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Abstract: Nasopharyngeal carcinoma (NPC), characterized by the infiltration of lymphocytes, is a
malignancy derived from the epithelium of the nasopharynx. Despite its sensitivity to radiation
and chemotherapy, NPC has a high propensity for recurrence and metastasis. Although lymph
node levels have been indicated as an independent prognostic factor for NPC, there has been no
precise prognostic biomarker to predict clinical outcomes for NPC before advanced disease. In the
present study, we surveyed differentially expressed genes in NPC via the next-generation sequencing
(NGS)-based Oncomine database and identified the spindlin family member 4 (SPIN4) gene as the
most relevant to advanced nodal status. We collected 124 tumor samples from NPC patients receiving
biopsy, and the expression level of SPIN4 was evaluated by immunohistochemistry. The results
showed that tumors with high SPIN4 expression were significantly correlated with advanced nodal
status (p < 0.001) and advanced AJCC stages (p < 0.001). High SPIN4 expression in tumor samples
was an unfavorable prognostic factor for all three endpoints at the univariate level: disease-specific
survival (DSS), distal metastasis-free survival (DMeFS), and local recurrence-free survival (LRFS) (all
p < 0.05). High SPIN4 expression remained independently prognostic of worse DMeFS (p = 0.049) at
the multivariate level. Using bioinformatics analysis, we further found that high SPIN4 level may link
tight junctions to cancer cell survival. Collectively, these results imply that high SPIN4 expression is
linked to an aggressive clinical course, including advanced nodal status and poor survival in NPC
patients, emphasizing the promising prognostic utility of SPIN4 expression.

Keywords: nasopharyngeal carcinoma; advanced nodal status; SPIN4; tight junction; prognostic
biomarker

1. Introduction

Nasopharyngeal carcinoma (NPC) is a malignancy that is derived from the epithe-
lium of the nasopharynx and has distinctive lymphoepithelial-like histological features.
Generally, it occurs specifically in Southeast Asia, including Taiwan [1], and shows a
male predominance in incidence, with a male to female ratio of 3:1. Based on World
Health Organization (WHO) criteria, NPC is categorized into several histological subtypes:
nonkeratinizing undifferentiated carcinoma, nonkeratinizing differentiated carcinoma, and
keratinizing squamous cell carcinoma [2]. In endemic areas, NPC is mostly nonkeratinizing
(differentiated or undifferentiated), which is strongly correlated with Epstein–Barr virus
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(EBV) infection [3]. Although EBV maintains lifelong latency in hosts, only a limited
number of individuals infected with EBV develop cancer. This implies that other risk
factors, such as genetic susceptibility and environmental exposures, are more likely to
predispose individuals to develop this malignancy [4]. For NPC, patients with early-stage
disease are sensitive to radiotherapy alone, and patients with locally advanced disease
(stage II–IV disease) are responsive to radiation combined with cisplatin-based chemother-
apy [5]. However, for patients with recurrent/metastatic disease, treatment options are
still limited [5]. Fortunately, with the advancement of precision medicine, the identification
of genetic biomarkers can improve treatment efficacy and risk stratification for patients
with NPC.

Epigenetic alterations, including DNA methylation and histone acetylation and methy-
lation, affect gene activity without changing the DNA sequence [6]. Generally, DNA methy-
lation represses gene transcription, while histone acetylation promotes gene transcrip-
tion [6]. Nonetheless, histone methylation can either activate or suppress the transcription
of genes determined by which amino acids are methylated and how many methyl groups
are attached [7]. Aberrant epigenetic and transcriptional regulation has been shown to be
involved in cancer development, including NPC [4]. It has been reported that the activation
of superenhancers, which can be revealed by the enhancer mark histone 3 lysine 27 acety-
lation (H3K27ac), is correlated with the oncogenic transcriptional network in NPC [8].
Moreover, the hypermethylation of HOP homeobox (HOPX), a tumor suppressor gene,
has been suggested to be correlated with metastasis by activating SNAIL transcription in
NPC [9]. Although NPC patients with the same disease stage undergo similar treatment,
approximately 30% of them ultimately develop distant metastases, which is associated
with disappointing treatment outcomes [10]. However, the correlations among aberrant
epigenetic and transcriptional regulation, disease stages, and treatment efficacy in NPC
remain poorly understood. Notably, there is no prospective genetic biomarker to precisely
choose patients with a high risk of poor clinical outcomes.

Spindlin family member 4 (SPIN4), also known as TDRD28, is expressed mainly
in the salivary gland and is also observed in the esophagus and lung (https://www.
proteinatlas.org/ENSG00000186767-SPIN4/tissue, accessed on 27 July 2021). The SPIN4
gene, which maps to chromosome Xq11.1 in humans, encodes a transcriptional coactivator
harboring three Tudor domains [11]. Moreover, it can bind histone 3 lysine 4 trimethylation
(H3K4me3), which is also correlated with the transcriptional activation of nearby genes [12].
The active marker H3K4me3 has been suggested to be enriched in NPC [13]. Additionally,
in glioblastoma, the amplification of chromosomes Xq11.1–Xq11.2 has been linked to high
SPIN4 levels, which may activate the Wnt signaling pathway [14]. Targeting the Wnt/β-
catenin pathway has also been reported to be a potential strategy for NPC therapy [15].
Nevertheless, the role of SPIN4 in cancer still lacks investigation. In the present study, as
SPIN4 is expressed largely in the proximal digestive tract, we were interested in linking
SPIN4 expression to clinical outcomes in our well-characterized NPC cohort.

2. Patients and Methods
2.1. Evaluation of the Gene Expression Profiles in Nasopharyngeal Carcinoma

To screen the potential genes that play a leading role in the oncogenesis of NPC, the
next-generation sequencing (NGS)-based Oncomine database (https://www.oncomine.
org/resource/login.html, accessed on 27 July 2021) was used to compare mRNA lev-
els between nasopharyngeal tumors and normal tissues. We identified those with a
p-value < 0.001 for further evaluation. Moreover, the top 20 differentially expressed genes
were examined by comparing tumor samples with a nodal status beyond or identical to
N1 (N1+) to those with negative nodal status (N0). Among these genes, SPIN4, with a
prominent log2-transformed expression fold change, was selected for further analysis. To
further predict the roles of SPIN4 in NPC, the associations between the SPIN4 mRNA level
and its coexpressed genes in The Cancer Genome Atlas (TCGA) PanCancer Atlas database
(n = 523) were examined utilizing the cBioPortal online platform (http://cbioportal.org,
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accessed on 27 July 2021). The top 200 genes with either positive associations or negative
associations with SPIN4 were further investigated using overrepresentation analysis in the
PANTHER classification system (http://pantherdb.org, accessed on 27 July 2021) accord-
ing to biological processes or cellular components and were rated by fold enrichment for
functional annotation.

2.2. Patient Enrollment and Follow-Up

The Institutional Review Board of Chi Mei Medical Center approved the procurement
of NPC tissues for this study (10501006). A total of 146 formalin-fixed paraffin-embedded
(FFPE) tissue blocks of NPC patients who underwent biopsy between 1993 and 2002
were retrieved from our biobank. Among these patients, 10 with systemic disease and
12 who did not complete a standard course of therapy and/or were lost to tracking were
excluded. The remaining 124 patients without distant metastasis at primary diagnosis
were included in this retrospective study. All 124 patients received a daily dose of 180
to 200 cGy and 5 fractions weekly to accomplish a total dose of at least 7000 cGy in
accordance with the published protocol [16]. The method of undergoing radiotherapy was
generally consistent in this study. Generally, no less than three cycles of cisplatin-based
chemotherapy were given for those with stage II–IV disease. Nevertheless, 1 patient with
stage II disease and 4 patients with stage IV disease did not undergo chemotherapy but
only radiotherapy owing to their poor general conditions. In addition, 7 patients were
unavailable to acquire instant image assessments after therapy as a baseline to evaluate
the response to treatment. Of these 124 patients, there were 7 partial and 110 complete
responders based on a previously reported study modified from the WHO criteria [17]. In
sum, 114 patients were routinely tracked after receiving therapy until death or their last
follow-up, with a mean follow-up duration of 67 months (ranging from 3 to 141).

2.3. Histopathological and Immunohistochemical Appraisals

To acquire more objective results, two expert pathologists (Wan-Shan Li and
Chien-Feng Li), who were blinded to the clinical and follow-up information of the pa-
tients, evaluated the histological subtypes in accordance with the WHO classification
criteria. Tumor staging was assessed based on the 7th American Joint Committee on Cancer
(AJCC) TNM staging system. The expression of EBV-encoded small RNA (EBER), which
is indicative of EBV infection, was detected by in situ hybridization (ISH) based on our
previous study [18]. Immunohistochemical staining was conducted based on our previous
research [19], and staining was conducted with an anti-SPIN4 antibody (ab197353) (Abcam,
Cambridge, MA, USA). The H-score was used to quantify SPIN4 immunoreactivity and
was determined with the following equation: H-score = ΣPi (i + 1), where i is the intensity
of stained tumor cells (0 to 3+) and Pi is the percentage of staining for each intensity,
ranging from 0% to 100% [20]. Tumors with H-scores beyond the median of all scored cases
were regarded as having high SPIN4 expression.

2.4. Statistical Analysis

The χ2 test was used to evaluate the relationships between clinicopathological vari-
ables and SPIN4 expression status. The Kaplan–Meier method was utilized for survival
analysis, and the log-rank test was performed to determine the interval from the starting
date of radiotherapy to the event of interest. Variables with prognostic significance at
the univariate level were incorporated into the Cox multivariate regression analysis to
identify independent prognostic factors. The statistical analyses were performed in SPSS
software version 22.0 (IBM Corporation, Armonk, NY, USA), and two-tailed tests with a
p-value < 0.05 were considered statistically significant.

http://pantherdb.org
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3. Results
3.1. SPIN4 Is Identified as the Most Significantly Differentially Expressed Gene in Relation to
Advanced Nodal Status

To investigate which genes play a leading role in the oncogenesis of NPC, the NGS-
based Oncomine database was surveyed to identify prospective biomarkers. The statistical
significance of each transcript was analyzed by comparing nasopharyngeal tumors to
normal tissues, and those transcripts with a p-value < 0.001 were identified for further
evaluation. As lymph node levels have been indicated as an independent prognostic factor
for NPC [21], the top 20 differentially expressed genes were further analyzed by comparing
tumor samples with a nodal status beyond or identical to N1 (N1+, n = 24) to those with
negative nodal status (N0, n = 7) (Table 1 and Figure 1A). Among these genes, SPIN4, with
a prominent log2-transformed expression fold change (log2 ratio = 3.1916), is expressed
specifically in the salivary gland and was selected for further validation (Figure 1B).

Table 1. The top 20 overexpressed genes in nasopharyngeal carcinoma associated with advanced nodal status.

Gene Rank Gene Name Gene Symbol Reporter ID p-Value q-Value Fold Change

1 chromosome 9 open reading frame 45 C9orf45 223522_at 9.46E-06 0.516966 1.350599

2 NADPH oxidase activator 1 NOXA1 232373_at 1.18E-05 0.321552 1.190006

3 spindlin family, member 4 SPIN4 228654_at 1.51E-05 0.274995 3.191617

4 RNA binding motif protein 4 RBM4 236157_at 3.46E-05 0.473519 1.144074

5
pleckstrin homology domain

containing, family H (with MyTH4
domain) member 2

PLEKHH2 227148_at 3.80E-05 0.415277 1.659764

6 phosphatidylinositol-5-phosphate
4-kinase, type II, alpha PIP4K2A 205570_at 8.50E-05 0.774191 1.18786

7 G protein-coupled receptor 56 GPR56 206582_s_at 1.36E-04 0.744635 1.227697

8 peptidylprolyl isomerase C
(cyclophilin C) PPIC 204518_s_at 1.38E-04 0.685162 1.528623

9 chromosome 19 open reading frame 33 C19orf33 223631_s_at 1.56E-04 0.710361 2.287249

10 sushi domain containing 1 SUSD1 226264_at 1.72E-04 0.721422 1.420516

11 endoplasmic reticulum protein 44 ERP44 208959_s_at 1.94E-04 0.663589 1.266438

12 cytochrome b-561 domain containing 2 CYB561D2 209665_at 2.10E-04 0.674904 1.264451

13 phosphatidylinositol glycan anchor
biosynthesis, class U PIGU 232011_s_at 2.38E-04 0.723024 1.110637

14 microtubule-associated protein 1 light
chain 3 alpha MAP1LC3A 232011_s_at 2.38E-04 0.723024 1.110637

15 non-protein coding RNA 85 NCRNA00085 227992_s_at 2.42E-04 0.695161 1.233108

16 abhydrolase domain containing 15 ABHD15 226796_at 2.75E-04 0.750663 1.305885

17 sine oculis binding protein homolog
(Drosophila) SOBP 218974_at 3.14E-04 0.781121 1.46335

18 elongation factor RNA polymerase
II-like 3 ELL3 219517_at 3.36E-04 0.797915 1.369774

19 zinc finger and SCAN domain
containing 18 ZSCAN18 218312_s_at 3.91E-04 0.854255 2.034354

20 tetratricopeptide repeat domain 28 TTC28 234004_at 3.91E-04 0.82273 1.14447
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Figure 1. NGS data mining of genes associated with advanced nodal status in NPC. (A) The top 20 differentially expressed
genes were examined by comparing tumor samples with a nodal status beyond or identical to N1 (N1+) to those with
negative nodal status (N0). (B) Among these genes, SPIN4, with a prominent log2-transformed expression fold change, was
selected for further analysis.

3.2. Clinicopathological Characteristics of Nasopharyngeal Carcinoma Patients in Our Cohort

We collected 124 tumor samples from nasopharyngeal carcinoma patients undergoing
biopsy from 1993 to 2002; most patients were male (n = 95, 76.6%) and less than 60 years
old (n = 98, 79%) (Table 2). In terms of primary tumor status, 80 (64.5%) patients were
classified as early status (T1–T2), and 44 (35.5%) patients were classified as advanced status
(T3–T4). With respect to initial nodal status, 56 (45.2%) patients were categorized as early
status (N0–N1), and 68 (54.8%) patients were categorized as advanced status (N2–N3).
Moreover, stage I–II disease was observed in 38 (30.6%) patients, and stage III–IV disease
was detected in 86 (69.4%) patients. In addition, EBER, which is indicative of EBV infection,
was expressed in 123 (99.2%) patients.
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Table 2. Associations between SPIN4 expression and other important clinicopathological variables.

Parameters Category
SPIN4 Exp. p-Value

Low High

Gender Male 46 49 0.524

Female 16 13

Age (years) <60 years 46 52 0.186

≥60 years 16 14

Primary tumor (T) T1–T2 44 36 0.133

T3–T4 18 26

Nodal status (N) N0–N1 45 11 <0.001 *

N2–N3 17 51

Stage I–II 32 6 <0.001 *

III–IV 30 56

Histological grade Keratinizing 3 2 0.814

Nonkeratinizing 28 26

Undifferentiated 31 34

EBER Negative 0 1 0.315

Positive 62 61
* statistically significant.

3.3. SPIN4 Immunoexpression and Its Associations with Clinicopathological Variables

To analyze the associations between SPIN4 immunoexpression and its clinical rel-
evance in nasopharyngeal carcinoma, immunohistochemical staining was performed
(Table 2). High SPIN4 expression was significantly correlated with advanced nodal status
(p < 0.001) and advanced AJCC stages (p < 0.001), whereas it was not associated with histo-
logical subtypes or EBER expression. As shown in Figure 2A,B, SPIN4 immunoreactivity
in NPC specimens with high-stage was significantly higher than that in NPC specimens
with low-stage.
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Figure 2. Immunohistochemical detection of SPIN4. Representative images of nasopharyngeal
carcinoma exhibiting lower SPIN4 immunoexpression (brown–orange) among (A) NPC patients
with low-stage compared to that among (B) NPC patients with high-stage. Inset: adjacent non-
neoplastic mucosa.

3.4. Survival and Prognostic Impact of SPIN4 Expression in Nasopharyngeal Carcinoma

Patients with T3–T4 status, N2–N3 status, and AJCC stage III–IV disease at primary
diagnosis were all markedly associated with three endpoints at the univariate level: disease-
specific survival (DSS), distal metastasis-free survival (DMeFS), and local recurrence-free
survival (LRFS) (all p < 0.05) (Table 3 and Figure 3A–I). In addition, high SPIN4 expression
in tumor specimens was also unfavorably prognostic of all three endpoints (all p < 0.05)
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(Figure 3J–L) analyzed. Notably, at the multivariate level, AJCC stages III–IV were still
markedly associated with worse DSS (p = 0.028) and LRFS (p = 0.019), and high SPIN4
expression remained an independent prognostic factor for inferior DMeFS (p = 0.049)
(Table 4).

Table 3. Univariate log-rank analyses.

Parameters Category No. of
Case

DSS DMeFS LRFS

No. of
Event p-Value No. of

Event p-Value No. of
Event p-Value

Gender Male 95 48 0.8104 39 0.5524 31 0.3313

Female 29 15 11 7

Age (years) <60 years 98 52 0.5857 42 0.4146 30 0.8804

≥60 years 26 11 8 8

Primary
tumor (T) T1–T2 80 34 0.0425 * 25 0.0063 * 19 0.0252 *

T3–T4 44 29 25 19

Nodal
status (N) N0–N1 56 19 0.0002 * 17 0.0096 * 12 0.0122 *

N2–N3 68 44 33 26

Stage I–II 38 10 0.0010 * 9 0.0068 * 5 0.0028 *

III–IV 86 53 41 33

Histological
grade

Keratinizing/non-
keratinizing 47 24 0.4120 17 0.2155 16 0.9323

Undifferentiated 77 39 33 22

EBER Negative 1 1 0.0567 1 0.0923 0 0.7314

Positive 123 62 49 38

SPIN4 exp.
Low exp.

(H-score <
median)

66 25 0.0075 * 17 0.0022 * 15 0.0313 *

High exp.
(H-score ≥

median)
58 34 33 23

DSS, disease-specific survival; DMeFS, distal metastasis-free survival; LRFS, local recurrence-free survival;
*, statistically significant.

Table 4. Multivariate survival analyses.

Parameter Category
DSS DMeFS LRFS

H.R 95% CI p-Value H.R 95% CI p-Value H.R 95% CI p-Value

Stage I–II 1 - 0.028 * 1 - 0.104 1 - 0.019 *

III–IV 2.275 1.029–4.740 1.922 0.874–4.228 3.288 1.215−8.901

SPIN4 exp. Low Exp. 1 - 0.056 1 - 0.049 * 1 - 0.345

High Exp. 1.731 0.986–3.040 1.905 1.003–3.617 1.394 0.700–2.776

DSS, disease-specific survival; DMeFS, distal metastasis-free survival; LRFS, local recurrence-free survival; *, statistically significant.

3.5. High SPIN4 Level May Link Tight Junctions to Cancer Cell Survival

To forecast the specific roles of SPIN4 in NPC, a gene coexpression analysis was
performed. Utilizing the TCGA database (n = 523), we estimated the top 200 transcripts
that showed positive (Supplementary Table S1) or negative (Supplementary Table S2)
correlations with SPIN4. In the context of biological processes and cellular components,
the most significant terms correlated with SPIN4 upregulation were establishment of
endothelial intestinal barrier (GO: 0090557, fold enrichment: 41.86, p = 4.98 × 10−7)
and tight junction (GO: 0070160, fold enrichment: 6.28, p = 6.22 × 10−5), respectively
(Supplementary Figure S1A,B), utilizing the PANTHER classification system. Moreover,
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we recognized that the tight junction protein 1 (TJP1) (Spearman’s correlation: 0.382) and
TJP2 (Spearman’s correlation: 0.394) (Supplementary Figure S2A,B) genes are both in-
volved in the above two terms, implying that SPIN4 is functionally associated with the
protective role of tight junctions. Additionally, TJP1 and TJP2 have also been linked to cell
proliferation and survival [22].
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4. Discussion

Despite the fact that the correlation of EBV infection with NPC is well-recognized,
only a limited number of individuals infected with EBV develop NPC, suggesting that
other risk factors such as genetic changes may play a more important role in NPC devel-
opment [4]. In this study, to discover the potential genes that play a leading role in the
oncogenesis of NPC, we performed NGS data mining and identified the SPIN4 gene as
the most relevant to advanced nodal status, which serves as a useful prognostic factor
for NPC. Immunohistochemical staining revealed that high SPIN4 expression is linked
to an aggressive clinical course, including advanced nodal status and inferior survival
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in our well-characterized NPC cohort, highlighting the promising prognostic utility of
SPIN4 expression.

Extensive histone modifications have been observed in EBV-infected NPC cells. It has
been demonstrated that H3K27ac-driven enhancer dysfunction correlates with a worse
prognosis in NPC [23]. H3K27me3 modification has also been used to predict the chemora-
diotherapy response and survival for NPC patients [24]. Furthermore, EBV infection is asso-
ciated with aberrant histone bivalent switches by enhancing the transcription-suppressive
mark (H3K27me3) and reducing the transcriptional activation mark (H3K4me3), and
downregulates the DNA damage repair gene [25]. However, our data revealed that EBV
significantly correlates with neither SPIN4 expression nor clinical outcomes. Interest-
ingly, SPIN4 exhibits H3K4me3-binding activity [12] and functions as a transcriptional
coactivator. Using bioinformatics analysis, we further found that the tight junction pro-
teins TJP1 and TJP2 show significant positive correlations with SPIN4 and are linked to
cancer cell survival [22]. In addition, it has been reported that H3K4me3 can activate
TJP1 transcription [26]. These suggest that SPIN4 may increase TJP1 transcripts through
H3K4me3-mediated transcriptional activation. Collectively, SPIN4 may promote cancer cell
survival in an EBV-independent manner and correlate with poor patient survival, further
reflecting the intricate regulation of NPC.

In general, transcription factors bind enhancers and recruit coactivators and RNA
polymerase II, which generates a general transcription machinery to regulate gene ex-
pression [27]. Several transcription factors have been demonstrated to be oncogenic and
incorporate the general transcription machinery to support the oncogenic state, but direct
inhibition of transcription factors remains difficult. As a transcriptional coregulator, a
coactivator can bind to a transcription factor to increase the rate of gene transcription.
Recently, multiple approaches, including inhibition of transcription factor-coactivator inter-
actions, have been developed to target transcription factors [28]. Additionally, the dynamic
character of DNA methylation makes it reversible and druggable and represents a potential
prognostic factor for cancers [29]. Since SPIN4 acts as a transcriptional coactivator and can
bind H3K4me3 to promote gene transcription, targeting SPIN4 and H3K4me3 is feasible
and represents a promising therapeutic strategy for NPC patients.

Since TJP1 and TJP2 were significantly correlated with SPIN4 upregulation, we won-
dered how these tight junction proteins participate in NPC progression. Tight junctions
coordinate with adherens junctions and focal adhesions to form cell adhesion complexes,
and such interconnected networks can guide diverse cell functions [22]. Regulated by
cell adhesion to the extracellular matrix (ECM), cellular stiffness can enhance resistance
to radiation and chemotherapy [30]. Adherens junctions and focal adhesions have been
indicated to be functional biomarkers in NPC [31]. Moreover, focal adhesion kinase (FAK)
has been suggested to maintain the intestinal epithelial barrier through the assembly of
tight junction proteins in colorectal cancer cells [32]. In addition, cancer stem cells (CSCs)
are awakened by radiation to induce tumor recurrence and metastasis in oral cancer pa-
tients [33]. Tight junction proteins, including TJP1, have been suggested to maintain the
intercellular configuration of neural stem cells [34]. In addition to activating TJP1 tran-
scription, [26], H3K4me3 has been suggested to play a critical role in the genetic regulation
of pluripotency [35]. However, the correlations among the expression of SPIN4 and tight
junction proteins, radioresistance, and stem cell maintenance deserve further investigation.

Despite its sensitivity to radiation and chemotherapy, NPC easily develops recurrence
and metastasis. NPC is characterized by the infiltration of lymphocytes and positive pro-
grammed death-ligand 1 (PD-L1) expression in tumor cells, which makes it an attractive
target for immune checkpoint inhibitors (ICIs). Although the phase I–II trial outcomes of
immunotherapy were encouraging in NPC patients with recurrent or metastatic disease,
there has been no treatment paradigm applying ICIs to this malignancy [36]. This sug-
gests that unknown factors may affect immunotherapy efficacy. Additionally, a valuable
predictive biomarker for immunotherapy in NPC is still lacking. Through comprehen-
sive single-cell sequencing, it has been revealed that myeloid-derived suppressor cells
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(MDSCs) and tumor-associated macrophages (TAMs) serve as a connecting bridge to
facilitate the immunosuppressive tumor microenvironment (TME) in NPC [37]. In the
TME, tumor cells and nonmalignant cells such as immune cells interact with each other
and are closely linked. It has been reported that tight junctions are crucial to maintain
this tumor cell–nonmalignant cell interaction, which may sustain the immunosuppressive
TME [38]. Furthermore, since the immunosuppressive TME can affect immunotherapy
efficacy, targeting the TME alone or combined with ICIs may benefit cancer patients [39].
Accordingly, whether SPIN4 and tight junction proteins function as predictive biomark-
ers and therapeutic targets for improving immunotherapy in NPC patients warrants
further investigation.

Since copy number alteration may affect tumor development through changes in
gene expression, the amplification of chromosomes Xq11.1–Xq11.2 has been linked to
high SPIN4 levels in glioblastoma [14]. In addition, the gain of chromosome X has
been connected to neoplastic transformation, including prostate cancer [40], breast can-
cer [41], and renal cell carcinoma [42]. We also found that high SPIN4 expression is an
unfavorable prognostic factor for renal cancer using the Human Protein Atlas database
(https://www.proteinatlas.org/ENSG00000186767-SPIN4/pathology/renal+cancer, ac-
cessed on 27 July 2021). Furthermore, copy number variation has been suggested to
be correlated with chromosome X-linked mental retardation, with an excess of affected
males [43]. Transcription factors are regarded as a trigger of cancer initiation. Accordingly,
as an X-linked transcriptional coactivator, SPIN4 overexpression may in part provide an
explanation of why males dominate in the incidence of NPC.

5. Conclusions

As lymph node levels have been indicated as an independent prognostic factor for
NPC, we performed NGS data mining related to advanced nodal status and analyzed
the relationships between SPIN4 immunoexpression and its clinical relevance in our well-
characterized NPC cohort. We demonstrated that high SPIN4 expression is connected
to an aggressive clinical course, including advanced nodal status, and functions as an
independent prognostic biomarker for inferior DMeFS in NPC patients.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/life11090912/s1: Figure S1. The top 10 biological process or cellular component terms
enriched in SPIN4 upregulation. The genes that were coexpressed with SPIN4 in NPC from the
TCGA database (n = 523) were analyzed using the cBioPortal online platform. The genes (top
200 transcripts) with positive associations were further analyzed using the PANTHER classification
system in accordance with (A) biological processes or (B) cellular components and were rated by fold
enrichment for functional annotation; Figure S2. Associations among the expression levels of SPIN4,
TJP1, and TJP2. The data were exported from the TCGA database (n = 523) using the cBioPortal
online platform; Table S1. The top 200 genes positively correlated with SPIN4; Table S2. The top
200 genes negatively correlated with SPIN4.

Author Contributions: Conceptualization: S.-W.L. and H.-Y.L.; methodology: S.-L.C., T.-C.C., T.-J.C.,
C.-C.Y., H.-H.T. and C.-F.Y.; investigation: S.-L.C., T.-C.C., T.-J.C., C.-C.Y., H.-H.T. and C.-F.Y.; formal
analysis: S.-L.C., T.-C.C., T.-J.C., C.-C.Y., H.-H.T. and C.-F.Y.; resources: H.-H.T. and C.-F.Y.; validation:
S.-L.C., T.-C.C., T.-J.C. and C.-C.Y.; visualization: S.-L.C., T.-C.C., T.-J.C. and C.-C.Y.; writing—original
draft: S.-W.L. and H.-Y.L.; writing—review and editing: S.-W.L. and H.-Y.L.; funding acquisition:
S.-W.L. and H.-Y.L.; supervision: S.-W.L. and H.-Y.L. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study and its use of tumor samples that were deidenti-
fied from the biobank was approved by the Ethics Committee and Institutional Review Board of Chi
Mei Medical Center (10501006) and followed the ethical guidelines of the Helsinki Declaration and
the regulations of our government.

https://www.proteinatlas.org/ENSG00000186767-SPIN4/pathology/renal+cancer
https://www.mdpi.com/article/10.3390/life11090912/s1
https://www.mdpi.com/article/10.3390/life11090912/s1


Life 2021, 11, 912 11 of 12

Data Availability Statement: The Oncomine database (https://www.oncomine.org/resource/login.
html, accessed on 27 July 2021) is a cancer-related gene database that contains Gene Expression
Omnibus (GEO), TCGA, microarray data, and published research data. The database contains
715 gene expression datasets, which comprise 86,733 tumors and normal tissues.

Conflicts of Interest: The authors declare that the research was conducted in the absence of any
commercial or financial relationship that could be construed as a potential conflict of interest.

References
1. Wu, L.; Li, C.; Pan, L. Nasopharyngeal carcinoma: A review of current updates. Exp. Ther. Med. 2018, 15, 3687–3692. [CrossRef]
2. Hwang, J.S.G.; Chang, Y.-L.; To, K.-F.; Mai, H.-Q.; Feng, Y.-F.; Chang, E.T.; Wang, C.-P.; Kam, M.K.M.; Cheah, S.-L.; Lee, M.; et al.

A new prognostic histopathologic classification of nasopharyngeal carcinoma. Chin. J. Cancer 2016, 35, 41. [CrossRef]
3. Tsao, S.W.; Tsang, C.M.; Lo, K.W. Epstein–Barr virus infection and nasopharyngeal carcinoma. Philos. Trans. R. Soc. B Biol. Sci.

2017, 372, 20160270. [CrossRef]
4. Tsang, C.M.; Lui, V.W.Y.; Bruce, J.P.; Pugh, T.J.; Lo, K.W. Translational genomics of nasopharyngeal cancer. Semin. Cancer Biol.

2020, 61, 84–100. [CrossRef] [PubMed]
5. Perri, F.; Scarpati, G.D.V.; Caponigro, F.; Ionna, F.; Longo, F.; Buonopane, S.; Muto, P.; Di Marzo, M.; Pisconti, S.; Solla, R.

Management of recurrent nasopharyngeal carcinoma: Current perspectives. OncoTargets Ther. 2019, 12, 1583–1591. [CrossRef]
6. Gibney, E.R.; Nolan, C.M. Epigenetics and gene expression. Heredity 2010, 105, 4–13. [CrossRef] [PubMed]
7. Cheng, Y.; He, C.; Wang, M.; Ma, X.; Mo, F.; Yang, S.; Han, J.; Wei, X. Targeting epigenetic regulators for cancer therapy:

Mechanisms and advances in clinical trials. Signal Transduct. Target. Ther. 2019, 4, 62. [CrossRef]
8. Yuan, J.; Jiang, Y.-Y.; Mayakonda, A.; Huang, M.; Ding, L.-W.; Lin, H.; Yu, F.; Lu, Y.; Loh, T.K.S.; Chow-Castro, M.; et al. Super-

Enhancers Promote Transcriptional Dysregulation in Nasopharyngeal Carcinoma. Cancer Res. 2017, 77, 6614–6626. [CrossRef]
[PubMed]

9. Ren, X.; Yang, X.; Cheng, B.; Chen, X.; Zhang, T.; He, Q.; Li, B.; Li, Y.; Tang, X.; Wen, X.; et al. HOPX hypermethylation promotes
metastasis via activating SNAIL transcription in nasopharyngeal carcinoma. Nat. Commun. 2017, 8, 14053. [CrossRef]

10. Yin, L.; Chen, J.; Ma, C.; Pei, S.; Du, M.; Zhang, Y.; Feng, Y.; Yin, R.; Bian, X.; He, X.; et al. Hsa_circ_0046263 functions as a ceRNA
to promote nasopharyngeal carcinoma progression by upregulating IGFBP3. Cell Death Dis. 2020, 11, 562. [CrossRef]

11. Bae, N.; Gao, M.; Li, X.; Premkumar, T.; Sbardella, G.; Chen, J.; Bedford, M.T. A transcriptional coregulator, SPIN·DOC, attenuates
the coactivator activity of Spindlin1. J. Biol. Chem. 2017, 292, 20808–20817. [CrossRef]

12. Zhang, X.; Thielert, M.; Li, H.; Cravatt, B.F. SPIN4 Is a Principal Endogenous Substrate of the E3 Ubiquitin Ligase DCAF16.
Biochemistry 2021, 60, 637–642. [CrossRef]

13. Dai, W.; Cheung, A.K.L.; Ko, J.; Cheng, Y.; Zheng, H.; Ngan, R.K.C.; Ng, W.T.; Lee, A.W.M.; Yau, C.C.; Lee, V.; et al. Comparative
methylome analysis in solid tumors reveals aberrant methylation at chromosome 6p in nasopharyngeal carcinoma. Cancer Med.
2015, 4, 1079–1090. [CrossRef]

14. Ferreira, W.; Amorim, C.; Burbano, R.; Villacis, R.; Marchi, F.; Medina, T.; de Lima, M.; de Oliveira, E. Genomic and transcriptomic
characterization of the human glioblastoma cell line AHOL1. Braz. J. Med. Biol. Res. 2021, 54, e9571. [CrossRef]

15. Kang, Y.; He, W.; Ren, C.; Qiao, J.; Guo, Q.; Hu, J.; Xu, H.; Jiang, X.; Wang, L. Advances in targeted therapy mainly based on
signal pathways for nasopharyngeal carcinoma. Signal Transduct. Target. Ther. 2020, 5, 245. [CrossRef] [PubMed]

16. Wolden, S.L.; Zelefsky, M.J.; Kraus, D.H.; Rosenzweig, K.E.; Chong, L.M.; Shaha, A.R.; Zhang, H.; Harrison, L.B.; Shah, J.P.;
Pfister, D.G. Accelerated Concomitant Boost Radiotherapy and Chemotherapy for Advanced Nasopharyngeal Carcinoma. J. Clin.
Oncol. 2001, 19, 1105–1110. [CrossRef] [PubMed]

17. Lin, J.-C.; Jan, J.-S.; Hsu, C.-Y.; Liang, W.-M.; Jiang, R.-S.; Wang, W.-Y. Phase III Study of Concurrent Chemoradiotherapy Versus
Radiotherapy Alone for Advanced Nasopharyngeal Carcinoma: Positive Effect on Overall and Progression-Free Survival. J. Clin.
Oncol. 2003, 21, 631–637. [CrossRef]

18. Lee, Y.-E.; He, H.-L.; Chen, T.-J.; Lee, S.-W.; Chang, I.-W.; Hsing, C.-H.; Li, C.-F. The prognostic impact of RAP2A expression
in patients with early and locoregionally advanced nasopharyngeal carcinoma in an endemic area. Am. J. Transl. Res. 2015, 7,
912–921.

19. Chan, T.-C.; Wu, W.-J.; Li, W.-M.; Shiao, M.-S.; Shiue, Y.-L.; Li, C.-F. SLC14A1 prevents oncometabolite accumulation and recruits
HDAC1 to transrepress oncometabolite genes in urothelial carcinoma. Theranostics 2020, 10, 11775–11793. [CrossRef] [PubMed]

20. Budwit-Novotny, D.A.; Cox, E.B.; Soper, J.T.; Mutch, D.G.; Creasman, W.T.; Flowers, J.L.; Mccarty, K.S. Immunohistochemical
analyses of estrogen receptor in endometrial adenocarcinoma using a monoclonal antibody. Cancer Res. 1986, 46, 5419–5425.

21. Mao, Y.-P.; Liang, S.-B.; Liu, L.-Z.; Chen, Y.; Sun, Y.; Tang, L.-L.; Tian, L.; Lin, A.-H.; Liu, M.-Z.; Li, L.; et al. The N Staging System
in Nasopharyngeal Carcinoma with Radiation Therapy Oncology Group Guidelines for Lymph Node Levels Based on Magnetic
Resonance Imaging. Clin. Cancer Res. 2008, 14, 7497–7503. [CrossRef] [PubMed]

22. Zihni, C.; Mills, C.; Matter, K.; Balda, M. Tight junctions: From simple barriers to multifunctional molecular gates. Nat. Rev. Mol.
Cell Biol. 2016, 17, 564–580. [CrossRef]

23. Ke, L.; Zhou, H.; Wang, C.; Xiong, G.; Xiang, Y.; Ling, Y.; Khabir, A.; Tsao, G.S.; Zeng, Y.; Zeng, M.; et al. Nasopharyngeal
carcinoma super-enhancer–driven ETV6 correlates with prognosis. Proc. Natl. Acad. Sci. USA 2017, 114, 9683–9688. [CrossRef]

https://www.oncomine.org/resource/login.html
https://www.oncomine.org/resource/login.html
http://doi.org/10.3892/etm.2018.5878
http://doi.org/10.1186/s40880-016-0103-5
http://doi.org/10.1098/rstb.2016.0270
http://doi.org/10.1016/j.semcancer.2019.09.006
http://www.ncbi.nlm.nih.gov/pubmed/31521748
http://doi.org/10.2147/OTT.S188148
http://doi.org/10.1038/hdy.2010.54
http://www.ncbi.nlm.nih.gov/pubmed/20461105
http://doi.org/10.1038/s41392-019-0095-0
http://doi.org/10.1158/0008-5472.CAN-17-1143
http://www.ncbi.nlm.nih.gov/pubmed/28951465
http://doi.org/10.1038/ncomms14053
http://doi.org/10.1038/s41419-020-02785-3
http://doi.org/10.1074/jbc.M117.814913
http://doi.org/10.1021/acs.biochem.1c00067
http://doi.org/10.1002/cam4.451
http://doi.org/10.1590/1414-431x20209571
http://doi.org/10.1038/s41392-020-00340-2
http://www.ncbi.nlm.nih.gov/pubmed/33093441
http://doi.org/10.1200/JCO.2001.19.4.1105
http://www.ncbi.nlm.nih.gov/pubmed/11181675
http://doi.org/10.1200/JCO.2003.06.158
http://doi.org/10.7150/thno.51655
http://www.ncbi.nlm.nih.gov/pubmed/33052246
http://doi.org/10.1158/1078-0432.CCR-08-0271
http://www.ncbi.nlm.nih.gov/pubmed/19010867
http://doi.org/10.1038/nrm.2016.80
http://doi.org/10.1073/pnas.1705236114


Life 2021, 11, 912 12 of 12

24. Cai, M.-Y.; Tong, Z.-T.; Zhu, W.; Wen, Z.-Z.; Rao, H.-L.; Kong, L.-L.; Guan, X.-Y.; Kung, H.-F.; Zeng, Y.-X.; Xie, D. H3K27me3 Protein
Is a Promising Predictive Biomarker of Patients’ Survival and Chemoradioresistance in Human Nasopharyngeal Carcinoma. Mol.
Med. 2011, 17, 1137–1145. [CrossRef] [PubMed]

25. Leong, M.M.L.; Cheung, A.K.L.; Dai, W.; Tsao, S.W.; Tsang, C.M.; Dawson, C.W.; Mun Yee Ko, J.; Lung, M.L. EBV infection
is associated with histone bivalent switch modifications in squamous epithelial cells. Proc. Natl. Acad. Sci. USA 2019, 116,
14144–14153. [CrossRef]

26. Zhao, X.; Zeng, H.; Lei, L.; Tong, X.; Yang, L.; Yang, Y.; Li, S.; Zhou, Y.; Luo, L.; Huang, J.; et al. Tight junctions and their regulation
by non-coding RNAs. Int. J. Biol. Sci. 2021, 17, 712–727. [CrossRef]

27. Lee, T.I.; Young, R.A. Transcriptional Regulation and Its Misregulation in Disease. Cell 2013, 152, 1237–1251. [CrossRef] [PubMed]
28. Bushweller, J.H. Targeting transcription factors in cancer—From undruggable to reality. Nat. Rev. Cancer 2019, 19, 611–624.

[CrossRef] [PubMed]
29. Heyn, H.; Esteller, M. DNA methylation profiling in the clinic: Applications and challenges. Nat. Rev. Genet. 2012, 13, 679–692.

[CrossRef]
30. Deville, S.S.; Cordes, N. The Extracellular, Cellular, and Nuclear Stiffness, a Trinity in the Cancer Resistome—A Review. Front.

Oncol. 2019, 9, 1376. [CrossRef]
31. Liu, C.; Guo, P.; Zhou, L.; Wang, Y.; Tian, S.; Ding, Y.; Wu, J.; Zhu, J.; Wang, Y. A practical method to screen and identify

functioning biomarkers in nasopharyngeal carcinoma. Sci. Rep. 2021, 11, 7294. [CrossRef] [PubMed]
32. Ma, Y.; Semba, S.; Khan, R.I.; Bochimoto, H.; Watanabe, T.; Fujiya, M.; Kohgo, Y.; Liu, Y.; Taniguchi, T. Focal adhesion kinase

regulates intestinal epithelial barrier function via redistribution of tight junction. Biochim. Biophys. Acta BBA Mol. Basis Dis. 2013,
1832, 151–159. [CrossRef]

33. Liu, Y.; Yang, M.; Luo, J.; Zhou, H. Radiotherapy targeting cancer stem cells “awakens” them to induce tumour relapse and
metastasis in oral cancer. Int. J. Oral Sci. 2020, 12, 19. [CrossRef]

34. Watters, A.; Rom, S.; Hill, J.; Dematatis, M.K.; Zhou, Y.; Merkel, S.F.; Andrews, A.; Cenna, J.M.; Potula, R.; Skuba, A.; et al.
Identification and Dynamic Regulation of Tight Junction Protein Expression in Human Neural Stem Cells. Stem Cells Dev. 2015,
24, 1377–1389. [CrossRef]

35. Bernstein, B.E.; Mikkelsen, T.S.; Xie, X.; Kamal, M.; Huebert, D.J.; Cuff, J.; Fry, B.; Meissner, A.; Wernig, M.; Plath, K.; et al. A
Bivalent Chromatin Structure Marks Key Developmental Genes in Embryonic Stem Cells. Cell 2006, 125, 315–326. [CrossRef]

36. Le, Q.T.; Colevas, A.D.; O’Sullivan, B.; Lee, A.W.M.; Lee, N.; Ma, B.; Siu, L.L.; Waldron, J.; Lim, C.-M.; Riaz, N.; et al. Current
Treatment Landscape of Nasopharyngeal Carcinoma and Potential Trials Evaluating the Value of Immunotherapy. J. Natl. Cancer
Inst. 2019, 111, 655–663. [CrossRef] [PubMed]

37. Gong, L.; Kwong, D.L.-W.; Dai, W.; Wu, P.; Li, S.; Yan, Q.; Zhang, Y.; Zhang, B.; Fang, X.; Liu, L.; et al. Comprehensive single-
cell sequencing reveals the stromal dynamics and tumor-specific characteristics in the microenvironment of nasopharyngeal
carcinoma. Nat. Commun. 2021, 12, 1540. [CrossRef]

38. Salvador, E.; Burek, M.; Förster, C.Y. Tight Junctions and the Tumor Microenvironment. Curr. Pathobiol. Rep. 2016, 4, 135–145.
[CrossRef]

39. Tang, T.; Huang, X.; Zhang, G.; Hong, Z.; Bai, X.; Liang, T. Advantages of targeting the tumor immune microenvironment over
blocking immune checkpoint in cancer immunotherapy. Signal Transduct. Target. Ther. 2021, 6, 72. [CrossRef]

40. Qu, X.; Jeldres, C.; Glaskova, L.; Friedman, C.; Schroeder, S.; Nelson, P.S.; Porter, C.; Fang, M. Identification of Combinatorial
Genomic Abnormalities Associated with Prostate Cancer Early Recurrence. J. Mol. Diagn. 2016, 18, 215–224. [CrossRef] [PubMed]

41. Di Oto, E.; Biserni, G.B.; Varga, Z.; Morandi, L.; Cucchi, M.C.; Masetti, R.; Foschini, M.P. X chromosome gain is related to increased
androgen receptor expression in male breast cancer. Virchows Arch. 2018, 473, 155–163. [CrossRef] [PubMed]

42. Kuroda, N.; Shiotsu, T.; Hes, O.; Michal, M.; Shuin, T.; Lee, G.-H. Acquired cystic disease-associated renal cell carcinoma with
gain of chromosomes 3, 7, and 16, gain of chromosome X, and loss of chromosome Y. Med. Mol. Morphol. 2010, 43, 231–234.
[CrossRef] [PubMed]

43. Madrigal, I.; Rodríguez-Revenga, L.; Armengol, L.; Gonzalez, E.; Rodriguez, B.; Badenas, C.; Sánchez, A.; Martínez, F.; Guitart, M.;
Fernández, I.; et al. X-chromosome tiling path array detection of copy number variants in patients with chromosome X-linked
mental retardation. BMC Genom. 2007, 8, 443. [CrossRef] [PubMed]

http://doi.org/10.2119/molmed.2011.00054
http://www.ncbi.nlm.nih.gov/pubmed/21738951
http://doi.org/10.1073/pnas.1821752116
http://doi.org/10.7150/ijbs.45885
http://doi.org/10.1016/j.cell.2013.02.014
http://www.ncbi.nlm.nih.gov/pubmed/23498934
http://doi.org/10.1038/s41568-019-0196-7
http://www.ncbi.nlm.nih.gov/pubmed/31511663
http://doi.org/10.1038/nrg3270
http://doi.org/10.3389/fonc.2019.01376
http://doi.org/10.1038/s41598-021-86809-8
http://www.ncbi.nlm.nih.gov/pubmed/33790390
http://doi.org/10.1016/j.bbadis.2012.10.006
http://doi.org/10.1038/s41368-020-00087-0
http://doi.org/10.1089/scd.2014.0497
http://doi.org/10.1016/j.cell.2006.02.041
http://doi.org/10.1093/jnci/djz044
http://www.ncbi.nlm.nih.gov/pubmed/30912808
http://doi.org/10.1038/s41467-021-21795-z
http://doi.org/10.1007/s40139-016-0106-6
http://doi.org/10.1038/s41392-020-00449-4
http://doi.org/10.1016/j.jmoldx.2015.10.001
http://www.ncbi.nlm.nih.gov/pubmed/26752304
http://doi.org/10.1007/s00428-018-2377-2
http://www.ncbi.nlm.nih.gov/pubmed/29802469
http://doi.org/10.1007/s00795-009-0465-8
http://www.ncbi.nlm.nih.gov/pubmed/21267700
http://doi.org/10.1186/1471-2164-8-443
http://www.ncbi.nlm.nih.gov/pubmed/18047645

	Introduction 
	Patients and Methods 
	Evaluation of the Gene Expression Profiles in Nasopharyngeal Carcinoma 
	Patient Enrollment and Follow-Up 
	Histopathological and Immunohistochemical Appraisals 
	Statistical Analysis 

	Results 
	SPIN4 Is Identified as the Most Significantly Differentially Expressed Gene in Relation to Advanced Nodal Status 
	Clinicopathological Characteristics of Nasopharyngeal Carcinoma Patients in Our Cohort 
	SPIN4 Immunoexpression and Its Associations with Clinicopathological Variables 
	Survival and Prognostic Impact of SPIN4 Expression in Nasopharyngeal Carcinoma 
	High SPIN4 Level May Link Tight Junctions to Cancer Cell Survival 

	Discussion 
	Conclusions 
	References

