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ABSTRACT

Background: SLC20A1, a prominent biomarker in several cancers, has been understudied in its predictive role in
head and neck squamous cell carcinoma (HNSCC).

Methods: The Cancer Genome Atlas (TCGA) database was used to analyze HNSCC prognosis, SLC20A1
overexpression, and clinical characteristics. Quantitative real-time PCR and Western blot analysis confirmed
SLC20A1 expression in HNSCC tissues. Cellular behaviors such as invasion, migration and proliferation were
assessed using Transwell, wound healing and colony formation assays. Immune system data were obtained
from the Tumor Immune Estimation Resource (TIMER) and CIBERSORT databases. Gene Ontology (GO), Kyoto
Encyclopedia of Genes and Genomes (KEGG), and Gene Set Enrichment Analysis (GSEA) were used to explore
biological parameters and pathways associated with SLC20A1 overexpression in HNSCC.

Results: In 499 HNSCC samples, SLC20A1 mRNA and protein expression were significantly higher than in 44
normal counterparts, confirmed by 24 paired samples. Patients were categorized based on SLC20A1 levels,
survival status and overall survival. High SLC20A1 expression correlated with advanced T stage, increased risk
scores and decreased survival. Stage, age and SLC20A1 expression emerged as independent predictive factors for
HNSCC in univariate and multivariate analyses. SLC20A1 overexpression, which is associated with poor
prognosis, may influence cell proliferation, migration, invasion, chemotherapy response, and the immune milieu.
Conclusions: SLC20A1 overexpression in HNSCC, characterized by increased cellular invasion, migration and
proliferation, is a potential prognostic biomarker and therapeutic response indicator.

INTRODUCTION cases has been estimated to be < 50%, despite

improved multimodality treatments in past decades
Worldwide, head and neck squamous cell carcinoma [3]. The lack of rapidly improving patient survival
(HNSCC) is the 6™ commonest malignancy which and personalized treatment approaches has propelled
had been paid more attention to, including oral and research into the molecular landscape of HNSCC.
maxillofacial cancer, laryngeal cancer, salivary gland Identification of potential prognostic markers associated
cancer, oropharyngeal cancer and hypopharynx cancer with treatment benefit can allow individualization
[1]. HNSCC incidence is continuously rising and is of therapy for patients with HNSCC. Thus, effective
estimated to rise by 30% until 2030 [2]. Furthermore, prognostic and therapeutic indicators are urgently
the5-year survival rate was estimated for HNSCC needed.
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It is well-known that SLC20A1 and SLC20A2 form
the SLC20 family, and SLC20A1 has been considered
as a secondary-active, Na*-dependent cotransporters
to transport inorganic phosphate (Pi) through the cell
membrane, which favorably comprises two sodium
ions, and monovalent inorganic phosphate (H.PO4")
[4]. Pi acts as a basic nucleotides and phospholipids
component, and participates in several cell functions,
such as energy metabolism and cellular signaling
pathways [5, 6]. Studies reported that tumor tissues
contain high Pi traces, making them potential indicators
of tumor prognosis that might independently promote
the cell proliferation [7]. SLC20A1, which was
commonly known as PiT-1, is involved in a wide
variety of cellular processes, like cell development,
ability to differentiate and proliferate, adhesion, and
apoptosis [7-12]. Due to a lack of pro-B cells, mice
missing SLC20A1 were found to be highly lymphopenic,
and a slight neutropenia. This trait, which is exclusive
to the hematopoietic pathway, is linked to a malfunction
in cellular division [12]. Some results also give
important insights into the pathophysiology and therapy
of myelosuppression by showing that Pi metabolism
and hematopoietic stem cell survival are frequently
related through the Akt/p53-SLC20A1 axis [13]. In
recent years, investigations showed the vital role that
SLC20A1 plays in the progression of various tumors,
such as pituitary tumors, breast cancer, and tongue
SCC, indicating the high expression of SLC20Al
in many tumors and its potential association with
unfavorable prognosis [14-17]. More advanced stages
of tumor luminal A breast cancer were associated with
increased SLC20A1 expression, according to a previous
investigation. Moreover, this SLC20A1 high subset
of individuals showed worse responses to endocrine
treatment, particularly in breast cancer luminal A and
B subtypes [18]. Nonetheless, the association between
SLC20A1 and the prognosis of patients with HNSCC
are rarely reported.

As systematic interpretations of SLC20A1 in HNSCC
being undefined, we utilized bioinformatics analysis
tools and laboratory experiments to explore the
expression and multilevel clinical value of SLC20A1
in HNSCC. This study projects to investigate the
impact of SLC20A1 in tumor progression, prognostic
value, molecular mechanism and treatment response
in HNSCC.

MATERIALS AND METHODS
Data collection
The Cancer Genome Atlas (TCGA) database was used

as the source from which data on SLC20A1 expression,
prognostic information and clinical features of HNSCC

cases was extracted (https://xena.ucsc.edu/). Normalized
gene transcript data from Fragments Per Kilobase of
transcript per Million mapped reads (FPKM) were
involved in this study. The clinicopathological features
of the included specimens, like gender, age, grade,
node (N) and tumor (T) statuses, and stage were used in
the analyses. Another 24 paired tissues were stored in
our laboratory. The Ethics Committee of the Affiliated
Lihuili Hospital has granted authorization for the
conduct of this research, under the approval number
2022S1.415-01.

Expression difference of the SLC20Al and its
association with DNA methylation in HNSCC

Perl software was used to extract the SLC20Al
MRNA expression level in HNSCC from the HTSeq
data. R software (version 3.6.0; limma package) is
applied for analysis of the differential expression of the
SLC20AL1 in HNSCC samples by comparing it to normal
tissues. In addition, the methylation of these cg sites
(cg05422897, cg05672265, cg06121808, cgl0762132,
€g10898730, €g23886783, cg26703507) in SLC20A1
gene’s promoter regions was obtained by down-
loading DNA methylation data from Illumina's Human
Methylation 450K data. Annotation data used for
cg sites were downloaded from Illumina's help desk
(https://support.illumina.com). Utilizing the Pearson
correlation with the R package corrplot, our team
analyzed the correlation between DNA methylation and
SLC20A1 mRNA expression.

Prognosis value of SLC20AL in HNSCC

Using the optimal threshold for SLC20A1 expression
identified by the iterative algorithm of the survival
package, we constructed the overall survival (OS)
curves using the Kaplan-Meier method for a more
precise analysis. A risk assessment model for prognosis
prediction was generated to bind the expression level
with survival outcome of each patient. TCGA datasets
were used to perform all analyses. The independent
prognostic value of SLC20A1 in HNSCC was assessed
using uni- and multivariate Cox regression analyses.
Two R packages, survminer and survival, were used
for all these analyses and the ggplot was used for the
results represented by forest plot.

Nomogram construction for prognosis prediction

A nomogram was constructed to provide a quantitative
approach for predicting survival probability in HNSCC,
which comprised the SLC20A1 clinical, pathological,
and expression factors, including gender, age, grade,
stage, T status and N status, by using R package rms.
In the nomogram, we used the OS rates at 1, 3, and 5
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years as endpoints. Area under the curve (AUC) and
receiver operating characteristic (ROC) curve were
developed to evaluate these rates’ predictive ability.
Furthermore, calibration plots were drawn to assess
the nomogram accuracy for internal validation [19].

Prediction of therapeutic sensitivity in HNSCC with
different expression of SLC20A1

To evaluate the chemoresistance in HNSCC, the 50%
inhibiting concentration (1C50) value of the 3 medicine
which was mainly used in chemotherapy for HNSCC
was inferred using the pRRophetic algorithm. The
TIDE score uses gene expression patterns to predict
clinical outcome for immune checkpoint inhibitors
(ICIs) [20]. A lower TIDE score is associated with a
greater immunotherapy response.

Expression of SLC20A1 and the association with
tumor infiltrating immune cells (T11Cs)

The relationship between SLC20A1 and 22
subsets of tumor-infiltrating lymphocytes (mostly
neutrophils, macrophages, dendritic cells, CD8+
and CD4+ T cells, and B cells) were evaluated using
the CIBERSORT database (https://cibersort.stanford.
edu/). For this purpose, we utilized the Tumor
Immune Estimation Resource (TIMER) database
(https://cistrome.shinyapps.io/timer/) to investigate
TIICs and SLC20A1 expression in depth.

Functional enrichment analysis

Enrichment studies of the thematic expression of
SLC20A1 were performed to identify the possible
molecular processes and roles of SLC20A1 in HNSCC.
Two further studies, using the Kyoto Encyclopedia of
Genes and Genomes (KEGG) and the Gene Ontology
(GO), were conducted. The R programs cluster profiler
and enrichplot were applied to run KEGG pathway
and GO functional enrichment studies. To investigate
potential signaling pathways in which SLC20Al
participates, a gene set enrichment analysis (GSEA) was
run. Remarkably variable expression levels were defined
as having a false discovery rate (FDR) of < 0.05 and a
| log2FC |> 1.

Cell culture and transfection

TU686 (laryngeal squamous cell carcinoma cell line)
and CAL-27 (tongue squamous cell carcinoma cell
line) human HNSCC cells were employed in this
investigation. HNSCC cells were cultured in 0.05
mg/mL gentamycin (Schering-Plough Europe, Belgium)
and RPMI 1640 with 10% FBS. Saturated humidity
with 5% CO,, and 37° C was used to cultivate cells.

GeneChem created SLC20A1-specific siRNAs (si-
SLC20A1#1/2/3) and si-NC (China). These plasmids
were introduced into CAL-27 and TUG686 cell lines using
Lipotransfectamine 3000 (Thermo Fisher Scientific,
USA).

CCK-8 experiment and colony formation assay

Cell lines CAL-27 and TU686 were grown in 96-well
plates at a density of 5x10° cells/well for 0, 24, 48,
72, and 96 hours. After two hours in the dark at 37° C,
cells were counted using a cell counting kit 8 (CCK-8)
(Dojindo, Japan). Cell absorbance was measured at a
wavelength of 450 nm. Six-well plates were seeded
with CAL-27 and TU686 cells (at a density of 500 cells
per well), and the media were replaced every four
days. Colonies were fixed in 4% paraformaldehyde for
30 minutes and dyed with 0.1% crystal violet (Sigma-
Aldrich, USA) for 15 minutes after being incubated
for two weeks. The colony count was performed using
Image J program.

Wound healing assay

A six-well plate was used for the cellular seeding.
After the cells had adhered together to create a
monolayer, a scratch was made in it using the tip of
a plastic pipette with 200 L. Cells should be washed
with PBS three times. After discarding the whole
DMEM, 2 mL of DMEM devoid of serum was applied
to each well. Using an IX71 inverted microscope
(Olympus, Japan), we photographed the drawn distance
of each hole at the stated periods (0 h, 48 h) and
analyzed the photos using Image J. There were three
rounds of each test.

Transwell assay

By a 24-well Transwell chamber, a Transwell experiment
was done to test how well the cells could invade. TU686
and CAL-27 cell lines in media without serum were
put in top chambers that had been covered with 2%
Matrigel (BD Biosciences, USA). In the bottom chambers,
medium with 20% FBS was added. After two days of
incubation, 4% paraformaldehyde was used to fix the
cells that had moved to the bottom of the membrane. The
cells were fixed, and then crystal violet was used to stain
them for 15 minutes. With the use of Image-Pro Insight
software and an Olympus 1X71 microscope from Japan,
the findings were seen and recorded (Olympus, Japan).

Quantitative real-time polymerase chain reaction
(qRT-PCR)

Using TRIZOL (Invitrogen, USA), total RNA was
extracted from 24 HNSCC and normal samples,
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and then cDNA was synthesized using a reverse
transcription kit (Novoprotein, China). The qRT-
PCR reactions were performed using a LightCycler
480 (Roche, USA) instrument and NovoStart SYBR
gPCR (Novoprotein, China), as per the manufacturers'
instructions. During each of the 35 cycles, the reaction
was subjected to the following conditions: heating,
denaturation, annealing, and extension at 95° C,
60° C, 72° C, and 95° C for 30 s, 10 s, 30 s, and
30 s, respectively. The SLC20AL relative expression
was determined using the two-fold comparative Ct
technique (2Ct). Each sample has three independent
tests conducted on it. These were the primer sequences
that were provided: SLC20A1, F: 5°-TGGCAACGCT
GATTACCAGT-3’; R: 5-CAGCCCTTGAGTCGAG
TTGT-3". GAPDH, F: 5>-TCAAGATCATCAGCAAT
GCC-3’; R: 5’-CGATACCAAAGTTGTCATGGA-3".

Western blotting analysis

Tissue was collected, lysed, and protein content was
determined using a BCA protein assay kit (Beyotime,
China) per the manufacturer's instructions. Using a 10%
sodium dodecyl sulfatepolyacrylamide gel, we separated
the protein that had been extracted using the improved
RIPA buffer (Beyotime, China). The membrane was
then transferred onto a PVDF membrane (Millipore,
USA) at a continuous current of 240 mA for 2 hours,
followed by blocking in 5% skim milk for 2 hours
and incubation with anti-SLC20A1 primary antibody
(Proteintech, China) at 4 degrees Celsius for 1 night.
Following a 3-time TBST wash, the membrane was
incubated with a secondary antibody from Proteintech
(China) for an hour. Eventually, chemiluminescence
(Advansta, USA) was used to identify and visualize the
target protein with Image Lab software.

Statistical analysis

Documents for GESA preparation, DNA methylation,
and HTSeq FPKM were parsed using Perl software
version 5.32 to glean the relevant data. Differential
expression, nomogram generation, prognostic value
assessment, and Pearson correlation were all performed
using R 4.0.3 program with specialized packages.
Appropriate testing methods were selected for com-
parison based on the type of samples, including the T-
test, Chi-square test, and Wilcoxon test. A significance
level of 0.05 was used.

Data availability

The data that supported the findings of this study
are openly available from The Cancer Genome Atlas
(TCGA) program (https://portal.gdc.cancer.gov/).

RESULTS
HNSCC prognosis and SLC20AL1 expression

We analyzed 383 cases to see whether or not there was
a correlation between SLC20A1 expression and patient
features. It was found that patients that expressed a lot
of SLC20A1 had a higher-than-average T stage, as
shown in Table 1 (P < 0.05). Our findings demonstrated
the significantly higher expression levels of SLC20A1
MRNA in 499 HNSCC samples compared to 44 adjacent
normal ones, obtained from the TCGA database (Figure
1A, P<0.05). gRT-PCR analyses of 24 pair-matched
samples stored in our laboratory consistently showed a
remarkable increase of SLC20A1 mRNA in HNSCC
tissues (Figure 1B, P<0.05). Western blot of five paired
tissues showed that SLC20A1 protein was highly
expressed in HNSCC tissues (Figure 1C). Furthermore,
SLC20A1 methylation status in promoter cg sites was
also investigated, as was the correlation with gene
expression. From Pearson correlation, we could obtain
that the abnormal DNA methylation might lead to the
high expression of SLC20A1 (Figure 1D).

Additional investigation of SLC20A1l's relevance to
survival in HNSCC was performed using Kaplan-Meier
analysis. We determined the threshold for separating
patients into those with high or low SLC20A1 expression
based on SLC20A1 expression level, survival status, and
OS time. The findings showed that individuals having
a high SLC20A1 expression had a higher risk score,
and a shorter OS time (Figure 2A, 2B). In addition,
stage, age, and SLC20A1 expression were shown to
be independent predictive variables for HNSCC in both
uni- and multivariate analyses using Cox regression
(Figure 2C, 2D).

Silencing SL.C20A1 inhibited cell invasion, migration,
and proliferation in HNSCC

In our research, we used the CAL-27 and TU686 cell
lines to examine SLC20A1's role in HNSCC cells.
Transfection of siRNA for nucleotides cofactors (NC)
and SLC20A1 were performed in CAL-27 and TU686
cell lines, respectively. Cell proliferation was reduced
in both cell lines treated with si-SLC20A1 compared
to controls, as measured by cell counting tests and
colony formation (Figure 3, P<0.05). The wound healing
experiments were utilized to measure the migratory
potential of HNSCC cells, and the findings indicated
a substantially smaller wound area in the controls
compared to cases in the si-SLC20A1 groups (Figure
4A, P<0.05). Furthermore, Transwell assay findings
showed that SLC20AL-down-expressed groups were
less invasive than controls (Figure 4B, P<0.05). Finally,
we hypothesized that knocking down SLC20Al in
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Table 1. SLC20A1 overexpression association with the
clinical and pathological features of the included HNSCC

cases.
SLC20A1
Variables Cases (n) ———————— P-value
High Low
Total 383 169 214
Age (years)
>65 129 55 74
<65 254 114 140 0.676
Gender
Male 281 125 156
0.814
Female 102 44 58
Pathological stage
11 69 28 41
512
/v 314 141 173 05
T stage
T1/T2
134 48 86 0.016*
T3/T4 249 121 128
N status
Negative 162 72 90
0.914
Positive 221 97 124
Histologic grade
G1-2 293 124 169
G3-4 90 45 45 0.199
*, P<0.05.

HNSCC cells would reduce their ability to proliferate,
migrate, and invade.

Nomogram development

A nomogram has been established based on SLC20A1
expression and clinical characteristics (Figure 5A), as a
quantitative approach for HNSCC prognosis prediction.
Calibration curve indicates good agreements between
the observed outcome and predicted probability (Figure
5B). For further validation of the prognostic power of
combined clinical features and SLC20A1 expression,
ROC curve has been created and the AUC for survival
rates at 1, 3, and 5 years were 0.676, 0.750 and
0.716, with moderate prediction accuracy (Figure
5C), indicating the significant ability of the developed
monogram for predicting HNSCC prognosis.

The association between SLC20A1 overexpression
with chemotherapy and immunotherapy response in
patients with HNSCC

As shown in Figure 6A, SLC20A1 expression was
remarkably associated with cisplatin, gemcitabine, and

paclitaxel. Moreover, SLC20A1 overexpression was
more sensitive to cisplatin and gemcitabine, while
low expression of SLC20A1 were more sensitive to
paclitaxel.

The results demonstrated that SLC20A1l over-
expression was associated with more immune exclusion
and dysfunction, and a lower TIDE score, indicating
that patients with a higher SLC20A1 expression level
are less sensitive to immunotherapy (Figure 6B).
Specifically, we looked at how SLC20AL expression
relates to TIICs in HNSCC. SLC20A1 expression
variation was strongly correlated with a wide range of
immune cell types (Supplementary Figure 1). In our
analysis of the TIMER and the CIBERSORT databases,
we found that high SLC20A1 expression was negatively
correlated with resting mast cells, dendritic cells, resting
NK cells, T cells regulatory (Tregs), and resting CD8+
T cells, and positively correlated with Eosinophils,
activated mast cells, macrophages MO, resting NK cells,
and CD4+ memory T cells (Figure 7A, 7B). This led us
to hypothesize that SLC20A1 expression has a role
in modulating the immunological microenvironment in
HNSCC, which is important for further studies.
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SLC20A1-related underlying molecular mechanism
in HNSCC

A protein-protein interaction (PPI) network was
constructed using the GENEMANIA database, followed
by a Pearson correlation analysis based on gene
expression data from TCGA. This analysis revealed a
strong correlation between SLC20A1 and SLC20AZ2,
especially in shared protein structural domains
(Supplementary Figure 2). Analyses of GO functions
and KEGG pathways were used to uncover a possible
molecular mechanism involving SLC20A1 in HNSCC.
The findings of the GO analysis revealed the correla-
tion between cellular component, biological process
and molecular function, and SLC20A1 expression
(Supplementary Figure 3A, 3B). Meanwhile, the results
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knocking out SLC20AL significantly reduced TNF and
TNFR2 expression levels compared to the control group
(Supplementary Figure 5). Hence, we hypothesize that
SLC20A1 may be involved in the regulation of the
TNF/TNFR2 signaling pathway.

In addition, GSEA interpretation indicated that SLC20A1
overexpression had markedly positive correlations with
numerous enrichment pathways (Supplementary Figure
6A, 6B), including “bladder cancer”, “colorectal cancer”,
“renal cell cancer”, “small cell lung cancer”, “cell cycle”,
“natural killer cell mediated cytotoxicity”, “P53 signaling
pathway” and “MAKP signaling pathway”, In contrast,
SLC20AL1 low expression was significantly related with
several metabolism and biochemical processes, such as
“alpha linolenic acid metabolism”, “drug metabolism
cytochrome P450”, “arachidonic acid metabolism” and

“oxidative phosphorylation” (Supplementary Figure 6C).
Accordingly, SLC20A1 might act as a novel biomarker
in tumor progression and immune environment in
HNSCC.

DISCUSSION

In our study, results showed that SLC20Al1 was
remarkably upregulated in HNSCC tissues than
adjacent normal ones at the mRNA level in the TCGA
database. qRT-PCR analyses also confirmed the results.
Protein level clear overexpression was also exhibited
by Western blotting. According to Pearson correlation,
DNA methylation was suggested as a reason for this
upregulation. Subsequently, the clinical prognostic
value of SLC20A1 was explored. According to Kaplan-
Meier analysis, OS was significantly short among cases
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with SLC20A1 overexpression. Moreover, uni- and
multivariate analysis indicated the prognostic power of
SLC20A1 for HNSCC. Moreover, the results showed
that overexpression of SLC20A1 was prominently
related to high T stage. A significant diagnostic value
for HNSCC was also demonstrated for SLC20A1 on
ROC curves. Accordingly, a nomogram was created for
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Figure 4. Silencing SLC20A1 inhibited migration and invasion in HNSCC. (A) Wound-healing experiments showed that silencing
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diagnosis and treatment of esophageal adenocarcinoma
[22]. Besides, research showed that SLC20A1 over-
expression increases pituitary cell proliferation, resulting
in an unfavorable prognosis [14]. Jiang et al. found
that SLC20A1, among other different genes, was over-
expressed, and the progression of tongue squamous cell

carcinoma was associated with miR-138 down-
regulation [16]. Based on these results, we believe that
more research is required to determine the expression
level of SLC20A1 in patients with HNSCC, which will
be crucial for the translational application of SLC20A1
in HNSCC management.
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At present, some studies explored the role of SLC20A1
in different tumor species. In somatotroph adenomas, a
positive correlation was noted for tumor recurrence, size,
and invasiveness with SLC20A1 levels [23]. Targeted
siRNA knockdown of SLC20A1 in breast cancer cells
was tested for its influence on tumor sphere formation
and cell viability. SLC20A1 was shown to be important
in cancer development and to contribute to clinical out-
comes in individuals with ER+, claudin-low, and basal-
like breast tumors [15]. In esophageal adenocarcinoma,
SLC20A1 was considered an independent prognostic
indicator for relapse-free survival [22]. To investigate
the association of SLC20A1 with HNSCC prognosis, we
found that SLC20A1 exaggerated expression promoted
the clonal formation and cell proliferation in HNSCC
cells. The cell migration and invasion ability after
SLC20A1 knockdown are significantly weaker than that
of wild cell lines. Therefore, we conclude that high
expression of SLC20A1 can remarkably induce tumor
cells to invade, migrate, and proliferate, additionally
showing the unfavorable prognosis of this biomarker
in cases with HNSCC.

Moreover, multidisciplinary treatment for HNSCC is

consistent of 3 main approaches: surgery, chemotherapy
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and radiotherapy [24]. A sensitive chemotherapeutic
medicine is important for patients of HNSCC.
Widespread use of the platinum-based anticancer
drug cisplatin began in 2000, and since then, paclitaxel,
among other taxane-based cancer treatments, was
develop for HNSCC [25]. Gemcitabine has been shown
to be beneficial against HNSCC in many phase I trials,
including those combining it with radiation, cisplatin,
and docetaxel [26]. Nonetheless, inherent or acquired
chemoresistance promotes to adverse prognosis, regional
recurrence, and treatment failure. Through the Wnt/-
catenin signaling pathway, it has been shown that
cisplatin resistance was observed with CD44 high
expression levels in HNSCC cells [27]. An increase
in the expression of KLF4, ABCG2, and ABCB1 was
associated with resistance to paclitaxel in head and
neck squamous cell carcinoma (HNSCC), according to
research by Duz et al. [28]. Xuan et al. discovered that
TGF- levels in cells are a major contributor to resistance
to gemcitabine, suggesting that inhibiting TGF- might
be an effective new approach for treating HNSCC that
has developed resistance to the drug [29]. In our study,
we selected three chemotherapeutic medicines including
cisplatin, gemcitabine, and paclitaxel for analysis,
which were widely used in HNSCC. The findings
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demonstrated that cases with exaggerated SLC20A1
expression have increased sensitivity to cisplatin and
gemcitabine, and reduced sensitivity to paclitaxel,
providing insights for further investigation.

Immunotherapy is becoming a breakthrough in
oncological therapy for HNSCC [30]. Increasing
knowledge about immunological mechanism during
carcinogenesis has allowed for the introduction of
new therapeutic standards. TIME (tumor immune
microenvironment) represents an intricate network.
Tumor cells may interact with their inner cytokines,

stromal cells, and immune cells to modulate the
immunological network, which in turn affects tumor
growth and the efficacy of immunotherapy. Immune
cell invasion into a tumor has been linked to both
immunotherapy response and outcome in head and
neck squamous cell carcinoma [31-33]. In this study,
the CIBERSORT and TIMER analyses showed that
SLC20A1 overexpression was remarkably correlated
with TIHCs, strengthening what was found about
the significant relationship between HNSCC immune
microenvironment and SLC20Al. Furthermore, we
identified that SLC20A1 overexpression is correlated

A p-0.030 —— Low SLC20A1
— High SLC20A1
0.6
p=0.041
< -
E=] =0.574
S 04 - p<0.001
o _
p-0.022 p=0.509
p=0.827 p=0.610
p=0.534 _
- p=0.504 p<0.001P=0-001
0.2 o p=0.006 p=0.003 p=0.938
p=0.002 -
p=<0.001 Pe0.00T | = g a7
p=0.060 -
J\ A p=0.122 1 l 1 p=0.030
oo | 1L ! il
’,a?{b @Dc\ ﬁéh O ia‘.“e n}ﬁq rb@f-‘r \Qe‘ aqr;\ &\v@ © & & K3 & é@b &© & 6‘3‘& &
5 & @ & P g & T &S c,o"d o &E’ e‘% & & & 5 & &
Gl 3® 3 A S & A% 3 \.Oﬁ & a & <+ 6‘@ é‘gb ¥ ] & &7 Q,D%\ $@>
g % S & & § ¥ T R N A
S I LA 53 W T & ¥ S
@) o & & “ & & h
e G < S
F ® “ <
B T
"] fz-ompezrem R2013.0-0012 kg ooon ] metm p=zoe-ts =083 3 100
3 I3 -, Boa 2
- Pl 8 i
i ] : :
o .._'_‘ .

ks

w0 17, - Q00000

¢ ks cssted

N et raaling

T cals £ mamery resting

@
Fish e

PR

Teala COB
T ol bty (Trogal

L]
Fisk seore

ik seam:

Figure 7. Association between SLC20A1 expression and TIICs in HNSCC. (A) Abundance of TIICs infiltration between low and high
SLC20A1 expression in HNSCC from CIBERSORT database. (B) Correlation between SLC20A1 expression and TIICs from TIMER database.

WWWw.aging-us.com

4434

AGING



with more immune exclusion and immune dysfunction
and lower TIDE score. Therefore, we suggested that
SLC20A1 might take part in the immunotherapy of
HNSCC patients. More research is needed to determine
SLC20A1's precise role in the tumor-immune milieu,
however, since the infiltrative immunological landscape
of HNSCC has not been fully described to this point.

To adequately comprehend the participating mechanism
of SLC20A1 in HNSCC, we performed GSEA analysis.
As was reported, in vascular smooth muscle cells,
SM22agene expression was inhibited and ERK1/2
phosphorylation was promoted due to elevated Pi
signaling by SLC20A1 via a Rapl/B-Raf/Mek1/2 cell
signaling pathway [34]. Elevated Pi by SLC20A1,
which encodes the Pitl sodium phosphate cotransporter,
resulted in phosphorylation of the FGF receptor
substrate 20, phosphorylation through the MEK/ERK
pathway [35]. The upregulation of SLC20AL targets
the miR-31-5p/MMP3 axis, leading to aggravated
degeneration of the extracellular matrix in degenerative
human nucleus pulposus cells [36]. In this study, the
results indicated that SLC20A1 overexpression had
markedly a positive correlation with numerous types
of cancer. This data suggests that SLC20A1 has a
role in cancer development affects patient outcomes.
Furthermore, we observed a robust correlation between
high SLC20A1 expression and the P53 signaling
route and the MAKP signaling pathway. Important
insights into the pathophysiology and therapy of
myelosuppression were provided by the discovery
of a causal relationship between Pi metabolism and
the P53 signaling pathway during myelosuppression.
This link was shown to be essential for the survival
of hematopoietic stem cells [13]. Research showed
the increased sensitivity of SLC20A1-depleted cells to
the proapoptotic activity of tumor necrosis factor (the
antiapoptotic NFxB pathway is inactivated, while the
MAPK pathway is activated) [11].

In addition, we have initiated a preliminary exploration
into the mechanisms by which signaling pathways
regulate the tumor immune microenvironment. We
discovered that SLC20A1 may play a role in modulating
the TNF/TNFR2 signaling pathway. TNF, a pleiotropic
pro-inflammatory cytokine, is pivotal in numerous
cellular events, including cell proliferation, differentiation,
and apoptosis [37]. It induces paradoxical effects in the
immune system, being critical for both the initiation
and coordination of inflammation, while concurrently
suppressing immune cell activity. TNF interacts with
two distinct receptors, TNFR1 and TNFRZ2, activating
different signaling pathways [38, 39]. TNFR1 primarily
promotes inflammatory responses, whereas TNFR2
expression is mainly on activated T cells, especially
involving Tregs in immune reactions and stabilizing the

CD4+Foxp3+ Treg phenotype, with most CD8+
suppressive T cells also expressing TNFR2. Beyond
its role in maintaining Treg proliferation and stability,
TNFR2 also acts as an oncogene. TNFR2 expression
has been identified in at least 25 different tumor
types, including human renal cell carcinoma, multiple
myeloma, colorectal cancer, ovarian cancer, and
CTCL (cutaneous T-cell lymphoma) [40]. The tumor
microenvironment cunningly recruits TNFR2+ Treg
cells, which are highly immunosuppressive, thus
facilitating tumor immune evasion [41]. Tregs, one of
the immunosuppressive cells in the tumor immune
microenvironment, control autoimmune responses and
inhibit the activation and proliferation of Teffs (effector
T cells) through various mechanisms. These include
downregulating MHC and co-stimulatory molecules
(CD80 and CD86) on APCs (antigen-presenting cells),
inhibiting APC maturation, and weakening their inter-
action with T cells [42]. Tregs can also directly Kill T
cells and APCs by secreting perforin and granzymes and
suppress T cell activation and proliferation by secreting
inhibitory cytokines such as TGF- (transforming growth
factor-p), IL (interleukins)-10, IL-35, and depleting
yc cytokines [43]. Studies have found that the balance
of PD-1 expression between Teffs and Tregs in the
tumor immune microenvironment can predict the
clinical efficacy of PD-1 inhibitors [44]. Therefore, it
is speculated that a decrease in SLC20A1 expression
could reduce the activation of the TNF/TNFR2
signaling pathway, thereby inhibiting Tregs, restoring
tumor immune response, and eliminating the tumor.

Moreover, we also investigated that high levels of
SLC20A1 have a notable association with cell cycle.
Because SLC20A1 is a Pi symporter and increases Pi
uptake contributing to DNA synthesis and the regulation
of the cell cycle [5, 6]. Our study showed that SLC20A1
was significantly related to several metabolism and
phosphorylation processes. Hence, it is speculated that
SLC20A1 in HNSCC drives the progression of the cell
cycle through phosphorylate other proteins.

Although this investigation provides results that might
aid to a better comprehension of SLC20A1 expression
value in tumor progression and prognosis in HNSCC,
different limitations should be highlighted. First, the
number of tissue samples could be enlarged. Second,
the mechanism and regulation of SLC20A1 expression
have not been further explored. Moreover, our study
lacks vivo experimental verification.

CONCLUSIONS
Based on our findings, SLC20A1 is upregulated in

HNSCC tissues and may serve as a poor prognostic
indication for this disease by encouraging cancer cells
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to invade, migrate, and proliferate. SLC20A1 over-
expression might be closely related with chemotherapy
response and is a novel biomarker in the progression
of tumors and immune environment in HNSCC, which
is worthy of further investigation.

Abbreviations

HNSCC: head and neck squamous cell carcinoma;
TCGA: the Cancer Genome Atlas; GSEA: gene set
enrichment analysis; TIMER: tumor immune estimation
resource; TIDE: tumor immune dysfunction and
exclusion; Pi: inorganic phosphate; FPKM: fragments
per kilobase of transcript per million mapped reads;
IC50: 50% inhibiting concentration; Tregs: regulatory
T cells; OS: overall survival; GO: gene ontology; KEGG:
Kyoto Encyclopedia of Genes and Genomes; TIICs:
tumor immune infiltrating cells; ROC: receiver operating
characteristic; H,PO4~: monovalent inorganic phosphate;
gRT-PCR: quantitative real-time polymerase chain
reaction; TIME: tumor immune microenvironment;
CTCL: cutaneous T-cell lymphoma; Teffs: effector
T cells; APCs: antigen-presenting cells; TGF-p:
transforming growth factor-B; IL: interleukins; PPI:
protein-protein interaction.

AUTHOR CONTRIBUTIONS

The study was designed by CCZ and KTL. The data
analysis from the public database was made by
CCZ, YPB, and KTL. SF and KTL performed the
laboratory experiments. XJQ, MJ, and KTL wrote
and revised the manuscript. All authors reviewed the
manuscript.

CONFLICTS OF INTEREST

The authors declare that there are no financial or other
conflicts of interest associated with this study.

ETHICAL STATEMENT AND CONSENT

The Institutional Medical Ethics Committee of
Lihuili Medical Center granted approval for this study
under the reference number 2023-341. The laboratory
samples are the pathological specimens and adjacent
tissues stored in the laboratory in the past, and do not
involve patient privacy, so informed consent is waived.

FUNDING

The study was supported by Ningbo Municipal
Medical Science and Technology Plan Project (No.
2023Y01) and the Medical Science and Technology
Project of Zhejiang Provincial Health Commission
(No. 2020KY857).

REFERENCES

1. Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA,
Jemal A. Global cancer statistics 2018: GLOBOCAN
estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin. 2018;
68:394-424.
https://doi.org/10.3322/caac.21492
PMID:30207593

2. Ferlay J, Colombet M, Soerjomataram |, Mathers C,
Parkin DM, Pifleros M, Znaor A, Bray F. Estimating the
global cancer incidence and mortality in 2018:
GLOBOCAN sources and methods. Int J Cancer. 2019;
144:1941-53.
https://doi.org/10.1002/ijc.31937 PMID:30350310

3. Thavaraj S. Human papillomavirus-associated
neoplasms of the sinonasal tract and nasopharynx.
Semin Diagn Pathol. 2016; 33:104-11.
https://doi.org/10.1053/j.semdp.2015.09.011
PMID:26482046

4. Forster IC, Hernando N, Biber J, Murer H. Phosphate
transporters of the SLC20 and SLC34 families. Mol
Aspects Med. 2013; 34:386-95.
https://doi.org/10.1016/j.mam.2012.07.007
PMID:23506879

5. Sapio L, Naviglio S. Inorganic phosphate in the
development and treatment of cancer: A Janus
Bifrons? World J Clin Oncol. 2015; 6:198-201.
https://doi.org/10.5306/wjco.v6.i6.198
PMID:26677430

6. Jin H, Xu CX, Lim HT, Park SJ, Shin JY, Chung YS, Park SC,
Chang SH, Youn HJ, Lee KH, Lee YS, Ha YC, Chae CH,
et al. High dietary inorganic phosphate increases lung
tumorigenesis and alters Akt signaling. Am J Respir Crit
Care Med. 2009; 179:59-68.
https://doi.org/10.1164/rccm.200802-3060C
PMID:18849498

7. Beck L, Leroy C, Salaiin C, Margall-Ducos G, Desdouets
C, Friedlander G. Identification of a novel function of
PiT1 critical for cell proliferation and independent of its
phosphate transport activity. J Biol Chem. 2009;
284:31363-74.
https://doi.org/10.1074/jbc.M109.053132
PMID:19726692

8. lLau WL, Festing MH, Giachelli CM. Phosphate and
vascular calcification: Emerging role of the sodium-
dependent phosphate co-transporter PiT-1. Thromb
Haemost. 2010; 104:464-70.
https://doi.org/10.1160/TH09-12-0814
PMID:20664908

9. Byskov K, Jensen N, Kongsfelt IB, Wielsge M, Pedersen
LE, Haldrup C, Pedersen L. Regulation of cell

WWWw.aging-us.com

4436

AGING


https://doi.org/10.3322/caac.21492
https://pubmed.ncbi.nlm.nih.gov/30207593
https://doi.org/10.1002/ijc.31937
https://pubmed.ncbi.nlm.nih.gov/30350310
https://doi.org/10.1053/j.semdp.2015.09.011
https://pubmed.ncbi.nlm.nih.gov/26482046
https://doi.org/10.1016/j.mam.2012.07.007
https://pubmed.ncbi.nlm.nih.gov/23506879
https://doi.org/10.5306/wjco.v6.i6.198
https://pubmed.ncbi.nlm.nih.gov/26677430
https://doi.org/10.1164/rccm.200802-306OC
https://pubmed.ncbi.nlm.nih.gov/18849498
https://doi.org/10.1074/jbc.M109.053132
https://pubmed.ncbi.nlm.nih.gov/19726692
https://doi.org/10.1160/TH09-12-0814
https://pubmed.ncbi.nlm.nih.gov/20664908

10.

11.

12.

13.

14.

15.

16.

proliferation and cell density by the inorganic
phosphate transporter PiT1. Cell Div. 2012; 7:7.
https://doi.org/10.1186/1747-1028-7-7
PMID:22394506

Kongsfelt IB, Byskov K, Pedersen LE, Pedersen L. High
levels of the type Ill inorganic phosphate transporter
PiT1 (SLC20A1) can confer faster cell adhesion. Exp Cell
Res. 2014; 326:57-67.
https://doi.org/10.1016/j.yexcr.2014.05.014
PMID:24880124

Salatin C, Leroy C, Rousseau A, Boitez V, Beck L,
Friedlander G. Identification of a novel transport-
independent function of PiT1/SLC20A1 in the
regulation of TNF-induced apoptosis. J Biol Chem.
2010; 285:34408-18.
https://doi.org/10.1074/jbc.M110.130989
PMID:20817733

Liu L, Sdnchez-Bonilla M, Crouthamel M, Giachelli C,
Keel S. Mice lacking the sodium-dependent phosphate
import protein, PiT1 (SLC20A1), have a severe defect in
terminal erythroid differentiation and early B cell
development. Exp Hematol. 2013; 41:432-3.e7.
https://doi.org/10.1016/j.exphem.2013.01.004
PMID:23376999

Wu Y, Liao W, Chen J, Liu C, Zhang S, Yu K, Wang X,
Chen M, Wang S, Ran X, Su Y, Cheng T, Wang J, Du C.

Phosphate Metabolic Inhibition Contributes to
Irradiation-Induced Myelosuppression through
Dampening Hematopoietic Stem Cell Survival.

Nutrients. 2022; 14:3395.
https://doi.org/10.3390/nu14163395
PMID:36014901

Palmieri D, Valentino T, De Martino |, Esposito F,
Cappabianca P, Wierinckx A, Vitiello M, Lombardi G,
Colao A, Trouillas J, Pierantoni GM, Fusco A, Fedele M.
PIT1 upregulation by HMGA proteins has a role in
pituitary tumorigenesis. Endocr Relat Cancer. 2012;
19:123-35.

https://doi.org/10.1530/ERC-11-0135 PMID:22199144

Onaga C, Tamori S, Motomura H, Ozaki A, Matsuda C,
Matsuoka |, Fujita T, Nozaki Y, Hara Y, Kawano Y,
Harada Y, Sato T, Mano Y, Sato K, Akimoto K.
High SLC20A1 Expression Is Associated With Poor
Prognoses in Claudin-low and Basal-like Breast
Cancers. Anticancer Res. 2021; 41:43-54.
https://doi.org/10.21873/anticanres.14750
PMID:33419798

Jiang L, Dai Y, Liu X, Wang C, Wang A, Chen Z,
Heidbreder CE, Kolokythas A, Zhou X. Identification and
experimental validation of G protein alpha inhibiting
activity polypeptide 2 (GNAI2) as a microRNA-138
target in tongue squamous cell carcinoma. Hum Genet.
2011; 129:189-97.

17.

18.

19.

20.

21.

22.

23.

24,

https://doi.org/10.1007/s00439-010-0915-3
PMID:21079996

Andersen JN, Sathyanarayanan S, Di Bacco A, Chi A,
Zhang T, Chen AH, Dolinski B, Kraus M, Roberts B,
Arthur W, Klinghoffer RA, Gargano D, Li L, et al.
Pathway-based identification of biomarkers for
targeted therapeutics: personalized oncology with PI3K
pathway inhibitors. Sci Transl Med. 2010; 2:43ra55.
https://doi.org/10.1126/scitranslmed.3001065
PMID:20686178

Onaga C, Tamori S, Matsuoka |, Ozaki A, Motomura H,
Nagashima Y, Sato T, Sato K, Xiong Y, Sasaki K, Ohno S,
Akimoto K. High expression of SLC20A1 is less effective
for endocrine therapy and predicts late recurrence in
ER-positive  breast cancer. PLoS One. 2022;
17:e0268799.
https://doi.org/10.1371/journal.pone.0268799
PMID:35605014

lasonos A, Schrag D, Raj GV, Panageas KS. How to build
and interpret a nomogram for cancer prognosis. J Clin
Oncol. 2008; 26:1364-70.
https://doi.org/10.1200/JC0.2007.12.9791
PMID:18323559

Charoentong P, Finotello F, Angelova M, Mayer C,
Efremova M, Rieder D, Hackl H, Trajanoski Z. Pan-
cancer Immunogenomic Analyses Reveal Genotype-
Immunophenotype Relationships and Predictors of
Response to Checkpoint Blockade. Cell Rep. 2017;
18:248-62.
https://doi.org/10.1016/j.celrep.2016.12.019
PMID:28052254

Li J, Liu Y, Yan Z, Wan X, Xia Y, Wang K, Liu J, Lau WY,
Wu M, Shen F. A nomogram predicting pulmonary
metastasis of hepatocellular carcinoma following
partial hepatectomy. BrJ Cancer. 2014; 110:1110-7.
https://doi.org/10.1038/bjc.2014.19 PMID:24481404

Dong Z, Wang J, Zhan T, Xu S. Identification of
prognostic risk factors for esophageal adenocarcinoma
using bioinformatics analysis. Onco Targets Ther. 2018;
11:4327-37.

https://doi.org/10.2147/0TT1.5156716

PMID:30100738

Li J, Dong W, Li Z, Wang H, Gao H, Zhang Y. Impact of
SLC20A1 on the Wnt/B-catenin signaling pathway in
somatotroph adenomas. Mol Med Rep. 2019;
20:3276-84.
https://doi.org/10.3892/mmr.2019.10555
PMID:31432167

Kitamura N, Sento S, Yoshizawa Y, Sasabe E, Kudo Y,
Yamamoto T. Current Trends and Future Prospects of
Molecular Targeted Therapy in Head and Neck
Squamous Cell Carcinoma. Int J Mol Sci. 2020; 22:240.

WWWw.aging-us.com

4437

AGING


https://doi.org/10.1186/1747-1028-7-7
https://pubmed.ncbi.nlm.nih.gov/22394506
https://doi.org/10.1016/j.yexcr.2014.05.014
https://pubmed.ncbi.nlm.nih.gov/24880124
https://doi.org/10.1074/jbc.M110.130989
https://pubmed.ncbi.nlm.nih.gov/20817733
https://doi.org/10.1016/j.exphem.2013.01.004
https://pubmed.ncbi.nlm.nih.gov/23376999
https://doi.org/10.3390/nu14163395
https://pubmed.ncbi.nlm.nih.gov/36014901
https://doi.org/10.1530/ERC-11-0135
https://pubmed.ncbi.nlm.nih.gov/22199144
https://doi.org/10.21873/anticanres.14750
https://pubmed.ncbi.nlm.nih.gov/33419798
https://doi.org/10.1007/s00439-010-0915-3
https://pubmed.ncbi.nlm.nih.gov/21079996
https://doi.org/10.1126/scitranslmed.3001065
https://pubmed.ncbi.nlm.nih.gov/20686178
https://doi.org/10.1371/journal.pone.0268799
https://pubmed.ncbi.nlm.nih.gov/35605014
https://doi.org/10.1200/JCO.2007.12.9791
https://pubmed.ncbi.nlm.nih.gov/18323559
https://doi.org/10.1016/j.celrep.2016.12.019
https://pubmed.ncbi.nlm.nih.gov/28052254
https://doi.org/10.1038/bjc.2014.19
https://pubmed.ncbi.nlm.nih.gov/24481404
https://doi.org/10.2147/OTT.S156716
https://pubmed.ncbi.nlm.nih.gov/30100738
https://doi.org/10.3892/mmr.2019.10555
https://pubmed.ncbi.nlm.nih.gov/31432167

25.

26.

27.

28.

29.

30.

31

32.

https://doi.org/10.3390/ijms22010240
PMID:33383632

Baur M, Kienzer HR, Schweiger J, DeSantis M, Gerber E,
Pont J, Hudec M, Schratter-Sehn AU, Wicke W, Dittrich
C. Docetaxel/cisplatin as first-line chemotherapy in
patients with head and neck carcinoma: a phase Il trial.
Cancer. 2002; 94:2953-8.
https://doi.org/10.1002/cncr.10574 PMID:12115384

Maseki S, ljichi K, Nakanishi H, Hasegawa Y, Ogawa T,
Murakami S. Efficacy of gemcitabine and cetuximab
combination treatment in head and neck squamous
cell carcinoma. Mol Clin Oncol. 2013; 1:918-24.
https://doi.org/10.3892/mc0.2013.159
PMID:24649271

Roy S, Kar M, Roy S, Padhi S, Kumar A, Thakur S, Akhter
Y, Gatto G, Banerjee B. Inhibition of CD44 sensitizes
cisplatin-resistance and affects Wnt/B-catenin signaling
in HNSCC cells. Int J Biol Macromol. 2020; 149:501-12.
https://doi.org/10.1016/j.ijbiomac.2020.01.131
PMID:31953176

Duz MB, Karatas OF. Differential expression of ABCB1,
ABCG2, and KLF4 as putative indicators for paclitaxel
resistance in human epithelial type 2 cells. Mol Biol
Rep. 2021; 48:1393-400.
https://doi.org/10.1007/s11033-021-06167-6
PMID:33506275

Xuan YZ, lJin CR, Yang KJ. TGF-B downregulation
overcomes gempcitabine resistance in oral squamous
cell carcinoma. Cancer Biomark. 2020; 29:179-87.
https://doi.org/10.3233/CBM-201456
PMID:32741805

Przybylski K, Majchrzak E, Weselik L, Golusinski W.
Immunotherapy of head and neck squamous cell
carcinoma (HNSCC). Immune checkpoint blockade.
Otolaryngol Pol. 2018; 72:10-6.
https://doi.org/10.5604/01.3001.0012.4367
PMID:30647199

Yokota T, Homma A, Kiyota N, Tahara M, Hanai N,
Asakage T, Matsuura K, Ogawa T, Saito Y, Sano D,
Kodaira T, Motegi A, Yasuda K, et al, and Japan Clinical
Oncology Group (JCOG) Head and Neck Cancer Study
Group. Immunotherapy for squamous cell carcinoma of
the head and neck. Jpn J Clin Oncol. 2020; 50:1089-96.
https://doi.org/10.1093/jjco/hyaal39

PMID:32776100

Zhang X, Shi M, Chen T, Zhang B. Characterization of

the Immune Cell Infiltration Landscape in Head
and Neck Squamous Cell Carcinoma to Aid
Immunotherapy. Mol Ther Nucleic Acids. 2020;

22:298-309.
https://doi.org/10.1016/j.omtn.2020.08.030
PMID:33230435

33.

34.

35.

36.

37.

38.

39.

40.

41.

Yi L, Wu G, Guo L, Zou X, Huang P. Comprehensive
Analysis of the PD-L1 and Immune Infiltrates of m°A
RNA Methylation Regulators in Head and Neck
Squamous Cell Carcinoma. Mol Ther Nucleic Acids.
2020; 21:299-314.
https://doi.org/10.1016/j.omtn.2020.06.001
PMID:32622331

Chavkin NW, Leaf EM, Brooks KE, Wallingford MC,
Lund SM, Giachelli CM. Adapter Protein RapGEF1 Is
Required for ERK1/2 Signaling in Response to Elevated
Phosphate in Vascular Smooth Muscle Cells. J Vasc Res.
2021; 58:277-85.

https://doi.org/10.1159/000516044

PMID:33951626

Nishino J, Yamazaki M, Kawai M, Tachikawa K,
Yamamoto K, Miyagawa K, Kogo M, Ozono K,
Michigami T. Extracellular Phosphate Induces the
Expression of Dentin Matrix Protein 1 Through the FGF
Receptor in Osteoblasts. J Cell Biochem. 2017,
118:1151-63.

https://doi.org/10.1002/jcb.25742 PMID:27639037

Yang Y, Zhong Z, Zhao Y, Ren K, Li N. LincRNA-SLC20A1
(SLC20A1) promotes extracellular matrix degradation
in nucleus pulposus cells in human intervertebral disc
degeneration by targeting the miR-31-5p/MMP3 axis.
Int J Clin Exp Pathol. 2019; 12:3632-43.
PMID:31934214

Wajant H, Pfizenmaier K, Scheurich P. Tumor necrosis
factor signaling. Cell Death Differ. 2003; 10:45-65.
https://doi.org/10.1038/sj.cdd.4401189
PMID:12655295

Ventura JJ, Hibner A, Zhang C, Flavell RA, Shokat KM,
Davis RJ. Chemical genetic analysis of the time
course of signal transduction by JNK. Mol Cell. 2006;
21:701-10.
https://doi.org/10.1016/j.molcel.2006.01.018
PMID:16507367

Lamb JA, Ventura JJ, Hess P, Flavell RA, Davis RJ. JunD
mediates survival signaling by the JNK signal
transduction pathway. Mol Cell. 2003; 11:1479-89.
https://doi.org/10.1016/s1097-2765(03)00203-x
PMID:12820962

Torrey H, Khodadoust M, Tran L, Baum D, Defusco A,
Kim YH, Faustman DL. Targeted killing of TNFR2-
expressing tumor cells and Tregs by TNFR2 antagonistic
antibodies in advanced Sézary syndrome. Leukemia.
2019; 33:1206-18.
https://doi.org/10.1038/s41375-018-0292-9
PMID:30356161

Moatti A, Cohen JL. The TNF-a/TNFR2 Pathway:
Targeting a Brake to Release the Anti-tumor Immune
Response. Front Cell Dev Biol. 2021; 9:725473.

WWWw.aging-us.com

4438

AGING


https://doi.org/10.3390/ijms22010240
https://pubmed.ncbi.nlm.nih.gov/33383632
https://doi.org/10.1002/cncr.10574
https://pubmed.ncbi.nlm.nih.gov/12115384
https://doi.org/10.3892/mco.2013.159
https://pubmed.ncbi.nlm.nih.gov/24649271
https://doi.org/10.1016/j.ijbiomac.2020.01.131
https://pubmed.ncbi.nlm.nih.gov/31953176
https://doi.org/10.1007/s11033-021-06167-6
https://pubmed.ncbi.nlm.nih.gov/33506275
https://doi.org/10.3233/CBM-201456
https://pubmed.ncbi.nlm.nih.gov/32741805
https://doi.org/10.5604/01.3001.0012.4367
https://pubmed.ncbi.nlm.nih.gov/30647199
https://doi.org/10.1093/jjco/hyaa139
https://pubmed.ncbi.nlm.nih.gov/32776100
https://doi.org/10.1016/j.omtn.2020.08.030
https://pubmed.ncbi.nlm.nih.gov/33230435
https://doi.org/10.1016/j.omtn.2020.06.001
https://pubmed.ncbi.nlm.nih.gov/32622331
https://doi.org/10.1159/000516044
https://pubmed.ncbi.nlm.nih.gov/33951626
https://doi.org/10.1002/jcb.25742
https://pubmed.ncbi.nlm.nih.gov/27639037
https://pubmed.ncbi.nlm.nih.gov/31934214
https://doi.org/10.1038/sj.cdd.4401189
https://pubmed.ncbi.nlm.nih.gov/12655295
https://doi.org/10.1016/j.molcel.2006.01.018
https://pubmed.ncbi.nlm.nih.gov/16507367
https://doi.org/10.1016/s1097-2765(03)00203-x
https://pubmed.ncbi.nlm.nih.gov/12820962
https://doi.org/10.1038/s41375-018-0292-9
https://pubmed.ncbi.nlm.nih.gov/30356161

https://doi.org/10.3389/fcell.2021.725473
PMID:34712661

42. Shevach EM. Mechanisms of foxp3+ T regulatory cell-
mediated suppression. Immunity. 2009; 30:636—45.
https://doi.org/10.1016/j.immuni.2009.04.010
PMID:19464986

43. Rochman Y, Spolski R, Leonard WJ. New insights into
the regulation of T cells by gamma(c) family cytokines.
Nat Rev Immunol. 2009; 9:480-90.

44.

https://doi.org/10.1038/nri2580

PMID:19543225

Kumagai S, Togashi Y, Kamada T, Sugiyama E,
Nishinakamura H, Takeuchi Y, Vitaly K, Itahashi K,
Maeda Y, Matsui S, Shibahara T, Yamashita Y, Irie T, et
al. The PD-1 expression balance between effector and
regulatory T cells predicts the clinical efficacy of PD-1
blockade therapies. Nat Immunol. 2020; 21:1346-58.
https://doi.org/10.1038/s41590-020-0769-3

PMID:32868929

WWWw.aging-us.com

4439

AGING


https://doi.org/10.3389/fcell.2021.725473
https://pubmed.ncbi.nlm.nih.gov/34712661
https://doi.org/10.1016/j.immuni.2009.04.010
https://pubmed.ncbi.nlm.nih.gov/19464986
https://doi.org/10.1038/nri2580
https://pubmed.ncbi.nlm.nih.gov/19543225
https://doi.org/10.1038/s41590-020-0769-3
https://pubmed.ncbi.nlm.nih.gov/32868929

SUPPLEMENTARY MATERIALS

Supplementary Figures

|l'uﬂwmmwmwwmnrmwmrw TR 3 mmmwmnmmwwm e

T low
‘ I | | T coll CD4+ memory CIBERSORT high
H{IE 0 I | | T cell follcular helper_GIBERSORT 0 Methods
| Teelrequitory (Tegs) CiBERSORT Bl I TIvER
NK cell resting_CIBERSOI RT CIBERSORT
| (1 | NK cell activated CIBERSORT CIBERSORT-ABS
|| TS IR (S ATIAOTR BT TL]  macrophage wo | CIBERSORT -5 QUANTISEQ
| | ‘l | H [l ‘ Myeloid dendritic cell resting_GIBERSORT MCPCOUNTER
il Al \ i | AT O n| 01 o el
Lk EPIC
\ | ||||| Il \ || | ||| | ||| | Mast cll resting CIBERSORT
” I I‘ | "‘ ‘” | CD4+ memory resting_CIBERSORT-ABS
it | H \ | H |||\ A reguistory (Tiege)_CIBERSORT-ABS
| K cell resting_CIBERSORT-ABS
K cell activated CIBERSORT-ABS
PO TN R UOAIRE R TR LR AR R W I | (R L0 H ] acrophage Mo ) CIBERSORT- —ABS
‘ ‘ \ dritc cell resfing_CIBERSORT-ABS
| ‘ HH || H | ‘ | ‘ | | H | actwiledJ)IBERSORTfABS
‘ ‘ ‘ I ting_CIBERSORT- —ABS
| ||\| | | \ LN |\| |\ || | Macrophage M1_QUANTISEQ
| | \ | \ QQQQQQQQQQ
| | 1 reguiatory (Tiegs) CUANTIS
‘ I I \ | uncharacterized cell QUANTISEQ
| ||\| | H\ HH HH \|| || H | \||\
|| \ || | \ \ |
| \ |
i |
‘ | ‘ h | IV (1 | \

|IIIIIIIIIIIIIII!II I|II I IHIIIII "“."1': [ QLT l:"M:lﬁlll IIII I I\‘III III I||III\ 1]

EEEE

§
258
§

LLLLL

T (R LA L AT fl I I IIIII IIILI””L|

P

i

Common Iymphcld progenitor_XCELL

il fWWW WWWM&M WW m .....

Supplementary Figure 1. Heatmap of SLC20A1 overexpression related to immune cells in HNSCC.
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Supplementary Figure 2. Protein-protein interaction network of SLC20A1.
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Supplementary Figure 3. Gene function enrichment analysis. (A, B) Underlying molecular mechanism enriched by SLC20A1 from GO
analysis. (C, D) Biological processes enriched by SLC20A1 from KEGG analysis.
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Supplementary Figure 4. Comparative analysis of TNF, TNFR2, and SLC20A1 expression in HNSCC and normal tissues from
the TCGA database. (A) The expression levels of TNF and TNFR2 in head and neck squamous cell carcinoma and normal tissues; (B) The
relationship between SLC20A1 expression and the levels of TNF and TNFR2 in head and neck squamous cell carcinoma.

WWw.aging-us.com 4443 AGING



TNF | =% 25 kDa

TNFR2 |[% s | 75 kDa
1 047
GAPDH | ™= s ( 36 kDa

TU686

Supplementary Figure 5. Western blot analysis of the relationship between SLC20A1 expression and the levels of TNF and
TNFR2 in the head and neck squamous cell carcinoma TU686 cell line.
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Supplementary Figure 6. SLC20A1-related signaling pathways based on GSEA. (A, B) GSEA enrichment in the high-SLC20A1
expression phenotype. (C) GSEA enrichment in the low-SLC20A1 expression phenotype.
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