that NUTF2 protein expression is moderately higher in tumor
samples than in normal samples (Figure 1D).

In order to further evaluate the expression level of NUTF2
in HNSC tissue, we performed quantitative RT-PCR to com-
pare mRNA levels between a non-cancerous cell line
(NHOK) and various HNSC cell lines, including Cal-27,
SCC-15 and SCC-25. As shown in Figure 1E, NUTF2
mRNA expression was significantly higher in HNSC cell
lines than in NHOK cells (Cal-27 vs NHOK, P = P < 0.001;
SCC-15vs NHOK, P<0.001; SCC-25 vs NHOK, P<0.001).
We also quantified the expression of NUTF2 mRNA in tumor
samples and adjacent non-cancerous tissues from 19 patients
with HNSC. The expression of NUTF2 was significantly
higher in tumor tissues relative to normal tissues (Figure 1F,
P < 0.001). We also performed Western blot analysis to
compare protein levels between a non-cancerous cell line
(NHOK) and HNSC celllines, its shows that NUTF2 protein
expression was significantly higher in HNSC cell lines than in
NHOK cells (Figure S1A). We knockdown NUTF2 protein
expression by special Si-RNA in SCC-25 cells (Figure S1B)
and found that cell proliferation ability were decreased and
cell apoptosis rate were increased after transfection

(Figure S1C and D).

NUTF2 Overexpression Predicts Poor
Prognosis in HNSC

Next, we sought to determine the value of NUTF2 expression
levels for the prediction of patient outcomes. Survival analyses
were conducted based on survival time (OS and PFS) and

expression of NUTF2 mRNA. The Gene Expression
Profiling Interactive Analysis (GEPIA)' website was used to
perform a Kaplan—Meier analysis. This analysis demonstrated
that in HNSC, a group associated with high expression of
NUTF2 was significantly associated with poor OS (P <
0.0001; HR = 1.7) and poor DFS (P = 0.002 HR = 1.7) as
compared with a group characterized by low expression
(Figure 2A and B).

Further, we downloaded data from the Gene Expression
Omnibus database (GSE41613 and GSE65858) to analyze the
OS associated with different levels of NUTF2 expression in
HNSC tissues. The results were consistent with the analysis
from GEPIA that NUTF2-high expression group had poor OS
(GEO41613:P=0.032, HR = 0.346 and GEO65858:P =0.429,
HR =0.847) in HNSC (Figure 2C and D). A meta-analysis was
performed on these results (Figure 2E). Because the I? value
was less than 50% (12 = 21%) and the value of P was greater
than 0.05 (P =0.28), we chose a fixed effect model. The results
of this meta-analysis were visualized using a forest plot and
suggest that NUTF?2 is indeed a high-risk gene in HNSC (HR =
1.38; 95% CI: 1.12-1.70).

Logistic regression analyses similarly showed that the
expression of NUTF2 in HNSC was only correlated with
tumor size (T2 vs T1: OR = 0.327, P=0.031; T3 vs T1: OR
=0.368, P=0.026; T4 vs T1: OR=0.310, P=0.016) and HPV
Status (Positive vs Negative: OR = 0.311, P =0.008), with age
(>65 vs <65: OR = 1.092, P =0.622), gender (male vs female:
OR =1.154, P=0.478), clinical stage (stage Il vs stage I: OR =
0.969, P =0.901; stage III vs stage I: OR = 0.927, P =0.775;
stage IV vs stage I: OR = 1.055, P = 0.855), lymph node
metastasis (N1+2 vs NO: OR = 0.981, P = 0.947), distant
metastasis (M1 vs MO: OR = 0.765, P = 0.986), or Smoking
(Smoking vs No Smoking: OR = 1.041, P = 0.848) (Table 1).

A univariate Cox regression analysis showed that age
(HR, 1.02; 95% CI, 1.01-1.0; P = 0.007), lymph node
metastasis (HR, 1.40; 95% CI, 1.11-1.80; P = 0.005), and
high NUTF2 expression (HR, 1.50; 95% CI, 1.04-2.20;
P = 0.028) were
(Figure 2F). A multivariate Cox regression analysis
demonstrated that age (HR, 1.023 95% CI, 1.010-1.036;
P < 0.001) and high NUTF?2 expression (HR, 1.383; 95%
CI, 1.058-1.807; P = 0.018) were both independent prog-
nostic factors in HNSC and thus predictors of poor overall

important predictors of survival

survival in HNSC cases (Figure 2G).

The results demonstrate that the expression level of
NUTF?2 is a factor that can strongly and independently
predict OS and DFS of patients with HNSC and holds
important value in identifying high-risk HNSC patients.
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Table | Relationship Between Clinical Features and NUTF2 Expression in HNSC Patients (Logistic Regression)

Clinicopathological Parameters | Total (N) Odds Ratio in HNSC Expression P-value
Age

265 vs <65 518 1.092(0.768-1.552) 0.622
Gender

Male vs female 518 1.154(0.776-1.719) 0.478
T classification

T2vs Tl 105 0.327(0.098-1.032) 0.031
T3vsTI 283 0.368(0.107—1.100) 0.026
T4vs Tl 78 0.310(0.084-0.093) 0.016
N classification

N1+2 vs NO 406 0.981(0.553—1.739) 0.947
distant metastasis

Mlvs MO 286 0.765(0.6976—1.8675) 0.986
Stage

Stage Il vs Stage | 200 0.969(0.594—1.582) 0.901
Stage Ill vs Stage | 241 0.927(0.551-1.558) 0.775
Stage IV vs Stage | 170 1.055(0.578-1.940) 0.855
HPV status

Positive vs Negative 126 0.311(0.126-0.725) 0.008
Smoking

Smoking vs No Smoing 516 1.041(0.683—1.591) 0.848

GO Analysis and GSEA ldentifies a
NUTF2-Associated Immune Signature

To investigate the underlying mechanisms of the involvement
of NUTF2 in HNSC, TCGA databases were accessed through
an online portal, LinkedOmics,'* to analyze the genes asso-
ciated with NUTF2 in HNSC. The resulting volcano map
shows that there is a correlation between 6512 significant
genes and NUTF2in HNSC as determined by a Pearson test
(Figure 3A). Similarly, heat maps show the top 50 genes in
HNSC that are negatively and positively correlated with
NUTF?2 (Figure 3B and C).

A GO enrichment analysis predicted the functional
roles of target genes on the basis of three aspects, includ-
ing biological process, cellular component and molecular
function. We found that humoral immune response, immu-
noglobulin mediated immune response, B cell-mediated
immune response and lymphocyte-mediated immune
regulated by NUTF2 in HNSC
(Figure 3D). The associated genes were largely related to

response  were
immunoglobulin complexes, and the gene products were
mostly located on the external side of the plasma mem-

brane (Figure 3D). The molecular functions of associated

gene products tended to be related to antigen binding and
immunoglobulin receptor binding (Figure 3D).

GSEA of the TCGA dataset was performed to further
clarify the impact of NUTF2 on immune function in HNSC.
Genes associated with decreased expression of NUTF2 were
mainly enriched in several immune-related processes and
pathways, including the ATP-binding cassette transporter
pathway, the T cell receptor signaling pathway,*® the B cell
receptor signaling pathway,”' the JAK-STAT signaling
pathway,** the P53 signaling pathway and the Akt-mTOR
signaling pathway. These associations demonstrate that
NUTEF?2 is likely to be involved in immunosuppression in
HNSC patients (Figure 3E-J).

NUTF2 Expression is Associated with
Immune Cell Infiltration in HNSC

In order to assess the immunological role NUTF2 plays in
HNSC, we further investigated its association with immune
and stromal cell infiltration in HNSC. First, we analyzed the
association of immune score, stromal score and NUTF2
expression. The findings indicated that NUTF2 expression

has negative correlations with immune score (R =—0.22; P <
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Figure 3 The biological process associated with NUTF2 in head and neck squamous cell carcinoma (HNSC). (A) The global NUTF?2 significantly correlated genes in the
HNSC cohort were identified by LinkedOmics. Heatmaps showing top 50 genes positively (B) and negatively (C) correlated with NUTF2 in HNSC. Red dot, positively
correlated gene; blue dot, negatively correlated genes. (D) GO enrichment analysis of significantly NUTF2 related genes GSEA results enriched in NUTF2-high expression
group vs NUTF2-low expression group (E-J).
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Figure 4 The Correlation analysis of immune infiltration with NUTF2 expression in HNSC. Immune score (A) and stromal score (B). The association between NUTF2
expression and tumor infiltration immune cells (C). Overall survival (OS) of different immune cells expression in HNSC (D).

0.0001) and stromal score (R =—0.17; P <0.0001) (Figure 4A
and B), which implied that it has a notable impact on levels of
infiltration of stromal and immune cells.

To better understand the profile of immune infiltration in
HNSC, which is associated with NUTF2 expression, we
analyzed the correlation between NUTF2 expression and 6
types of immune cells using a Spearman test in the TIMER
database. Here, the results showed that NUTF2 expression
was negatively correlated with B cells (R = —0.277; P <
0.0001) and CD8+ T cells (R = —0.317; P < 0.0001)
(Figure 4C). Interestingly, TIMER also shows that B cells
low-expression patients and CD8+ T cells low-expression
patients with a poor OS (B cells: P = 0.005, and CD8+ T:
P = 0.237) (Figure 4D). These results suggest that NUTF2

may have a potential regulatory role in the polarization of
B cells and CD8+ T cells into tumor-associated immune
infiltration, which contributes to HNSC.

In order to further study the relationship between
NUTF2expression and tumor-infiltrating immune cells in
HNSC, we used the TIMER database to detect the immune
markers of T cells, CD8 + T cells, B cells, monocytes,
neutrophils, natural killer cells, tumor-associated macro-
phages, M1 and M2 macrophages and dendritic cells in
HNSC. In addition, we also analyzed T cells with different
functions, such as Thl cells, Th2 cells, Th17 cells and
depleted T cells. The results showed that the expression
level of NUTF2 in tumor tissues was closely related to
most of the immune marker sets of immune cells (Table 2).
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Table 2 Correlation Analysis Between NUTF2 and Related Genes and Markers of Immune Cells in TIMER

Dove!

Description Gene Markers HNSC
None Purity Age
Cor P Cor P Cor P
CD8 + Tcell CD8A —0.346 0.000 -0.277 0.000 —0.066 0.134
CD8B —0.358 0.000 —0.242 0.000 0.071 0.105
T cell (general) CD3D —0.300 0.000 —0.298 0.000 0.047 0.282
CD3E —0.346 0.000 —0.299 0.000 0.047 0.285
CDh2 —0.331 0.000 —0.285 0.000 0.063 0.183
B cell CDI19 —-0.313 0.000 —0.261 0.000 —0.018 0.678
CD79A —0.365 0.000 —0.228 0.000 —0.022 0.616
Monocyte CD86 —0.083 0.058 —0.295 0.000 0.057 0.193
CSFIR —0.169 0.000 —0.304 0.000 0.075 0.088
TAM CCL2 —0.108 0.014 —0.258 0.000 0.108 0.013
CDé68 —0.044 0.317 —0.172 0.000 0.013 0.766
ILIO —0.058 0.189 -0.313 0.000 —0.034 0.440
M1 Macrophage NOS2 —0.320 0.000 0.071 0.116 0.040 0.357
IRF5 —0.255 0.000 —0.001 0.975 0.021 0.638
PTGS2 0.045 0.302 0.100 0.027 —0.079 0.073
M2 Macrophage CDl63 —0.067 0.128 —0.286 0.000 0.111 0.011
VSIG4 -0.018 0.684 —0.257 0.000 0.119 0.001
MS4A4A —0.041 0.354 —0.287 0.000 0.101 0.021
Neutrophils CEACAMS —0.161 0.000 0.034 0.448 —-0.010 0.824
ITGAM —0.267 0.000 —0.137 0.000 0.072 0.100
CCR7 —0.360 0.000 —0.322 0.000 —0.031 0.478
Natural killer cell KIR2DLI —0.144 0.000 —0.093 0.038 —0.016 0.716
KIR2DL3 —0.189 0.000 —0.136 0.000 0.028 0.521
KIR2DL4 —0.235 0.000 —0.183 0.000 0.111 0.011
KIR3DLI —0.284 0.000 —0.144 0.000 —0.002 0.959
KIR3DL2 -0.316 0.000 —0.147 0.000 —0.008 0.863
KIR3DL3 —0.142 0.000 —0.086 0.057 —0.066 0.133
KIR2DS4 —0.134 0.000 —0.148 0.000 0.036 0414
Dendritic cell HLA-DPBI —0.256 0.000 —0.302 0.000 0.079 0.073
HLA-DQBI —0.186 0.000 —0.228 0.000 0.062 0.159
HLA-DRA —0.252 0.000 —0.299 0.000 0.072 0.099
HLA-DPAI —0.235 0.000 —0.285 0.000 0.075 0.087
CDIC —0.283 0.000 —0.257 0.000 —0.048 0.272
Thi NRPI 0.070 0.110 —0.207 0.000 0.054 0.218
ITGAX —0.129 0.000 —0.283 0.000 0.092 0.035
TBX2I —0.304 0.000 —0.244 0.000 0.079 0.070
STATI —0.080 0.067 —0.240 0.000 0.040 0.361
IFNG —0.251 0.000 —0.234 0.000 0.125 0.000
TNF 0.053 0.231 —0.127 0.000 —0.114 0.001
Th2 GATA3 —0.099 0.023 —0.227 0.000 0.031 0.474
STAT6 —0.168 0.000 0.069 0.126 0.074 0.090
STAT5A —0.284 0.000 —0.132 0.000 —0.007 0.882
ILI3 —0.185 0.000 —0.154 0.000 0.130 0.000
Tth BCL6 —0.208 0.000 0.175 0.000 —0.020 0.644
IL21 —0.348 0.000 —0.175 0.000 0.065 0.139
Thi7 STAT3 —0.370 0.000 —0.017 0.708 —0.037 0.405
ILI7A —0.274 0.000 —0.102 0.024 0.011 0.8l1
Treg FOXP3 —0.276 0.000 —0.253 0.000 0.006 0.896
(Continued)
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Table 2 (Continued).

Description Gene Markers HNSC
None Purity Age
Cor P Cor P Cor P
CCR8 —0.268 0.000 —0.234 0.000 0.011 0.810
STATSB —0.164 0.000 —0.051 0.256 0.036 0413
TGFBI 0.266 0.000 —0.142 0.000 0.004 0.935
T cell exhaustion PDCDI —0.295 0.000 —0.268 0.000 0.076 0.082
CTLA4 —0.186 0.000 —-0.310 0.000 0.029 0.509
LAG3 —0.157 0.000 —0.237 0.000 0.083 0.059
HAVCR2 —0.140 0.000 —0.277 0.000 0.084 0.056
GZMB —0.216 0.000 —0.264 0.000 0.098 0.025

Notably, we showed moderate correlations of NUTF2
expression in HNSC with the following antigens: CDSA
and CD8B of CD8+ T cells; CD3D, CD3E and CD2 of
general T cells; CD19 and CD79A of B cells; NOS2 of M1
macrophages; CCR7 of neutrophils; KIR3DL2 of natural
killer cells; and TBX21 of Thl cells (P < 0.001; 0.40 >
correlation value > 0.30). After adjustment for tumor purity,
we found that CSFIR of monocytes; IL10 of tumor-
associated macrophages; CCR7 of neutrophils; HLA-DPBI
of dendritic cells; and CTLA4 of exhausted T cell showed
moderate correlations with NUTF2 expression in HNSC (P <
0.001; 0.40 > correlation value > 0.30).

Discussion

HNSC is a serious threat to human health because its early
symptoms are not obvious, and most HNSC patients have
already entered middle or late stages when they are diag-
nosed. Accordingly, the 5-year survival rate remains less
than 50%. Abnormal gene expression may be involved in
tumorigenesis and is associated with the prognosis of
HNSC patients®® 2> and early diagnosis of HNSC is key
to improving OS, reducing DFS and reducing the risk of
recurrence.”® Therefore, the discovery of potential biomar-
kers and the elucidation of the molecular mechanism of
association will contribute to the early diagnosis and
improve prognoses. Unfortunately, the molecular mechan-
isms leading to the development and progression of HNSC
are still unclear.

It has been reported that NUTF2 is important for the
nuclear localization of proteins in vivo, and the NUTF2 protein
is concentrated near transport sites of the nuclear membrane.?’
It is thus a factor involved in nuclear import and export. For
example, it has been reported that the Bloom syndrome (BLM)
protein enters the nucleus through B1, RAN and NUTF2-

dependent pathways. BLM is a member of the DNA helicase
family, and it plays important roles in DNA recombination,
replication and repair.® NUTF2 depletion by siRNA disrupts
the accumulation of BLM protein in the nucleus.” Previous
studies have shown that the diagnosis and staging of cancer is
based on the hierarchical growth of nuclear size,*® and it has
been reported that RAN-recycling function of NUTF2 is
involved in the regulation of nuclear size.” The expression of
NUTEF2 thus may participate in the alteration of the nuclear
size in cancer cells.” However, no previous studies have
reported on the diagnostic and prognostic value of NUTF2 in
HNSC; therefore, the potential role of NUTF2 in HNSC was
the focus of this study.

Here, we analyzed the expression of NUTF2 in HNSC
tissue and normal tissue at both the protein and mRNA levels,
and we found that the expression of NUTF2 was significantly
increased in HNSC tissues compared with normal tissues, and
we found that its overexpression was significantly related to
tumor size. Tumor size is an important clinical indicator of
tumor development, and it is closely related to the degree of
malignancy and metastasis. Considering the clinicopathologi-
cal parameters of TCGA data, high expression of NUTF2 is
closely related to progression to the late T stage of HNSC.
What is more, high expression of NUTF2 was significantly
associated with poor prognosis and poor OS. Additionally,
univariate and multivariate Cox analyses also revealed that
NUTEF2 expression was an independent prognostic factor in
HNSC. All of these results suggest that NUTF2 may serve as
an oncogene in HNSC.

To further investigate the underlying molecular func-
tions and mechanisms of NUTF2 in HNSC, we performed
GO function analysis and GSEA to explore the pathways
enriched in HNSC samples with high or low NUTF2
expression. Results showed that several immune responses

OncoTargets and Therapy 2021:14

5465

Dove:


https://www.dovepress.com
https://www.dovepress.com

Zhang and Gao

Dove

were significantly regulated by NUTF2 in HNSC, and
several immune and inflammatory responses, including
the ATP-binding cassette transport pathway, the T cell
receptor signaling pathway, the B cell receptor signaling
pathway, and the acute myeloid leukemia signaling path-
way, were enriched in low NUTF2 phenotypes. These
results indicate that NUTF2 is negatively associated with
immune-related pathways in HNSC.

The occurrence and mechanisms of tumors are com-
plex and multi-caused, among which immune-related
mechanisms play a crucial role in the development of
HNSC.>'? In oncology, immunotherapy is a hot topic at
present, which has shown remarkable results in HNSC, for
example, pembrolizumab, have been applied to the first-
line treatment of metastatic/recurrent HNSC patients.>*
However, a large number of HNSC patients have failed
to respond to immune checkpoint block (ICB) therapies.*”
Thus, it is urgent to identify the appropriate subtypes of
HNSC suitable for immune checkpoint therapy to amplify
clinical benefit and enhance the antitumor effect.

Notably, NUTF2 is known to be involved in regulating
the cell cycle,® immune responses and apoptosis.*®
Nuclear transport is considered to be a potential critical

control point of apoptosis signaling cascades,®’

and pre-
vious studies have shown that excessive NUTF2 can also
partially protect cells from apoptosis.®® Inhibition of apop-
tosis and maintenance of activation of oncogenes may thus
represent mechanisms linking NUTF2 expression to
HNSC progression.

The tumor immune response is a process in which
immune cells infiltrate into tumor tissue and induce apop-
tosis of tumor cells. In the early stages of cancer develop-
ment, the body can clear the tumor cells through the
immune monitoring function, and the tumor cells can
also suppress the immune system through the immune
editing function. Tumor cells may even escape the attack
of the immune system through a variety of mechanisms. In
this study, the results of the coexpression and TIMER
analyses indicated that NUTF2 expression was negatively
correlated with immune score and stromal score and mod-
erately correlated with the presence of several immune
infiltrating cells, such as B cells and CD8 + T cells,
which are mainly involved in inflammation. These correla-
tions may suggest potential mechanisms by which NUTF2
regulates immune cell function in HNSC.

In conclusion, NUTF2 may serve as a prognostic biomar-
ker for HNSC and is associated with immune infiltration. It
may also be a potential therapeutic target to improve HNSC

patient outcomes. Meanwhile, considering that part of the
analytical results of this study were obtained through mining
sequencing data, there are several limitations of our work. First
of all, HNSC consists of various types of cancers derived from
different anatomic sites, such as pharynx, oral cavity, tongue
and larynx. They have similar histological properties but also
have different prognoses and responses to treatment due to
anatomic differences. This study was mainly focused on the
data available through TCGA; the submitted HNSC-related
data of TCGA are mostly comprised of cancers of the oral
cavity and tongue. Secondly, the association between NUTF2
and tumor-infiltrating immune cells in HNSC was acquired via
cancer database and bioinformatics analyses. In future studies,
then, further in vitro and in situ studies are needed to confirm
the relationships between NUTF2 and immunosuppression in
HNSC. Finally, clinical samples in this study were relatively
small, and we will enroll more patients for future analyses to
confirm the value of NUTF2 expression in the diagnosis and
prognosis of HNSC.

Conclusion

We demonstrated that high NUTF2 expression was related
to poor OS and DFS in HNSC. We also reported that
NUTF2 expression was moderately higher in HNSC
tumor samples than in normal samples, and bioinformatics
analysis shows that NUTF2 is negatively associated with
immune-related pathways in HNSC. Thus, we believe that
NUTF2 could be a potential prognostic biomarker in
HNSC patients. This is the first comprehensive analysis
to explore the prognostic value of NUTF2 in HNSC and
elaborate on its potential mechanism of action in HNSC.
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