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SLC22A3 that encodes organic cation transporter-3 is associated
with prognosis and immunogenicity of human lung squamous cell
carcinoma
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Background: SL.C22A43, the gene which encodes organic cation transporter (OCT)-3, has been linked to
the prognosis of several types of cancer. However, its role in lung squamous cell carcinoma (LSCC) has not
been addressed elsewhere.

Methods: We analyzed gene expression, DNA methylation, and clinicopathological data from The Cancer
Genome Atlas - Lung Squamous Cell Carcinoma (TCGA-LUSC) (n=501), a publicly available database
exclusively consisting of LSCC patients. Using a 5 FPKM (fragments per kilobase of exon per million
mapped fragments) cut-off, we divided LSCC patients into two groups: patients with tumors possessing high
and low SLC22A3 expression (SLC22A43-high and SLC22A43-low, respectively). Prognostic significance was
determined through Cox analyses and Kaplan-Meier curves for overall survival (OS) and disease-free survival
(DES). Differential methylation position (DMP), differentially gene expression, and pathway analyses were
performed. Validation was carried out in GSE74777 (n=107), GSE37745 (n=66), GSE162520 (n=45) and
GSE161537 (n=17).

Results: SLC22A43-high LSCC patients had lower OS and DFS rates than SLC2243-low LSCC patients.
The different expression levels of SLC2243 in LSCC were correlated with the methylation status of the
SLC22A43 gene. Pathway analysis indicated that SLC2243 expression levels were positively correlated
with immune-related pathways such as inflammatory response and abundance of infiltrating immune cells
in the tumor microenvironment (TME). Notably, in the SLC2243-high group, many genes encoding
immunological checkpoint inhibitory molecules were upregulated. In addition, SLC22A43 expression
positively correlated with the Hot Oral Tumor (HOT) score, indicating high tumor immunogenicity.
Conclusions: These findings suggest that high expression of SLC22A43 is associated with poor prognosis
and high immunogenicity in LSCC tumors.

Keywords: Lung squamous cell carcinoma (LSCC); SLC2243; biomarker; tumor microenvironment (TME);

inflammation

A ORCID: Nguyen Quoc Vuong Tran, 0000-0003-4038-2704; Atsuhito Nakao, 0000-0002-4222-8922.

© Translational Lung Cancer Research. All rights reserved. Transl Lung Cancer Res 2023;12(10):1972-1986 | https://dx.doi.org/10.21037/tlcr-23-334


https://crossmark.crossref.org/dialog/?doi=10.21037/tlcr-23-334

Translational Lung Cancer Research, Vol 12, No 10 October 2023

1973

Submitted May 24, 2023. Accepted for publication Sep 26, 2023. Published online Oct 27, 2023.

doi: 10.21037/tler-23-334

View this article at: https://dx.doi.org/10.21037/tlcr-23-334

Introduction

For decades, lung cancer has consistently ranked the
deadliest cancer globally (1). Lung cancer has two main
types: small cell lung cancer (SCLC) and non-small cell
lung cancer (NSCLC), which account for 85% and 15%
of all cases, respectively (www.cancer.org, accessed on
July 24, 2023). Based on the histological characteristics,
NSCLC is further classified as lung adenocarcinoma
(LUAD), lung squamous cell carcinoma (LSCC), large cell
(undifferentiated) carcinoma, and others. LSCC accounts
for nearly 20% of all lung cancer (2).

The 5-year relative survival rate of patients with LSCC
increased over time but remained poor, reaching only
24.2% in 2020 (3). Although the introduction of targeted
therapy in recent years has shown remarkable improvements
in survival outcomes for LUAD patients, LSCC patients
have seen modest benefits from these advanced therapies,
even detrimental (4). This is partly due to the differences
in the biology and genetics of the two types of lung cancer.
LSCC has a limited number of genetic alterations that
can be targeted, such as EGFR, KRAS mutations, and
ALK rearrangements, making it challenging to develop
effective therapeutic strategies. In addition, although LSCC
treatment has revolutionized thanks to immune checkpoint
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blockade therapy, a sizable portion of LSCC patients is
resistant to immune checkpoint inhibitors (5,6). To tackle
these challenges in developing therapeutic remedies for
LSCC patients, it is essential to gain a deeper understanding
of molecular abnormalities underlying LSCC tumors.

SLC22A43 gene encodes organic cation transporter
(OCT)-3—a member of the OCT family which transports
a range of exogenous and endogenous organic cations,
including norepinephrine, dopamine, histamine, and
certain drugs, across plasma membranes. OCT-3 is found
in many types of tissues throughout the body, including
the lung, liver, kidney, small intestine, and others (7,8).
Several studies have linked OCT-3 to the prognosis of
various cancer types with varying impacts. While on the
one hand, overexpression of SLC22A43 was associated
with prolonged survival in patients with pancreatic
cancer (9) and glioblastoma multiforme (10); on the other
hand, colorectal and cervical cancer patients experienced
unfavorable outcomes when SLC2243 was highly expressed
(11,12). Furthermore, alteration in SLC22A43 expression
has been shown to influence the sensitivity of tumor cells
to chemotherapeutic medication in kidney carcinoma,
colorectal cancer, and head and neck squamous cell cancer
(13-15). These studies implied that SLC2243 may influence
cancer prognosis and treatment responsiveness.

To the best of our knowledge, the impact of SLC22A43
expression on LSCC has not been addressed elsewhere.
Therefore, the current work sought to evaluate gene
expression, DNA methylation, and clinicopathological
characteristics data of the first sample of primary LSCC
retrieved from The Cancer Genome Atlas - Lung Squamous
Cell Carcinoma (TCGA-LUSC) project, exclusively
consisting of LSCC patients. We present this article in
accordance with the REMARK reporting checklist (available
at https://tler.amegroups.com/article/view/10.21037/tlcr-
23-334/rc).

Methods
Data processing

TCGA-LUSC (n=504) is one of the largest projects in the
TCGA program (The Cancer Genome Atlas, National

Transl Lung Cancer Res 2023;12(10):1972-1986 | https://dx.doi.org/10.21037/tlcr-23-334


https://tlcr.amegroups.com/article/view/10.21037/tlcr-23-334/rc
https://tlcr.amegroups.com/article/view/10.21037/tlcr-23-334/rc

1974

DNA Methylation data
(Ns =412)

Paired gene expression-

Nguyen et al. SLC22A3 is linked to LSCC prognosis

TCGA-LUSC Project
Clinical data: Np =504
Gene expression data: Ns =553

methylation data

Y

Included (Ns = Np =501)
First sample of the primary tumor

Excluded (Np =3, Ns =52)
Normal tissue, Later samples

SLC22A3 methylation
status analyses
(Ns =369)

Prognosis
analyses

of the primary tumor, Recurrent
tumor Metastatic tumor

Gene expression analyses:
(n =Np =Ns =501)

—> DEGA

Overall survival
n=Np=Ns

Disease-free survival
n=Np=Ns

—> GSVA

—> The Kaplan-Meier analyses

e Chemotherapy only: n=144 .

e Radiation only: n=71 o

e Chemotherapy and 3
radiation: n=48

e Neither chemotherapy nor o

radiation: n=264

L—> Multivariate Cox analyses: n=352

|—>The Kaplan-Meier analyses

—> Dimension deduction

Chemotherapy only: n=129
Radiation only: n=62
Chemotherapy and
radiation: n=43

Neither chemotherapy nor
radiation: n=184

Validation analyses

Prognosis analyses
GSE74777 (n=107)
and GSE37745 (n=66)

HOT score for
immunogenicity analyses
GSE162520 (n=45),
and GSE161537 (n=17).
TCGA-LUSC (n=501)

Figure 1 Flow of LSCC patients from TCGA-LUSC project through the study. LSCC, lung squamous cell carcinoma; TCGA-LUSC, The
Cancer Genome Atlas - Lung Squamous Cell Carcinoma; Np, number of patients; N, number of samples; DEGA, differentially expressed

gene analysis; GSVA, gene set variation analysis, HOT score, Hot Oral Tumor score.

Cancer Institute, USA), exclusively consists of LSCC
patients. We accessed the TCGA-LUSC and retrieved
data about gene expression, DNA methylation, and
clinicopathological characteristics. First, we established
the criteria for a sample to represent a case in our study as
the first sample of the primary tumor. Normal tissue, later
samples of the primary tumor, or recurrent tumors were
not included (Figure I). Patients were involved in this study
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regardless of treatment strategy. Then, we extracted raw
data from gene expression and DNA methylation.
Regarding gene expression data, we applied the following
layers of filter: (I) data category of transcriptome profiling;
(II) data type of gene expression quantification; and (III)
workflow type of STAR—counts. A total of 60,660 read
counts within 553 samples comprise the expression matrix.
After applying the sample criteria, 501 samples of primary
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tumors, each of which corresponds to an LSCC case, were
included in our analyses.

Regarding DNA methylation data, we used (I) data
type of methylation beta value; (II) workflow type of
SeSAMe methylation beta estimation; and (III) illumina
human methylation 450. A report of methylation status in
450,000 CpG sites within 412 samples was collected. Using
the mentioned sample criteria, 369 samples with available
DNA methylation information remained.

Finally, we retrieved the clinicopathological parameters,
such as age, gender, race, TNM stages, the American Joint
Committee on Cancer (AJCC) stages, chemotherapy,
radiation therapy, overall survival (OS) time, OS status,
disease-free survival (DFS) time, and DFS status. OS time
is calculated as the time interval in months from LSCC
diagnosis to death, regardless of LSCC or other causes.
DES is the time-period in months between LSCC diagnosis
and clinical relapse. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013).

DNA methylation analysis

We employed the ChAMP package (16) to perform
differential methylation position (DMP) analysis. The
primary purpose of this analysis section was to examine the
methylation status of CpG sites within the SLC22A43 gene,
including the gene promoter and body. Therefore, other
methylation regions were not accounted for in the present
study.

Differentially expressed gene analysis (DEGA) and
pathway analysis

In the DEGA pipeline, we initially employed three panels,
including nCounter Human PanCancer Pathways (CHPP),
nCounter Human PanCancer Immune Profile (CHIP),
and nCounter Human PanCancer Progression (CHPPr).
Such panels consist of 770, 772, and 770 genes of interest,
among which there are 40, 40, and 30 internal reference
genes, respectively. These reference genes were discarded
before further analyses. Cancer-related genes involved in
13 classic cancer pathways comprise the CHPP panel, while
CHIP includes genes from different immune cell types,
common checkpoint inhibitors, CT antigens, and adaptive
and innate immune responses. Conversely, the CHPPr
panel consists of genes related to angiogenesis, extracellular
matrix remodeling, and epithelial-to-mesenchymal
transition (EMT). CHPP, CHIP, and CHPPr theoretically
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provide insights about cancer pathways, tumor immunity,
and progression landscapes of LSCC. We employed the
DESeq2 pipeline (17) to perform DEGA and explore the
differential expressed genes in the three panels separately.

For the pathway analysis, we used gene set variation
analysis (GSVA) (18) to investigate the enrichment score
(ES) of all the pathways included in The Molecular
Signatures Database (MSigDB) Hallmark Gene Set
Collection (19). ES of a pathway indicates its activity within
each sample. GSVA is a variant of single-sample gene
set enrichment analysis (GSEA) (20). We aimed to focus
on (I) different biological processes, including signaling,
proliferation, pathway, metabolic, immune, DNA damage,
development, cellular components, and others (21) and
(II) cell type-specific signals (22), which describe the
tumor microenvironment (TME). The pathways of the
aforementioned biological processes originate from the
Hallmark gene set, while the cell-type specific signals
are markers from the previous study, which includes 24
different cell types (22).

Validation analyses

We downloaded GSE74777, GSE37745, GSE162520,
and GSE161537 from Gene Expression Omnibus (GEO)
database and extracted gene expression and clinical data of
LSCC cases (n=107, 66, 45, and 17, respectively) to validate
the prognosis and immunogenicity significance of SLC22A43
on LSCC.

We conducted Kaplan-Meier OS analyses on GSE74777
and GSE37745 separately and on the combined cohort
of these datasets, which were generated using the value-
binning technique. Value-binning is a commonly used
technique in data analysis that discretizes data into a
predefined number (B) of bins, thereby facilitating cross-
platform data management (23). We applied a simple value-
binning method to categorize SLC22A3 gene expression
values into B bins, discretizing expression values from 1 to B.
We selected B =107 (corresponding to the sample number
of the larger dataset) because each value can be assigned to
a gene expression value in both datasets. This process can
be deemed non-parametric scaling. Our goal was to remove
the “magnitude” effect, which is easily confounded by cross-
platform differences, and normalize the expression value,
which creates the same range of value in both datasets for
further non-parametric analyses. This technique was also
performed by another study (24). We used the maximally
selected rank statistics (MSRS) technique to determine the
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survival cutpoint of the SLC2243 expression in validation
data, which is also a non-parametric analysis, to find the
most significant prognostic cut-off in each dataset. The
cut-off bins of GSE37745 and GSE74777 were 40 and
95, respectively. This result indicated the differences in
clinicopathological characteristics of the two examined
cohorts. Therefore, we used the corresponding cut-off of
each dataset to divide the sample into SLC2243-high and
SLC22A3-low samples.

We validated the immunogenicity impact of SLC2243
on LSCC by utilizing the Hot Oral Tumor (HOT) score
described below. Because the unit of read count was
inconsistent between TCGA and validation data, it is
impossible to utilize the cut-off of FPKM (fragments per
kilobase of exon per million mapped fragments) >5 to
determine high expression in the validation data. Therefore,
we used the MSRS technique to determine the survival
cutpoint of the SLC2243 expression in validation data. Based
on the HOT score, samples in the TCGA-LUSC cohort
were defined as “hot” or “cold” tumors. SLC2243 gene
expression was compared between the “hot” and “cold” tumor
groups in TCGA-LUSC as well as in validation datasets:
GSE162520 and GSE161537 [these two datasets were
used in the original study on developing HOT score (25)].
Additionally, we conducted OS Kaplan-Meier analyses
of SLC22A43-low and SLC22A3-high LSCC samples in
the GSE162520 dataset. We excluded GSE161537 in this
survival analysis since the patients of this cohort were treated
with immunotherapy, which may confound the result.

HOT score

The HOT score was calculated by using GSVA of the 27-
gene list in the original study (25), including CCL19, CCR2,
CCR4, CCRS, CD27, CD40LG, CD8A, CXCL10, CXCLI1,
CXCL13, CXCL9, CXCR3, CXCR6, FASLG, FGL2,
GZMA, GZMH, IDO1, IFNG, IRFS8, LAG3, LYZ, MS4A1,
PDCDI1, TBX21, TLR7, and TLRS. L.SCC tumors with 1<
ES <0 or 0< ES <1 were classified as “cold” or “hot” tumors,
respectively. The calculation procedure was performed as in
the previous study (25).

Statistical analysis

FPKM, a type of normalized read count, was used as the
gene expression unit in this study. By applying a cut-off of 5
FPKM, we divided the LSCC patients into two subgroups
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based on their SLC22A43 expression levels: individuals
with high expression (SLC22A43-high) and those with
low expression (SLC22A43-low). To assess the prognosis
effect of SLC22A43, we employed both non-parametric and
parametric analyses, including univariate and multivariate
Cox analyses of OS and the Kaplan-Meier curves of OS
and DFS rates. The Kaplan-Meier curves compared the
OS and DFS rates among patient subgroups categorized by
SLC22A3 expression, chemotherapy, and radiation therapy.
The Bioconductor packages, including DESeq2, GSVA,
and ChAMP, were employed for bioinformatic analyses
using R software version 4.2.2 (The R Foundation, Vienna,
Austria). Hypothesis tests were considered significant
when P<0.05 or adjusted P (if available) <0.05. Samples/
patients with related missing values were excluded from the
corresponding analysis section.

Results

A total of 17.8% LSCCs possess bigh expression (FPKM
>5) of the SLC22A43 gene

We first investigated the distribution of SLC2243 read
counts in the first non-treated samples of primary LSCC
using data retrieved from the TCGA-LUSC project (n=501),
exclusively consisting of LSCC patients (Figure 24). The
mean, median, and standard deviation of the SLC22A43
expression were 3.3, 1.4, and 6.2, respectively. Choosing the
FPKM cut-off to regard low and high gene expression is
controversial, depending on the analysis context. Given the
range and variation in SLC22A3 expression, we arbitrarily
set FPKM >5 as a high expression. Using this cut-off, we
found 17.8% of SLC22A43-high LSCCs. For comparison,
the read count distribution of SLC22A1 and SLC22A2,
which encode other members of the OCT family (OCT1
and OCT?2, respectively) in the first samples of primary
LSCC, was also examined (Figure SI). We found almost no
expression of SLC22A1 and SLC22A42 genes in the entire
studied cohort.

We then asked which mechanism was involved in the
differential expressions of the SLC2243 gene in LSCC.
DMP analysis indicated the hypomethylation of the SLC22A43
gene promoter and hypermethylation of the SLC22A43 gene
body in SLC22A43-high tumors (Figure 2B). These results
implied that the level of SLC22A3 gene expression in LSCC
tumors was perhaps partially attributable to the DNA
methylation mechanism.
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Methylation status of CpG sites of SLC22A3 gene in SLC22A3-high LSCCs
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Figure 2 Expression and DNA methylation status of SLC2243 in LSCC. (A) Distribution of SLC22A43 gene read counts in LSCC cohort; (B)
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Clinicopathological analysis showed worse prognoses in
SLC22A43-bigh patients of TCGA-LUSC cobort

Table 1 illustrates the difference in clinical characteristics
(age, gender, race, stage, treatment) of SLC2243-low and
SLC22A3-high LSCC. Only two different variables, T
stage (P=0.004) and chemotherapy (P=0.01), were different
between SLC22A43-low and SLC22A43-high LSCC. The
SLC22A3-high tumor showed a higher distribution of T'1
(33.7% vs. 20.4%), T3 (18.0% vs. 13.3%), and T4 (6.7%
vs. 4.1%) stages while the T2 stage is more dominant in
SLC22A3-low compared to SLC22A43-high LSCCs (62.1%
vs. 41.6%). SLC22A3-high patients (15.7%) received
chemotherapy less frequently than SLC2243-low patients
(31.8%).

In survival analysis, we performed both non-parametric
and parametric analyses. In the non-parametric method,
the Kaplan-Meier curves compared the OS and DFS
patterns (Figure 3) of patients stratified by SLC22A43
expression, chemotherapy, and radiation therapy. OS curves
showed that high expression of SLC22A43 was associated
with worse prognoses regardless of chemotherapy and
radiation (P<0.05) (Figure 34-3E). DES curves also revealed
a substantial difference between SLC22A43-high and
SLC22A3-low individuals, particularly in groups treated
solely with radiation (P<0.001) (Figure 3F-37). Staging-
stratified Kaplan-Meier curves based on the AJCC staging
system showed that SLC22A43-high was associated with
worse outcomes in stage II and IV patients (Figure 3K-3N).

In the parametric method, we performed univariate
and multivariate Cox analyses of OS to determine the
prognostic effects of SLC22A43 expression (Tuble 2).
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Univariate Cox analysis suggested that SLC22A43-high, T3
and T4 of T stage, distant metastatic status, AJCC stage III
and IV, and radiation therapy status all had a detrimental
impact on LSCC patients’ outcomes (P<0.05). Only
significant variables in univariate analysis were included
in the subsequent multivariate section. Overall, SLC2243
expression was a prognostic factor in both univariate [hazard
ratio (HR) =1.82; 95% confidence interval (95% CI):
1.32-2.52; P<0.001] and multdvariate (HR =2.47; 95% CI:
1.65-3.71; P<0.001) evaluations. Additionally, the 5-year
OS rates of patients with SLC22A43-low and SLC22A43-high
LSCC were 51.5% (95% CI: 45.4-58.4%) and 22.9% (95%
CI: 13.0-40.6%), respectively. The 5-year DFS rates of
SLC22A43-low and SLC22A43-high LSCC were 52.6% (95%
CI: 45.3-61.0%) and 35.2% (95% CI: 18.4-67.2%). These
results demonstrated that SLC2243-high LSCC had poor
prognoses compared to SLC2243-low LSCC.

Dimension reduction analyses showed SLC22A3 expression
patterns were associated with tumor pathway, immune,
and progression landscapes

We performed t-distributed stochastic neighbor embedding
(t-SNE) dimension reduction on CHPP, CHIP, and
CHPPr gene matrices to explore the distribution of
SLC22A3 expression as both continuous (FPKM) and
binary (low/high) variables. In the CHPP panel, we found
that SLC22A43-high LSCC tended to locate in a locus
belonging to the lower left quarter of the graph rather
than being evenly distributed (Figure 44). Our subjective
observation was proven by the correlation analysis between
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Table 1 Clinicopathological comparisons of patients with
SLC22A3-low and SLC22A43-high LSCC tumors

SLC22A3-low SLC22A3-high

Variables (n=412) (n=89) P value
Age (years), median [range] 69 [39-90] 67 [40-85]  0.459
Gender, n (%) 0.521
Women 104 (25.2) 26 (29.2)
Men 308 (74.8) 63 (70.9)
Race, n (%) 0.073
Asian 5(1.2) 4 (4.5)
Black 25 (6.1) 5 (5.6)
White 283 (68.7) 14 (15.7)
Not reported 99 (24.0) 66 (74.2)
T stage, n (%) 0.004
T1 84 (20.4) 30 (33.7)
T2 256 (62.1) 37 (41.6)
T3 55 (13.3) 16 (18.0)
T4 17 (4.1) 6 (6.7)
N stage, n (%) 0.072
NO 257 (62.4) 62 (69.7)
N1 116 (28.2) 15(16.9)
N2 32(7.9) 8(9.0)
N3 4(1.0) 1(1.1)
NX 3(0.7) 3(3.4)
M stage, n (%) 0.668
MO 341 (82.8) 70 (78.7)
M1 5(1.2) 2(2.2)
MX 63 (15.3) 16 (18.0)
Not reported 3(0.7) 1(1.1)
AJCC stage, n (%) 0.498
| 197 (47.8) 47 (52.8)
Il 140 (34.0) 22 (24.7)
n 67 (16.3) 17 (19.1)
\% 5(1.2) 2(2.2)
Not reported 3(0.7) 1(1.1)
Chemotherapy, n (%) 0.01
No 233 (56.6) 61 (68.5)
Yes 131 (31.8) 14 (15.7)
Not reported 48 (11.7) 14 (15.7)

Table 1 (continued)

© Translational Lung Cancer Research. All rights reserved.
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Table 1 (continued)

SLC22A3-low SLC22A3-high

Variables (n=412) (n=89) P value
Radiation therapy, n (%) 0.811
No 303 (73.5) 64 (71.9)
Yes 59 (14.3) 12 (13.5)
Not reported 50 (12.1) 13 (14.6)

Overall survival (years),
median [range]

1.9[0.0-13.1] 1.5[0.0-14.5] 0.459

LSCC, lung squamous cell carcinoma; AJCC, The American
Joint Committee on Cancer.

each t-SNE dimension and SLC2243 expression (P<0.001,
Figure 4B, and P=0.003, Figure 4C). The same logic is
applied to interpreting the results in the CHIP (Figure 4D-
4F) and CHPPr (Figure 4G-41) panels. These results can be
interpreted as a possible link between SLC2243 expression
patterns in LSCC and cancer pathways, cancer-immune
interaction, and cancer progression.

Pathway analyses showed vastly different oncogenic and
TME signals in SLC22A3-bigh LSCCs

We compared the ES between SLC2243-low and SLC22A43-
high LSCCs in the pathway analysis using Hallmark gene
sets (Figure 5A) and TME-related analyses (Figure 5B).
Figure 5C shows the skewed distribution of SLC2243-high
samples in TME space.

Hallmark gene sets were categorized into eight groups:
signaling, proliferation, pathway, metabolic, immune, DNA
damage, development, and cellular components, which
were used in a previous study (21). SLC22A43-high LSCC
were characterized by high activity in immune-related
pathways such as inflammatory response, IL6-JAK-STAT3,
complement, allograft rejection, coagulation, IFN-a, and
IFN-y response (adjusted P<0.001). Other pathways also
exhibited high activity in SLC2243-high LSCC were KRAS
signaling (up), IL2/STATS, TNFa via NF-xB, EMT,
angiogenesis, and TGF-p signaling (adjusted P<0.001). On
the other hand, the pathways related to proliferation, such
as c-MYC targets, G2ZM checkpoint, and E2F targets, were
downregulated in SLC2243-high LSCC (adjusted P<0.001).

In TME-related analyses, SLC22A43-high LSCC showed
enriched for almost all adaptive immune cells, including
B-cells, T-cells, and T-cell subpopulations [T helper 1
(Thl), T gamma delta (Tgd), CD8" T, T central memory
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Figure 3 The OS Kaplan-Meier analyses of SLC2243-low and SLC22A43-high LSCC samples in the entire cohort (A), chemotherapy and
radiation (B), chemotherapy-only (C) radiation-only (D), and neither chemotherapy nor radiation (E) subgroups. The DFS Kaplan-Meier
analyses of SLC22A3-low and SLC22A43-high LSCC samples in the entire cohort (F), chemotherapy and radiation (G), chemotherapy-only
(H), radiation-only (I), and neither chemotherapy nor radiation (J) subgroups. Staging-stratified Kaplan-Meier curves of SLC2243-low and
SLC22A3-high LSCC samples based on AJCC staging system including stage I, II, III, and IV (K, L, M, and N, respectively). OS, overall

survival; LSCC, lung squamous cell carcinoma; DFS, disease-free survival; AJCC, American Joint Committee on Cancer.

(Tem), T effector memory (Tem), and T follicular helper
(Tth), regulatory T (Treg) cells], except T helper 2 (Th2)
cells. Innate immune cells such as C56-dim natural killer
(NK), dendritic cells (DC), macrophages, mast cells,
eosinophils, and neutrophils were abundant in SLC2243-
high LSCC. These findings indicated that SLC22A43-high
LSCC is associated with high activity of immune-related
pathways and an intense inflammatory microenvironment

compared to SLC22A3-low LSCC.

© Translational Lung Cancer Research. All rights reserved.

DEAs illustrated many significant DEGs between
SLC22A3-low and SLC22A3-bigh tumors

In CHPP, CHIP, and CHPPr, there were numerous
differentially expressed genes between SLC22A43-high
and SLC22A43-low LSCC. Notably, many genes encoding
immune checkpoint molecules were upregulated in the
SLC22A3-high LSCC. In particular, in CHIP, SLC2243-
high LSCC expressed higher levels of many immune
inhibitory receptors genes, namely: PDCDI, CTLA-4,
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Table 2 Univariate and multivariate Cox analyses of LSCC patients

Nguyen et al. SLC22A3 is linked to LSCC prognosis

Univariate Multivariate
Variables
HR 95% ClI P value HR 95% ClI P value

SLC22A3 expression

Low 1 1

High 1.82 1.32-2.52 <0.001 2.47 1.65-3.71 <0.001
Age (years) 1.02 1.00-1.03 0.046 1.03 1.01-1.06 0.003
Gender

Women 1

Men 1.2 0.87-1.65 0.264
Race

Asian 1

Black 0.87 0.30-2.59 0.808

White 0.568 0.21-1.54 0.12

Not reported 0.44 0.16-1.24 0.266
T stage

T1 1 1

T2 1.24 0.87-1.75 0.232 117 0.76-1.79 0.476

T3 1.8 1.15-2.82 0.01 1.32 0.70-2.49 0.389

T4 2.31 1.24-4.31 0.008 1.23 0.47-3.22 0.672
LNM

No 1

Yes 1.14 0.86-1.51 0.358
Distant metastasis

No 1 1

Yes 3.07 1.26-7.51 0.014 4.04 1.53-10.70 0.005
AJCC stage

| 1 1

Il 1.12 0.82-1.55 0.471 1.4 0.94-2.10 0.1

1 1.54 1.08-2.20 0.017 1.1 0.62-1.98 0.737

\% 3.27 1.32-8.06 0.01 N/A N/A N/A
Chemotherapy

No 1

Yes 0.846 0.61-1.17 0.309
Radiation therapy

No 1 1

Yes 1.5 1.03-2.10 0.032 0.37 0.23-1.65 0.1

LSCC, lung squamous cell carcinoma; HR, hazard ratio; 95% Cl, 95% confidence interval; LNM, lymph node metastasis; N/A, not

applicable.
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Figure 4 Association between SLC22A3 expression patterns in LSCC and cancer pathways, cancer-immune interaction, and cancer
progression. (A) The t-SNE dimension reduction plot of the PanCancer Pathway panels. Each dot represents an LSCC sample color-coded
by SLC22A43 expression status. The scatter plots (B,C) investigate the linear relationship between each dimension of the t-SNE plot and the
continuous normalized read counts of the SLC22A43 gene. Spearman’s correlation analyses were used in these plots. Similar interpretations
are used in PanCancer Immune Profile (D-F) and PanCancer Progression (G-I) panels. LSCC, lung squamous cell carcinoma; t-SNE,

t-distributed stochastic neighbor embedding.

TIGIT, HAVCR2, and BTLA, which encode programmed related to the poor prognosis. The full results of DESeq2
cell death protein 1 (PD-1), cytotoxic T-lymphocyte- analyses are detailed in tables available at https://cdn.
associated protein 4 (CTLA-4), T-cell immunoreceptor amegroups.cn/static/public/tler-23-334-1.xlsx.

with Ig and immunoreceptor tyrosine-based inhibitory motif
(ITIM) domains (TIGIT), T-cell immunoglobulin and
mucin domain-containing protein 3 (TIM-3), and B and
T lymphocyte attenuator (BTLA), respectively (Table 3).
The up-regulation of many genes encoding checkpoint When validating the prognostic significance of SLC2243
inhibitory molecules in the SLC2243-high LSCC might be in LSCC patients from GSE37745 and GSE74777

Validation on prognostic and immunogenic effects of
SLC22A3 gene expression in LSCC
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Figure 5 Pathway analysis of biological processes and cell type-specific signals in SLC2243-low and -high LSCC. (A) The heatmap shows
the difference in pathway activity between SLC2243-low and SLC22A43-high LSCC samples regarding distinct categories of pathways.
These pathways were obtained from the “H” collection in the MSigDB. (B) The heatmap shows the difference in cell type-specific signals
between SLC22A3-low and SLC22A3-high LSCC samples. (C) The t-SNE dimension reduction plot of the TME “space” made of the ES of
all the 24-cell type-specific signals shows the different distributions of SLC22A43-low and SLC22A43-high LSCC samples, indicating there is
a relationship between TME and SLC22A43 expression status. TCGA-LUSC, The Cancer Genome Atlas - Lung Squamous Cell Carcinoma;
LSCC, lung squamous cell carcinoma; MSigDB, Molecular Signatures Database; ES, enrichment score; t-SNE, t-distributed stochastic

neighbor embedding; TME, tumor microenvironment.

Table 3 Differentially expressed gene analysis of immune cohorts separately, we observed a tendency towards
checkpoint molecule genes poorer prognoses in SL.C22A43-high patients compared to
Gene name LFC Adjusted P value SLC22A3-low patients, albeit without statistical significance
TNFRSF14 0.505 <0.001 (P=0.078 and 0.07, respectively) (Figure S2A,S2B). These
PDCD1 0.751 <0.001 results may be influenced by the relatively limited sample
HAVCR2 0.544 <0.001 sizes within these cohorts. Therefore, we employed the
TIGIT 0.678 <0.001 value-binning technique to merge these two datasets (please
cDs6 0.463 <0.001 refer to the Methods for more details). The combined

cohort’s Kaplan-Meier OS curves showed that SLC2243-
CTLA4 0.701 <0.001 p
CD80 0.565 <0.01 h1gh expression was linked to poorer prognoses (P<0.001)
BTLA 0.813 0.01 (Figure 64).

. <U.
Our study also found that SLC22A43-high tumors

CD160 -0.192 >0.05 .. Sy

were positively correlated with immune-related pathways
taas 0.271 >0.05 and an abundance of infiltrating immune cells in the
Cb274 0.068 >0.05 TME. To validate this finding, we utilized the HOT
LFC, log, fold change. score (25), an interesting metric developed by Foy et al.
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Figure 6 Validating prognostic and immunogenic significance of SLC22A43 gene expression in LSCC (A). The OS Kaplan-Meier analyses
of SLC22A3-high and SLC22A43-low LSCC samples in the GSE37745 and GSE74777 combined cohort. (B) SLC22A43 expression in “cold”
and “hot” tumors of TCGA-LUSC cohort. (C) SLC22A3 expression in “cold” and “hot” tumors of GSE162520 and GSE161537 combined
dataset. TCGA-LUSC, The Cancer Genome Atlas - Lung Squamous Cell Carcinoma; LSCC, lung squamous cell carcinoma; OS, overall

survival.

specifically designed to identify tumors with high
immunological activity, suggesting potential benefits from
immunotherapies. We found that SLC22A43 expression was
consistently higher in “hot” tumors compared to “cold”
tumors in both TCGA and validation datasets (Figure
6B,6C). Despite not being statistically significant (P=0.22),
the results of OS Kaplan-Meier analyses indicated a trend
towards poorer prognosis in SLC22A43-high patients
compared to SLC2243-low patients in GSE162520 dataset
(Figure S2C).

Discussion

Our present study found that SLC22A43 expression
negatively correlated with OS and DFS rates in LSCC
patients. Dimension reduction analysis revealed the link
between SLC22A3 expression and cancer pathway, immune
landscape, and cancer progression. Pathway analysis
showed that, compared to SLC22A43-low, SLC22A43-high
LSCC had higher activity in immune-related pathways
such as inflammatory response and IL6-JAK-STAT?3 and
possessed a bustling TME, with numerous innate/adaptive
immune cells infiltrating. There were a lot of differentially
expressed genes between SLC22A43-high and SLC22A3-
low LSCC. Notably, many genes encoding immune
checkpoint inhibitory molecules were upregulated in the
SLC22A3-high group. Furthermore, the “hot” LSCC
tumor phenotype, as classification based on the HOT score,
expressed a higher SLC22A43 level. These findings indicated

© Translational Lung Cancer Research. All rights reserved.

that SLC22A43-high LSCC is associated with poor prognosis
and positively correlated with immune-related pathways
such as inflammatory response and abundance of infiltrating
immune cells in the TME.

SLC22A43-high LSCC was associated with worse
outcomes in LSCC patients (Figure 3). This found result is
consistent with earlier studies linking SLC22A43 expression
to unfavorable outcomes in cervical and colorectal cancer.
Notably, multivariate Cox analysis solidified SLC2243-
high as an independent prognostic factor. In addition,
DEFS curves suggested that SLC2243-high tumors were
particularly resistant to radiotherapy (P<0.001, Figure
31). Thus, there is a need for more studies to determine
the importance of SLC22A3 in the pathophysiology and
treatment responses of LSCC.

Hallmark gene sets (Figure 5A) and TME-related
analyses (Figure 5B) showed that, in comparison to
SLC2243-low LSCC, SLC22A43-high LSCC is associated
with increased activity of immune-related pathways,
such as inflammatory response and IL6-JAK-STAT?3,
and infiltration of almost all innate and adaptive immune
cells. These findings suggested that SLC2243-high LSCC
undergoes inflammatory signals from the microenvironment
where numerous immune cells are infiltrated. The link
between inflammation and cancer has become widely
accepted and identified as one of cancer’s ten hallmarks (26).
Chronic inflammation is either the underlying mechanism
of carcinogenesis or the consequence of genetic alterations
in tumor cells (27). In addition, inflammation and lung
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cancer have been reported to be closely related (28).
Inflammation promotes tumor initiation and progression by
providing an array of growth and survival factors for tumor
cells as well as mediators inducing angiogenesis and the
EMT process (27). Of note, angiogenesis and EMT-related
pathways activity were also upregulated in SLC22A43-high
LSCC, which may contribute to the aggressive behavior
of these tumors. Interestingly, Li ez 4/. have demonstrated
that knocking down SLC2243 suppressed LPS-induced
inflammation in THP-1 cells (29). Further research is
needed to fully uncover the role of SLC22A3 in controlling
inflammatory responses, particularly in the tumor context.

On the other hand, the TME-related analyses (Figure
5B) suggested that SLC22A43-high LSCC is likely
“hotter” (which means tumors with abundant immune
cell infiltration) than SLC22A3-low LSCC, which
was further evaluated using the HOT score—a metric
that was specifically designed to identify tumors with
high immunological activity. This finding may be a bit
surprising since hot tumors are generally assumed to have
better outcomes, but our results showed that SLC22A43-
high LSCC patients had lower OS and DEFS rates than
SLC22A43-low LSCC patients. This contradiction, perhaps,
is brought about by the intricate interaction between
tumor cells, infiltrating immune cell networks, and soluble
components in the TME. T-cell subpopulations, including
CD8" T-cells, Thl, Tem, Tem, Tgd, and Tth, as well as
other tumor-infiltrating lymphocytes such as NK cells,
B-cells, and DCs, are commonly known to have tumor-
protective properties (30-36). However, the presence of
these beneficial cells does not guarantee efficient tumor
eradication. A broad spectrum of immunosuppressive
mechanisms presenting in the TME can impede immune
cell function (34,37). These mechanisms, in the context
of our study, consist of (I) high expression of multiple
immune checkpoint inhibitory molecules; (II) persistence
of immunosuppressive cell types such as Tregs; and (III)
high activity of the immunosuppressive cytokine TGF-f
signaling pathway, which possibly confer SLC2243-high
tumors with immune evasion ability.

Our study is among the first studies investigating the
clinicopathological implications of SLC22A43 in LSCC.
However, there were several limitations. First, our study
has not been validated by in-house experiments. Further in
vitro and in vivo studies are needed to examine the causal
relationships between biological processes and confirm
our observations. Second, the inherent bias of the TCGA
database cannot be avoided, including selection bias. For
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example, most patients are of Caucasian race. Therefore,
it is important to extend the population characteristics to
other races. Lastly, our study findings are based on gene
expression. It is of value to examine the protein expression
of SLC22A3. Studies using Western-blot experiments
and immunohistochemistry of SLC22A3 are needed to
confirm its value at the protein level and how this protein
contributes to the clinical landscape of SLC22A43-high
LSCC.

Conclusions

This study found that SLC22A43-high LSCC had worse
prognoses than SLC22A43-low LSCC. Moreover, SLC22A43-
high LSCC was closely associated with high activity in
immune-related pathways and a bustling TME infiltrated by
immune cells. These findings suggest that high expression
of SLC22A3 that encodes OCT3 in LSCC is associated
with poor prognosis and immunogenicity of the tumor.
Understanding the functional implications of SLC22A3 in
LSCC and how it interacts with the immune system may
help improve LSCC patient stratification for optimizing
immune checkpoint inhibitor therapy treatment, thereby
potentially improving outcomes for LSCC patients.
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