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Background: Oral squamous cell carcinoma (OSCC) is the most common head and neck malignancy with a high mortality rate and
poor prognosis. The exploration and understanding of biomarkers will help to further improve the diagnosis and treatment of OSCC.
Methods: Tumor tissue samples from 319 OSCC patients were retrospectively collected, along with their clinical information. In
combination with bioinformatics tools and multiplex immunohistochemistry (mIHC) analyses, we evaluated NUP62CL protein
expression and its relationship to tumor-infiltrating immune cells (TIICs) and immune checkpoints in the tumor microenvironment
(TME), as well as its association with clinical features and prognosis of OSCC.

Results: We identified high-NUP62CL expression in OSCC tissues, and high-NUP62CL protein expression was associated with large
tumor size, advanced clinical stage and poor prognosis. In addition, NUP62CL protein expression was positively associated with the
abundance of CD3+CD4+ T cells (P<0.01), CD3+CD8+ T cells (P<0.01), CD56+ NK cells (P<0.05), CD68+CD86+ macrophages
(P<0.01) and CD68+CD163+ macrophages (P<0.01), as well as the immune checkpoints, including PD-1 (P<0.001), PD-L1
(P<0.001), and CTLA-4 (P<0.001) protein expression.

Conclusion: In conclusion, NUP62CL could be an effective prognostic and immunological biomarker for OSCC patients.
Keywords: oral squamous cell carcinoma, NUP62CL, mIHC, prognosis, tumor-infiltrating immune cells, biomarker

Introduction

Oral squamous cell carcinoma (OSCC) is the most common oral malignancy, which originates from oral epithelial cells
and develops into carcinoma in situ.' The most common sites are the lips, tongue, palate, buccal mucosa, gums, floor of
the mouth, vestibule, and posterior molars.” Oral tissue is the main organ for the human body to eat and obtain nutrients.
Chewing betel nut, chewing tobacco and irritation of tooth stump are the reasons for the high incidence of OSCC, which
will hinder human nutrition intake through the oral pathway and lead to high mortality.® Globally, there will be 377,713
new cases and 177,757 deaths in 2020.*> Although great progress has been made in the diagnosis and treatment of OSCC
in recent years, the prognosis for OSCC has not improved significantly. According to clinical data, the 5-year survival
rate of patients is about 50%.° Therefore, the exploration and understanding of biomarkers for OSCC will help to further
improve the diagnosis and treatment of OSCC.

Recently, Tumor microenvironment (TME), an environment for tumor occurrence, as the focus of current research,
plays a key role in tumor progression.”® Tumor-infiltrating immune cells (TIICs) are important regulatory factors in
TME, which can either anti-tumor or promote tumor occurrence.’ Studies have shown that TIICs are potential prognostic
indicators of head and neck squamous cell carcinoma (HNSC).'® Immune checkpoint molecules, commonly known as
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programmed cell death receptor 1 (PD-1) and its ligand programmed cell death ligand 1 (PD-L1), induce immunosup-
pression and protect tumors from immune attack.'' Immunotherapy can activate the host’s natural defense system and
transform TME from tumor friendly to tumor suppressor, which is a very promising new strategy for cancer treatment.'?

The NUP family has been observed to play an important role in mitochondrial transport, DNA repair, gene
transcription, and microtubule regulation.'>'* High Nup98 expression is associated with a poor prognosis in triple-
negative breast cancer and predicts response to anthracycline-based chemotherapy as a novel marker.'®> Nup153 shows an
association with colorectal cancer cell proliferation and tumor growth.'® In addition, NUP62 is highly expressed in
squamous cell carcinomas (SCCs). NUP62 absence inhibits SCCs cell proliferation and enhances differentiation.'’
Further studies are needed to determine whether NUP62CL is involved in cancer development.

In this study, we aimed to investigate the immunological and prognostic value of NUP62CL in the immune
microenvironment of OSCC. The association of NUP62CL expression with clinical features of OSCC and its influence
on prognosis were explored. In addition, NUP62CL protein expression and its relationship to TIICs and immune
checkpoints were evaluated by multiplex immunohistochemistry (mIHC) staining in the tissue microarray. Our study
provided evidence for NUP62CL as an immune and prognostic biomarker, and provided a reference for immunotherapy
for OSCC.

Materials and Methods

Human Tissue Samples and Patient Clinical Information
Transcriptome profiles of tumor tissues from 329 OSCC patients and oral mucosal tissues from 32 healthy individuals
were downloaded from The Cancer Genome Atlas (TCGA) (https://portal.gdc.cancer.gov/), along with their clinical

information. Tumor tissue samples from 319 OSCC patients in the clinical Biobank of Nantong Stomatological Hospital
Affiliated to Nantong University during 2012—2018 were retrospectively collected, as well as their clinical data, including
age, sex, anatomic classification, tumor size, lymph node metastasis (N), distant metastasis (M) and clinical stage. The
patient had no radiation, chemotherapy, immunotherapy or other treatments before surgery. Informed consent to
participate in this study was obtained from all enrolled subjects. This study has been approved by the Ethics
Committee of Affiliated Nantong Stomatological Hospital of Nantong University (PJ 2021-014-01), and all methods
and procedures followed the Declaration of Helsinki.

Immune Cells Infiltration Analysis

Xiantao tool (http://www.xiantao.love/) is a useful bioinformatics analysis web tool for visualization, which provided
information on the relationship between NUP62CL mRNA expression and TIICs abundances, based on TCGA data. The
correlation module in the Tumor Immune Estimation Resource (TIMER) 2.0 database (http:/timer.cistrome.org/) was

employed to assess the association between NUP62CL and immune checkpoint mRNA expression. In addition, the
distribution of TIICs, and the association of TIICs and immune checkpoints with NUP62CL protein expression were
examined by the R software (version 3.6.0).

Tissue Microarray and Multiplex Immunohistochemical Staining

Although protein levels generally correlate with the levels of the corresponding mRNA, a wide range of inconsistent
expression patterns between proteins and mRNA can also be observed.'® As a result, we performed mIHC to explore the
relationship between TIICs and immune checkpoints with NUP62CL protein expression. The tissue microarray was
constructed by the manual Tissue Microarrayer System Quick Ray (UNITMA, Seoul, Korea). Continuous specimens of
OSCC removed by operation were prepared with TMA slides, fixed with formalin and embedded in paraffin. The sample
is represented on TMA as a core with a diameter of 2 mm.

TMA slides dewaxed and dehydrated using xylene and alcohol. The slices were heated in microwave with sodium
citrate buffer (10 mM, pH 6.0) for antigen extraction. Section staining includes incubation of primary and secondary
antibodies. Subsequently, opal fluorophore conjugated tyramide signal amplification (Akoya Biosciences, USA) was
performed to amplify the signal. Repeat staining until the tissue sample is labeled with a set of markers. Details of the
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antibodies used in this study are as follows: anti-NUP62CL (1:500, orb312372, Biorbyt, UK); anti-cytokeratin (1:4000,
orb69073, Biorbyt, UK); anti-CD56 antibody (1: 200, 3576s, CST, USA); anti-CD66b (1:2000, arg66287, Arigo, China);
anti-CD68 (1: 2000, 76437s, CST, USA); anti-CD86 (1: 200, orb388891, Biorbyt, UK); anti-CD163 (1: 400, 93498s,
CST, USA); anti-CD3 antibody (1: 400, 85061s, CST, USA); anti-CD4 (1:50, ab133616, Abcam, USA); anti-CD8 (1:
200, 85336s, CST, USA); anti-PD-1 (1:200, 13684T, CST, USA); anti-PD-L1 (1:400, 18616s, CST, USA); anti-CTLA-4
(1:400, orb527271, Biorbyt, UK).

We used the Vectra3-automated imaging software to capture each sample at 20X magnification. Using inForm4.1.0
(Perkin Elmer) to analyze and score the images, the pathologist analyzed the staining intensity distribution across the
entire tissue section and determined the threshold for positive staining for each marker. Positive or negative cells are
quantified according to a specified threshold. The percentage of cells in each area was assessed and scored (0—100). We
divided patients into high and low expression groups by the median NUP62CL staining score, 14.36 points.

Statistical Analysis

The correlation between NUP62CL protein expression and clinical features of OSCC were evaluated by Pearson’s y%. Survival
prognostic analysis was performed by Cox regression models and the Kaplan-Meier survival curves. TIICs abundance and
immune checkpoint expression were compared between high and low NUP62CL expression groups using student ¢-test. The
correlation between TIICs or immune checkpoint expression and NUP62CL protein expression was analyzed using Pearson’s
test. Data was analyzed using SPSS statistical software (version 24.0) and R software (version 3.6.0), and the significance level
was set as P<0.05.

Results
NUP62CL mRNA Was Significantly Upregulated in OSCC Compared with Normal

Oral Mucosal Tissue and Associated with Poor Survival

The expression of NUP62CL mRNA in tumor tissues was significantly higher than that in normal oral mucosal tissues
(P<0.001, Figure 1A) from the TCGA database, while NUP62CL expression was significantly increased in 32 cases of
OSCC tumor tissues compared with their paired normal tissue (P<0.001, Figure 1B). According to NUP62CL expression
level, tumor cases were classified as high-NUP62CL expression cases (>median expression level) and cases with low-
NUP62CL expression (Smedian expression level). Log-rank survival analysis indicated that high-NUP62CL expression
in OSCC was associated with poor survival (HR=1.48 (1.07-2.04), Log-rank P=0.017, Figure 1C).
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Figure | (A) NUP62CL mRNA expression in normal and OSCC tumor tissues. (B) NUP62CL mRNA expression in OSCC tumor tissues and their paired normal tissue.
(C) Patients with high NUP62CL expression had a poor prognosis. ***P < 0.001.

Journal of Inflammation Research 2023:16 hetps: 3801

Dove:


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

Yu et al Dove

NUP62CL Protein Expression in OSCC and Para-Carcinoma Tissues

Due to post-transcriptional regulatory mechanisms, mRNA expression does not always correlate with corresponding
protein expression patterns.'® We next evaluated NUP62CL protein expression in OSCC and para-carcinoma tissues by
mIHC technology. As a result, the expression of NUP62CL protein in OSCC tissue was significantly higher than that in
para-carcinoma tissue (Figure 2). Our results indicated that the expression of NUP62CL protein in OSCC tissues was
higher and consistent with mRNA expression level.

Correlation Between NUP62CL Expression and Clinical Features of OSCC

We divided these cases into high-expression and low-expression groups with the median expression level of NUP62CL
as a boundary. The relationship between NUP62CL expression and clinicopathological features was further analyzed
(Table 1). It was noticed that the NUP62CL protein expression was correlated with tumor size (Pearson y*=6.416,
P=0.011) and clinical stage (Pearson y*=10.268, P=0.006). However, no statistically significant correlation was found
between NUP62CL protein expression and other clinical features, including age, sex, anatomic classification, lymph node
metastasis and distant metastasis (P>0.05).

Prognostic Potential of NUP62CL Protein Expression in OSCC

A cohort of 240 patients with specific prognostic information was included to further assess prognostic factors for OSCC
by univariate and multivariate Cox regression analysis. According to the univariate Cox regression analysis, NUP62CL
protein expression (P=0.009), age (P<0.001), anatomic classification (Pyper vs bucca=0-003), T stage (Prs vs 11=0.001,
Pr3gt4 vs T1<0.001), N stage (P<0.001) and clinical stage (Py; vs 1<0.001, Pyjigrv vs 1<0.001) were significantly associated
with the 5-year survival rate of OSCC patients. By the multivariate Cox regression analysis, NUP62CL protein

A

Tumour

B Normal

Figure 2 The multiplex immunohistochemistry revealed the expression of the NUP62CL protein in tumor tissues (A) and normal tissues (B).
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Table | Relationship Between NUP62CL Expression and Clinicopathological Features

Characteristic Samples NUP62CL NUP62CL Pearson P
Low Expression | High Expression Ve
Total 319 160 (50.16%) 159 (49.84%)
Sex
Male 143 78 (54.55%) 65 (45.45%)
Female 176 82 (46.59%) 94 (53.41%) 1.997 0.158
Age
>60 165 83 (50.30%) 82 (49.70%)
<60 154 77 (50.00%) 77 (50.00%) 0.003 0.957
Anatomic classification
Buccal Mucosa 127 63 (49.61%) 64 (50.39%)
Oral Tongue 169 86 (50.89%) 83 (49.11%) 0.048 0.827
Other oral area 23 11 12
T stage
Tl 187 110 (58.82%) 77 (41.18%)
T2 110 48 (43.64%) 62 (56.36%) 6416 0.011*
T3 & T4 22 2 20
N stage
NO 273 135 (49.45%) 138 (50.55)
NI & N2 46 25 (54.35%) 21 (45.65) 0.378 0.539
M stage
MO 319 160 159
Clinical stage
| 169 99 (58.58%) 70 (41.42%)
Il 88 35 (39.77%) 53 (60.23%)
&V 62 26 (41.94%) 36 (58.06%) 10.268 0.006**

Notes: *P < 0.05; **P < 0.01.
Abbreviations: T, tumor size; N, lymph node metastasis; M, distant metastasis.

expression (P=0.043), age (P<0.001), anatomic classification (Pomer vs buccar<0.001), clinical stage (Py; vs 1=0.003,
Prigrv vs 1<0.001) were found to be independent prognostic factors correlated with an inferior overall survival of
these patients (Figure 3).

Univariate analysis

Univariate analysis

Multivariate analysis

Multivariate analysis

Characteristics Total(N) HR (95% CI) P value HR  (95% ClI) P value
NUP62CL 240 1 1
Low 117 Reference : Reference :
High 128 1.797 (1.148-2.813) —— 0.009** 1.596 (1.014-2.512) ro— 0.043"
Sex 240 ! i
Male 108 Reference : :
Female 132 0.691 (0.453-1.053) L 0.085 1
Age 240 X X
<60 112 Reference 1 Reference 1
>60 128 2.426 (1.523-3.863) L—— <0.001%** 2.751 (1.709-4.429) L —— <0.001***
Anatomic classification 240 | |
Buccal Mucosa 94 Reference ! Reference !
Oral Tongue 131 0.989 (0.628-1.559) - 0.964 1.171 (0.740-1.854) Ho— 0.501
Other oral area 15 2.822 (1.422-5.601) 1 0.003** 3.223 (1.568-6.621) 1 0.001***
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N stage 240 | |
NO 196 Reference : :
N1 & N2 44 2.233 (1.401-3.558) | ——s <0.001*** |
Clinical stage 240 : :
| 110 Reference I Reference I
1l 7 2.900 (1.655-5.081) ! —— <0.001*** 2.368 (1.334-4.202) —— 0.003**
&IV 59 4.391 (2.532-7.614) | —e———  <0.001*** 4,585 (2.635-7.978) L ——e————  <0.001***
> 4 5 2 4 s s
Figure 3 Univariate and multivariable analyses of prognostic factors for 5-year survival in patients with OSCC. *P<0.05, **P<0.01, ***P<0.001.
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Kaplan-Meier curve analysis showed that OSCC patients with high expression of NUP62CL protein had a poor
prognosis (HR =1.78 (1.17-2.71), Log-rank P=0.009). Meanwhile, old age, high TMN grade and high clinical grade
were also factors contributing to the poor prognosis (Figure 4). The above results suggested that NUP62CL protein
expression was a reliable factor for predicting the prognosis of OSCC patients.

Correlation Between NUP62CL Expression and TlICs Abundance in OSCC

The relative abundance of 24 TIICs was assessed by single-sample gene set enrichment analysis (ssGSEA) algorithm in
each sample from TCGA. The group comparison diagram showed the overall immune cell landscape of OSCC
(Figure 5A). In addition, NUP62CL expression was significantly correlated with the abundance of macrophages
(Spearman, r=—0.318, P<0.001), neutrophils (Spearman, r=—0325, P<0.001), NK cells (Spearman, r =-0.199,
P<0.001), T cells (Spearman, r=—0.210, P<0.001) (Figure 5B).

To further verify the correlation between NUP62CL protein expression and TIICs abundance in OSCC immune
microenvironment, we performed mIHC on OSCC tissues to determine the proportion of TIICs (Figure 6A). There was
an extensive infiltration of CD3+CD4+ T cells, CD3+CD8+ T cells, CD56+ NK cells, CD68+CD163+ macrophages, and
CD68+CD86+ macrophages the OSCC microenvironment while the infiltration of CD66b+ neutrophils was low
(Figure 6B). Besides, the expression of NUP62CL was positively associated with the abundance of T cells (P<0.01),
NK cells (P<0.05), and macrophages (P<0.01). However, no significant correlation was observed between the infiltration

of NUP62CL expression and neutrophils (Figure 6C).
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Figure 4 The impacts of NUP62CL expression levels (A), age (B), anatomic classification (C), T stage (D), N stage (E) and clinical stage (F) on the overall survival of OSCC

patients.
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Association of NUP62CL Protein Expression with the Immune Checkpoints

It was found mRNA that NUP62CL expression was positively correlated with PD-L1 (CD274) mRNA expression
(r=0.280, P=0.0165), and inversely correlated with PD-1 (PDCD1) mRNA (r=—0.305, P=0.009) and CTLA-4 (CTLA4)
mRNA expression (r=—0.306, P=0.008) after adjusting by tumor purity (Figure S1).

We further verified the correlation of NUP62CL protein expression with the immune checkpoints in OSCC tissues,
including PD-1, PD-L1 and CTLA-4 (Figure 7A). These tissues were divided into high-expression and low-expression
groups with the median expression level of NUP62CL as a boundary. The PD-L1 and CTLA-4 protein expression were
increased in the high-expression group (P<0.001), as well as PD-1 protein (P=0.036) (Figure 7B). In addition, NUP62CL
protein expression demonstrated a positive correlation with PD-1 (r=0.203, P<0.001, Figure 7C), PD-L1 (r=0.308,
P<0.001, Figure 7D), and CTLA-4 (r=0.717, P<0.001, Figure 7E) protein expression.

Discussion

OSCC is the most common head and neck malignancy with a high mortality rate and poor prognosis.”® Recently,
researchers have been exploring new targets to improve clinical outcomes for OSCC patients. In the present study,
NUP62CL was found significantly upregulated in OSCC tissue compared with normal oral mucosal tissue and associated
with poor survival in the TCGA database. In addition, Higher NUP62CL protein expression was related to large tumor
size and advanced clinical stage. Kaplan-Meier curve analysis showed that OSCC patients with high expression of
NUP62CL protein had a poor prognosis. These results indicate the clinical value of NUP62CL as a marker for OSCC
diagnosis.
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The relationship between immune cells and tumor cells is extremely complex,?' and the growth, progression and
metastasis of tumors are affected by the interaction between immune cells and tumor cells in the TME.?? In this study, the
expression of NUP62CL was positively associated with the abundance of CD3+CD4+ T cells, CD3+CD8+ T cells,
CD56+ NK cells, CD68+CD163+ macrophages, and CD68+CD86+ macrophages. Patients with high NUP62CL expres-
sion and high degree of immune cell infiltration have a poor prognosis. Similarly, a retrospective study of head and neck
squamous cell carcinoma (HNSCC) showed that a high abundance of CD3+CD4+ and CD3+CD8+ T cell infiltration
indicated a higher risk of death.”® However, the prognostic role of tumor associated macrophages in different types of
cancer is unclear. It was found that the generic macrophage marker CD68+ had no prognostic value in patients with
HNSCC, but the M2-like marker CD163+ predicted poor prognosis.>*

In the TME, infiltrating immune cells cause functional damage through the expression of PD-1/PD-L1, CTLA-4, and
other inhibitory signals on the cell surface, leading to tumor immunosuppression. These inhibitory signals are also called
immune checkpoints.”> PD-1 is expressed on activated T cells and B cells with PD-L1 as its ligand.*® The interaction
between PD-1 and PD-L1 negatively regulates the immune response by reducing the production of cytokines and inducing
T lymphocyte energy and apoptosis.”’ CTLA-4 is expressed on activated T cells and negatively regulates T cell proliferation
and IL-2 production. CTLA-4 blocking results in reduced regulatory T cell frequency and increased T cell function,?®
improving the efficiency of long-term remission in patients with head and neck cancer and increasing response to
treatment.”” The immune checkpoint inhibitors as a type of immunotherapy that targets tumor cells by reactivating
T cells, have been approved for the treatment of head and neck cancer with significant results.***°>' Herein, NUP62CL
protein expression demonstrated a positive correlation with PD-1, PD-L1 and CTLA-4 in OSCC tissues. NUP62CL as
a new immunological biomarker will provide new insights into the immunological treatment of OSCC.

However, there are some limitations to this study that warrant consideration. First, the reliability of our conclusions
was limited by the size of the sample studied. Second, the population of labeled immune cells in our study was also
limited. For example, T cells can have an immunosuppressive phenotype, but also exhibit an immune-effect phenotype,
depending on their subtype, which greatly affects the progress and diagnosis of OSCC. In addition, we did not identify
the regulatory pathway of NUP62CL expression in immune cells. In order to reveal the mechanism of NUP62CL action
in the OSCC tumor immune microenvironment, sufficient experiments are needed.

Conclusion

In conclusion, this is the first study on the role of NUP62CL in OSCC patients. We identified high-NUP62CL expression
in OSCC tissues, and high-NUP62CL expression was associated with poor survival. In addition, our results elucidated
the association between NUP62CL expression and immune cell abundance and immune checkpoint expression in OSCC.
NUP62CL could be an effective prognostic and immunological biomarker for OSCC patients.
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