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Solute Carrier Family 38 Member 1 (SLC38A1) is a principal transporter of glutamine and plays a crucial role in the trans-
formation of neoplastic cells. However, the correlation between SLC38A1 expression, prognosis, and immune infiltration in
hepatocellular carcinoma (HCC) has yet to be elucidated. We used two independent patient cohorts, namely, a Cancer Genome
Atlas (TCGA) cohort and a Clinical Proteomic Tumor Analysis Consortium (CPTAC) cohort, to analyze the role of SLC38A1 in
HCC at the mRNA and protein levels, respectively. In these two cohorts, SLC38A1 mRNA and protein expression levels were
higher in HCC tissues than in adjacent nontumor tissues. Both SLC38A1 mRNA and protein expression were positively associated
with clinicopathological characteristics (clinical stage, T stage, pathological grade, tumor size, and tumor thrombus), were
negatively associated with survival, and were independent prognostic factors in HCC patients. Functional enrichment analyses
further indicated that SLC38A1 was involved in multiple pathways related to amino acid metabolism, tumors, and immunity.
High expression levels of SLC38A1 were inversely proportional to CD8+ T cells and directly proportional to macrophages MO0,
neutrophils, programmed cell death-1/programmed cell death ligand 1 (PD-1/PD-L1), and cytotoxic T lymphocyte-associated
protein 4 (CTLA-4). Moreover, we used immunohistochemical analysis of tissue samples and other online databases to further
validate the expression levels and prognostic significance of SLC38A1 in HCC. Collectively, our study demonstrated that the
upregulated expression of SLC38A1 was related to an unfavorable prognosis and defective immune infiltration in HCC.

1. Introduction

Hepatocellular carcinoma (HCC) is the most common
primary tumor of the liver and the fourth leading cause of
global cancer-related deaths [1]. A previous study that was
based on the Surveillance, Epidemiology, and End Results
Program (SEER) registry project indicated that the incidence
of HCC will continue to rise in the future and is expected to
peak in the year 2030 [2]. While treatment strategies for liver
cancer have expanded with the emergence of new therapies,
the prognoses of patients in advanced stages of HCC are still

relatively unsatisfactory [3]. Therefore, it is of great signif-
icance to identify an effective biomarker that could predict
prognosis and could be used as a therapeutic target for HCC
patients [4].

The Solute Carrier Family 38 (SLC38) is the principal
transporter for glutamine and plays a major role in main-
taining homeostasis in the body [5]. Glutamine has a large
number of vital functions in mammalian cells; consequently,
the dysregulation of the SLC38 transporter may result in
tumorigenesis and the progression of cancers [6]. The SLC38
transporter has been described as having the functional
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nature and regulatory mode of system A and system N
transport activities [7]. As the first member of system A,
SLC38A1 is predominantly expressed in the placenta and the
brain [8]. Like other family members, the main function of
SLC38A1 is to regulate the transport of short chain neutral
amino acids, including glutamine. Although the upregula-
tion of SLC38A1 expression has been demonstrated in a
variety of tumors [9-12], the prognostic significance of
SLC38A1 expression has not been reported in HCC. Fur-
thermore, immunotherapy has been considered as a
promising treatment for cancers, including HCC. It is also
possible that tumor-infiltrating lymphocytes may influence
the efficacy of immunotherapy. However, the correlation
between SLC38A1 expression and immune infiltration in
HCC has yet to be determined.

In the present study, we used various public databases to
comprehensively analyze the expression of SLC38A1 and
evaluate its prognostic significance at the mRNA and protein
levels. We further validated the differential expression levels
of SLC38A1 between HCC and adjacent nontumor tissue by
performing immunohistochemistry (IHC) on our tissue
samples. We also performed multiple enrichment analysis to
explore the potential molecular mechanisms that might be
mediated by SLC38A1 in HCC. In addition, we investigated
the correlations between SLC38A1 expression and tumor-
infiltrating immune cells (TIICs) or immune checkpoints.
These analyses demonstrated that SLC38A1 was expressed at
higher levels in HCC and associated with an unfavorable
prognosis and defective immune infiltration.

2. Materials and Methods

2.1. mRNA Expression and Clinical Data from the TCGA
Database. We used The Cancer Genome Atlas (TCGA)
database to investigate the mRNA expression patterns of
SLC38A1 in HCC. We downloaded transcriptome and
corresponding clinical data for HCC patients from the
Genomic Data Commons Data Portal (https://portal.gdc.
cancer.gov/). The TCGA RNAseq data consisted of 424
samples, with 374 samples of HCC tissues and 50 samples of
adjacent hepatic tissues. We selected HCC samples with a
complete set of clinical information for the subsequent
analysis of clinical significance. The clinicopathological
characteristics included age, sex, pathological grade, clinical
stage, tumor stage (T), lymphatic metastasis (N), distant
metastasis (M), survival time, and survival status.

2.2. Protein Expression and Clinical Data from the CPTAC
Database. We used the Clinical Proteomic Tumor Analysis
Consortium (CPTAC) database to explore the protein ex-
pression profiles of SLC38A1 in HCC. The CPTAC database
is a centralized data repository of proteomics data sets and
clinical data for a variety of cancers (https://proteomics.
cancer.gov/data-portal). We downloaded and extracted
protein expression data relating to SLC38A1 and corre-
sponding clinical data from the CPTAC-HCC proteome,
including 159 samples of tumor tissue and adjacent hepatic
tissue. The unshared log-ratio value was defined as the
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protein expression value. The clinicopathological charac-
teristics included age, sex, tumor differentiation, medical
history of liver cirrhosis, tumor size, tumor thrombus, tumor
encapsulation, and survival time.

2.3. The Analysis of Other Online Databases. The Oncomine
database combines 715 datasets and 86733 samples into one
comprehensive database that aims to help researchers design
better experiments and obtain more robust results (https://
www.oncomine.org/) [13]. We performed meta-analysis of
SLC38A1 RNA expression using the Oncomine database
with a threshold of p <0.01 and a fold change (FC) > 1.5. The
Hepatocellular Carcinoma Expression Atlas Database
(HCCDB) is an online resource for comprehensively an-
notating liver cancer gene expression and includes 15 public
HCC expression datasets from 4000 samples (http://lifeome.
net/database/hccdb/home.html) [14]. We used this database
to further confirm whether the mRNA expression of
SLC38A1 in HCC tissues was higher than that in nontumor
tissues. The Kaplan-Meier plotter database offers a conve-
nient way to assess the impact of multiple genes on survival
in patients with 21 different cancer types (http://kmplot.
com/analysis/) [15]. In the present study, we used this da-
tabase to validate the correlation of SLC38A1 expression
with the prognosis of HCC patients.

2.4. Immunohistochemistry. We retrospectively collected 30
pairs of paraffin-embedded HCC tissues and adjacent non-
tumor tissue samples from surgeries taking place between May
2019 and December 2020 at the Third Hospital of Hebei
Medical University. This study was approved by the Ethics
Committee of the Third Hospital of Hebei Medical University
and carried out in accordance with the principles of the
Declaration of Helsinki. The need for informed consent was
waived by the Ethics Committee of the Third Hospital of Hebei
Medical University given the retrospective nature of the study.

The paraffin-embedded tissue samples were sectioned,
deparaffinized, hydrated, and boiled in a pressure cooker for
antigen retrieval. The sections were then incubated with 3%
hydrogen peroxide to inactivate endogenous peroxidase
activity. Next, the samples were blocked in 10% goat serum
and incubated overnight with a rabbit anti-human primary
SLC38A1 antibody (Proteintech, China) at 4°C. Next, the
sections were incubated with goat anti-rabbit horseradish
peroxidase (HRP) conjugated secondary antibody (ZSGB-
Bio, China) at 37°C. Finally, the sections were incubated with
3,3'-diaminobenzidine (DAB) and stained with hematoxy-
lin. Two experienced pathologists independently assessed
the samples. Each tissue sample was scored according to the
intensity of staining and the proportion (%) of tumor cells
that were stained. The scores ranged from 0 to 3; a score of
0-1 was considered as a negative stain while a score of 2-3
was considered as a positive stain.

2.5. Gene Set Enrichment Analysis (GSEA). We used GSEA
software (version 4.1.0) to explore the potential signaling
pathways by which SLC38A1 may be involved in HCC. In
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this study, we categorized samples as either high- or low-
SLC38A1 phenotypes in accordance with the median value
of SLC38A1 expression from the TCGA database. Annotated
gene sets (c2.cp.kegg.v7.3.symbols.gmt) were used as in-
ternal gene sets. The phenotypic enrichment pathways were
sorted based on the nominal p value and normalized en-
richment score (NES) [16]. Nominal p value and false
discovery rate (FDR) g-value less than 0.05 were considered
to be statistically significant.

2.6. Gene Coexpression and GO/KEGG Enrichment Analysis.
We screened the genes that were coexpressed with SLC38A1
from the CPTAC database. Those with an absolute value of
Pearson’s correlation coefficient |R| > 0.4 and a p value <
0.001 were selected as the screening threshold. Then, we
performed Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) enrichment analysis of the
coexpression genes by the R package “clusterProfiler”
(version 3.18.1) which used multiple databases, including
Disease Ontology database, Network of Cancer Gene da-
tabase, Gene Ontology database, KEGG database, and
Reactome Pathway database [17]. Before performing en-
richment analysis, gene symbol codes were converted to
Entrez ID by using human genome annotation package
“org.Hs.eg.db.” Adjusted p values that were <0.05 were
considered to be statistically significant.

2.7. Analysis of the Immune Landscape Related to the Ex-
pression Level of SLC38A1. CIBERSORT is a tool for
deconvolving the expression matrix of immune cell subtypes
based on the principle of linear support vector regression
(http://cibersort.stanford.edu/) [18]. Using CIBERSORT
analysis, it is possible to estimate the proportion of tumor-
infiltrating immune cells (TIICs). In this study, we calculated
the proportion of 22 TIICs in all HCC samples from the
TCGA dataset. Tumor samples with a p value < 0.05 were
chosen for subsequent analysis. Then, we carried out dif-
ferential and correlation analysis to evaluate the correlation
between SLC38A1 expression and TIICs or immune
checkpoints. In the differential analysis, we divided the
samples into high- and low-SLC38A1 expression groups in
line with the median level of SLC38A1 expression. For the
correlation analysis, our screening criteria were an |R| = 0
and p value < 0.05.

2.8. Statistical Analysis. Statistical analyses were performed
on the IHC data using SPSS software (version 23.0) and
McNemar’s test. All statistical analyses from the TCGA and
CPTAC datasets were performed with R software (version
4.0.3). The median level of SLC38A1 expression was con-
sidered as a cutoff value. The association of clinicopatho-
logical characteristics with SLC38Al1 expression was
analyzed by Wilcoxon’s rank sum test or the Kruskal-Wallis
rank sum test and logistic regression. The effect of SLC38A1
expression on survival was evaluated by the Kaplan-Meier
method, followed by the log-rank test. The effects of
SLC38A1 expression and other clinicopathological

characteristics on survival were compared by using uni-
variate and multivariate Cox regression. Receiver Operating
Characteristic (ROC) curves and the area under the curve
(AUC) were used to compare the predictive accuracy of
SLC38A1 expression with other clinicopathological char-
acteristics. Correlation analysis of gene expression was
evaluated by Spearman’s correlation coefficient and statis-
tical significance. A p value or FDR <0.05 was considered to
be statistically significant.

3. Results

3.1. The Expression Levels of SLC38A1 Were Upregulated in
HCC. The analytical process used in the present study is
shown in Figure 1. We first performed a meta-analysis of
SLC38A1 mRNA levels from the Oncomine database which
included four HCC studies that used the same thresholds as
described above [19-21]. Our analyses demonstrated that the
mRNA expression of SLC38A1 in the tumor group was
significantly higher than that in the nontumor group
(Figure 2(a)). Then, we analyzed the mRNA and protein
expression of SLC38A1 from the TCGA and CPTAC da-
tabases, respectively. Our results showed that both the
mRNA and protein expression of SLC38A1 was upregulated
in tumor samples when compared to adjacent nontumor
samples (Figures 2(b) and 2(c)). Furthermore, the online
HCCDB database showed consistent results based on data
from the Gene Expression Omnibus (GEO) and the Inter-
national Cancer Genome Consortium (ICGC) datasets.
Further details were given in Supplementary Table 1.
Moreover, the IHC staining results from 30 paired HCC
tissues in our hospital further confirmed the significantly
higher protein levels of SLC38A1 in tumor tissues (76.7% vs.
46.7%, p <0.05). Representative immunohistochemical im-
ages of SLC38Al1 protein expression are shown in
Figure 2(d). Collectively, these data indicated that SLC38A1
expression was upregulated in HCC.

3.2. The Upregulation of SLC38A1 Expression Predicted a
Worse Prognosis in HCC Patients. First, we evaluated the
impact of SLC38A1 expression on survival using the TCGA
dataset. We found that high expression levels of SLC38A1
were significantly associated with poor overall survival (OS),
progression-free survival (PFS), and disease-specific survival
(DSS)  (p=0.002, p=0.003, p=0.009, respectively;
Figures 3(a) and 3(c)). Then, we wused the online
Kaplan-Meier plotter database to validate the prognostic
value of SLC38A1 in HCC and obtained results that were
consistent with the TCGA database (Figures 3(d) and 3(e)).
We also used the CPTAC database to further verify the
relationship between the expression level of SLC38Al
protein and prognosis; the higher the expression level of
SLC38A1, the worse the prognosis for HCC patients
(p =0.004, Figure 3(f)).

3.3. The Expression Level of SLC38A1 Was Associated with the
Clinicopathological Characteristics of HCC Patients. As
shown in Figures 4(a) and 4(c), the upregulated mRNA
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FIGURE 1: Analytical workflow of this study. GSEA, gene set enrichment analysis; GO, gene ontology; HCC, hepatocellular carcinoma; IHC,
immunohistochemistry; KEGG, Kyoto Encyclopedia of Genes and Genomes; ROC, receiver operating characteristic.

expression of SLC38A1 was significantly correlated with the
pathological grade of tumors (p=8.124E-04), clinical stage
(p=0.001), and T'stage (p =6.295E-04), based on the TCGA
database. Figures 4(d) and 4(f) show that high protein levels
of SLC38A1 were significantly associated with tumor dif-
ferentiation (p=0.028), tumor size (p=0.026), and tumor
thrombus (p=0.003), as based on the CPTAC database.
Univariate logistic regression analysis further showed that
the upregulation of SLC38A1 expression in HCC was sig-
nificantly correlated with high pathological grade, clinical
stage, T stage, tumor differentiation, and tumor thrombus
(Tables 1 and 2). These results further revealed that the
upregulation of SLC38A1 expression was significantly as-
sociated with poor clinicopathological characteristics and
suggested that HCC patients with high levels of SLC38A1
expression are more likely to progress to advanced stages
than those with low levels of SLC38A1 expression.

3.4. SLC38A1 Represents an Independent Prognostic Predictor
for Patients with HCC. As shown in Figures 5(a) and 5(b),
the univariate cox regression analysis showed that high

levels of SLC38A1 expression were significantly associated
with a poor OS (hazard ration [HR]: 1.482, 95% confi-
dence interval [CI]:1.232-1.784, P < 0.001; HR: 2.305, 95%
CI:1.466-3.623, P<0.001, from the TCGA and CPTAC
databases, respectively). Although other clinicopatho-
logical characteristics including clinical stage, T stage, M
stage, differentiation, tumor size, and tumor thrombus,
were also related to OS, as based on univariate cox re-
gression analysis, only the expression levels of SLC38A1
remained associated with OS when we performed mul-
tivariate cox regression analysis (HR: 1.397, 95% CI:
1.144-1.705, P<0.001; HR: 1.766, 95%CI: 1.061-2.940,
P=0.029, respectively), as shown in Figures 5(c) and 5(d).
Therefore, our univariate and multivariate Cox regression
analysis demonstrated that the expression level of
SLC38A1 was an independent prognostic factor for HCC
patients. To further evaluate the predictive accuracy of
SLC38A1 expression, we performed ROC. Compared to
other predictive factors (age, sex, tumor pathological
grade, clinical stage, T stage, N stage and M stage), the
AUC for SLC38A1 expression was greater (AUC =0.734,
Figure 6).
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FIGURE 2: The expression levels of SLC38A1 in HCC. (a) Meta-analysis of SLC38A1 expression levels in HCC tissues relative to nontumor
tissues, as determined by the Oncomine database. (b) Comparison of SLC38A1 mRNA expression level in HCC tissues and adjacent
nontumor tissue, as determined by the TCGA database. (c) Comparison of SLC38A1 protein expression levels in HCC tissues and adjacent
nontumor tissues, as determined by the CPTAC database. (d) Representative immunohistochemical images of SLC38A1 protein expression
in adjacent nontumor tissues and HCC tissues from our hospital (scale bars =200 ym).
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F1GURE 3: The effect of SLC38A1 expression on survival in HCC patients. (a) OS in TCGA. (b) PFS in TCGA. (c) DSS in TCGA. (d) OS in K-
M plotter. (e) PFS in K-M plotter. (f) OS in CPTAC. OS, overall survival; PFS, progression-free survival; DSS, disease-specific survival.

3.5. The Potential Molecular Mechanisms That Might Be
Mediated by SLC38A1 in HCC

3.5.1. GSEA. We performed GSEA between high- and low-
SLC38A1 expression phenotypes to explore potential sig-
naling pathways based on the TCGA dataset. According to
NES and FDR values, we selected significantly enriched
KEGG signaling pathways. We identified a total of 85 sig-
naling pathways that were differentially enriched in the high
expression SLC38A1 phenotype (Supplementary Table 2). The
most typically enriched signaling pathways are shown in
Figure 7; analysis showed that multiple pathways that are
related to tumor and immunity were differentially enriched in
the high expression SLC38A1 phenotype.

3.5.2. Gene Coexpression and GO/KEGG Enrichment
Analysis. To further explore the potential mechanisms that
might be mediated by SLC38A1 in HCC at the protein level,
we conducted coexpression and GO/KEGG enrichment
analysis, as based on the CPTAC database. According to a
threshold set by |R| and p values, a total of 158 genes were
found to be coexpressed with SLC38A1 and selected for
subsequent GO/KEGG enrichment analysis (Supplementary
Table 3). GO annotation revealed that 142 biological pro-
cesses (BP), 48 molecular functions (MF), and 19 cellular
component (CC) terms were significantly enriched (adjusted
p value < 0.05). The top 10 GO terms are shown in
Figure 8(a). These data suggested that the genes that were
coexpressed with SLC38A1 may have a regulatory effect on
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FIGURE 4: The association between SLC38A1 expression and clinicopathological characteristics. (a) Pathological grade, as determined from
the TCGA database. (b) Clinical stage, as determined from the TCGA database. (c) T stage, as determined from the TCGA database. (d)
Tumor differentiation, as determined from the CPTAC database. (¢) Tumor size, as determined from the CPTAC database. (f) Tumor
thrombus, as determined from the CPTAC database. The number of patients in the TCGA database that were in stage IV was very small;
thus, patients with stages III and IV were pooled together for analysis. There was one patient in the well differentiation group derived from

the CPTAC database; therefore, patients in the well differentiation and moderate differentiation groups were pooled for analysis.

HCC via mitochondrial matrix, pre-ribosome, oxidore-
ductase activity, and small molecule catabolic process. In
addition, we identified 26 KEGG pathways that were sig-
nificantly enriched (adjusted p value < 0.05), as shown in
Figure 8(b). These highly enriched pathways included
tryptophan metabolism, glycine, serine and threonine
metabolism, valine, leucine and isoleucine degradation, and
the PPAR signaling pathway.

3.6. The Expression of SLC38A1 Was Correlated with Tumor-
Infiltrating Immune Cells (TIICs) and Immune Checkpoint
Genes. To analyze the correlation between the expression
levels of SLC38A1 and TIICs, we first calculated the pro-
portion of 22 types of TIICs in HCC samples by CIBER-
SORT analysis (Figure 9). As shown in Figures 10(a) and
10(b), we obtained 4 and 6 types of TIICs that were sig-
nificantly associated with SLC38A1 expression, as based on
the differential and correlation analysis, respectively. As
shown in Venn diagrams (Figure 10(c)), we obtained 3 types
of TIICs (CD8+ T cell, Macrophages M0, and Neutrophils)
that were associated with SLC38A1 expression, as deter-
mined by differential and correlation analysis. To be specific,
high expression levels of SLC38A1 were inversely propor-
tional to the numbers of CD8+ T cells and directly

proportional to the numbers of macrophages MO and
neutrophils. Similarly, we used the differential analysis and
correlation analysis to evaluate the relationships between
SLC38A1 expression and immune checkpoints (PD-1, PD-
L1, and CTLA-4). These analyses indicated that high ex-
pression levels of SLC38A1 were directly proportional to
PD-1, PD-L1, and CTLA-4 (Figure 11).

4. Discussion

As a principal transporter of glutamine, SLC38A1 is selec-
tively and physiologically expressed in normal human brain
and placental tissues [8]. Studies have shown that SLC38A1
is overexpressed in malignant tumors and can promote the
proliferative, invasive, and metastatic potentials of tumor
cells [9-12]. However, prior to this study, the prognostic
significance of SLC38A1 for patients with HCC was un-
known. In the present study, we investigated the clinical
significance of SLC38A1 by analyzing RNAseq and pro-
teomic data. These public databases, along with IHC analysis
of our own tissue samples, confirmed that the expression of
SLC38A1 was upregulated in HCC. Both the mRNA and
protein expression of SLC38A1 were associated with the
clinicopathological characteristics and outcomes of HCC
patients. In addition, we explored the correlations between
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TaBLE 1: The association between SLC38A1 expression and clinicopathological characteristics (logistic regression, TCGA database).

Clinicopathological characteristics Total (N) Odds ratio for SLC38A1 mRNA expression p value
Age (years)

>60 vs. <60 370 0.823 (0.546-1.237) 0.349
Sex

Male vs. female 371 1.237 (0.801-1.915) 0.337
Pathological grade

Grade II vs. grade I 232 1.527 (0.821-2.911) 0.187
Grade III vs. grade I 177 3.242 (1.683-6.411) 0.001"
Grade IV vs. grade I 67 3.789 (1.053-15.750) 0.048"
Clinical stage

Stage II vs. stage I 257 2.104 (1.247-3.581) 0.006*
Stage III+IV* vs. stage I 261 2.380 (1.417-4.041) 0.001"
Tumor stage (T)

T2 vs. T1 275 2.185 (1.320-3.647) 0.003*
T3 vs. T1 261 2.449 (1.435-4.233) 0.001"
T4 vs. T1 194 3.486 (1.091-13.260) 0.044"
Lymphatic metastasis

Positive vs. negative 256 3.048 (0.384-62.071) 0.337
Distant metastasis

Positive vs. negative 270 1.685E-07 (NA-2.860 E +29) 0.983

Note. *Since the number of patients with stage IV was very small, we pooled patients with stage III and stage IV for analysis. *p <0.05.

TaBLE 2: The association between SLC38A1 expression and clinicopathological characteristics (logistic regression, CPTAC database).

Clinicopathological characteristics Total (N) Odds ratio for SLC38A1 protein expression p value
Age (years)

>60 vs. <60 152 0.523 (0.252-1.061) 0.076
Sex

Male vs. female 152 1.181 (0.530-2.657) 0.684
Differentiation

Poor vs. well + moderate® 152 2.619 (1.346-5.206) 0.005"
Cirrhosis

Positive vs. negative 152 1.284 (0.642-2.586) 0.480
Size (cm)

>5vs. <5 152 1.447 (0.765-2.753) 0.257
Thrombus

Positive vs. negative 152 2.237 (1.051-4.935) 0.040"
Lymphatic metastasis

Positive vs. negative 152 1 (0.039-25.600) 1.000
Encapsulation

Positive vs. negative 152 0.939 (0.466-1.887) 0.859

Note. ®There was only one patient in the well differentiation group. Therefore, patients with well and moderate differentiation were pooled for analysis;

*p<0.05.

SLC38A1 expression and TIICs or immune checkpoints;
these data suggested that the upregulated expression of
SLC38A1 was associated with defective immune infiltration
in HCC.

In the present study, we combined results from public
databases with our own data acquired from IHC of tissue
samples and confirmed that the expression levels of
SLC38A1 were upregulated in HCC; this was consistent with
the findings of previous studies [9, 22]. However, neither of
these studies evaluated the clinical and prognostic signifi-
cance of SLC38Al1 expression in HCC patients. In the
present study, we found that the upregulation of SLC38A1
expression predicted a worse prognosis for HCC patients.

Similarly, other studies have indicated that high levels of
SLC38A1 expression represented an unfavorable prognostic
indicator for human osteosarcoma, cholangiocarcinoma,
gastric cancer, and acute myeloid leukemia [9-12, 23]. In
addition, our study illustrated that the expression levels of
SLC38A1 were positively associated with clinical stage, T
stage, pathological grade, tumor size, and tumor thrombus,
but were not significantly associated with M stage or N stage.
Due to the small numbers of M1 and N1 patients in the
TCGA database, it was not possible to define the precise
association of SLC38A1 expression with lymphatic and
distant metastasis. Therefore, it is necessary to perform
further studies with larger sample sizes to confirm this
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FIGURE 5: Univariate and multivariate Cox regression analysis of SLC38A1 expression and other clinicopathological characteristics. (a)
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(c) Multivariate cox regression analysis, as based on the TCGA database. (d) Multivariate cox regression analysis, as based on the CPTAC

database.

finding. Moreover, our univariate and multivariate Cox
regression analysis indicated that SLC38A1 expression was
an independent predictor for prognosis in HCC patients.
More importantly, the predictive accuracy of SLC38A1
expression was slightly better than that of the clinical stage.
Collectively, these results strongly suggested that SLC38A1
expression is a good prognostic biomarker for HCC.

In order to further explore the potential mechanisms
that might be mediated by SLC38A1 in HCC, we performed
GSEA, coexpression analysis, and GO and KEGG enrich-
ment analysis. GSEA results demonstrated that a phenotype
characterized by high expression levels of SLC38A1 showed
enrichment with tumor and immune-related pathways,
including the JAK-STAT, Wnt, MAPK, mTOR ,and TGF-f3
signaling pathways. KEGG pathway enrichment analyses of
genes that were coexpressed with SLC38A1 further indicated
that SLC38A1 was involved in multiple metabolic pathways,
the most important of which was amino acid metabolism;
these findings were similar to those of a previous report.’
Therefore, we concluded that SLC38A1 is involved in
pathways related to substance metabolism, tumors, and
immunity. However, the specific regulatory mechanisms
involved needs to be investigated further.

Another major finding of this study was that the ex-
pression levels of SLC38A1 correlated with TIICs in HCC.
Previous  studies  have  shown  that  tumor-
infiltrating lymphocytes can serve as independent predictors
of survival in cancer patients [24, 25]. For this reason, we
explored the correlation between SLC38A1 expression and
immune infiltration in HCC. It is well established that CD8+
T cells are the main effector cells against tumors and stimulate
cell death via the Fas-Fas ligand pathway or by releasing
perforin granules to eliminate tumors [26]. A recent study
confirmed that the number of CD8+T cells is closely asso-
ciated with the prognosis of patients with a variety of tumors
[27]. Furthermore, recent studies have shown that neutrophils
can stimulate tumor angiogenesis and mediate immune
suppression mechanisms to promote tumor growth and
metastasis, and also represents a biomarker of tumor prog-
nosis [28, 29]. In the present study, we found that high ex-
pression levels of SLC38A1 were inversely proportional to
CD8+ T cells and directly proportional to macrophages M0
and neutrophils; this explained why high levels of SLC38A1
can predict a poor prognosis, at least in part. A series of
immune checkpoints, including CTLA-4, PD-1, PD-L1,
and lymphocyte activation gene 3 (LAG-3), have been
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confirmed to be involved in the induction and maintenance of
immune tolerance in HCC [30-32]. Moreover, immune
checkpoint inhibitors have shown therapeutic potential for
patients with advanced HCC in clinical trials [33, 34].
Therefore, we investigated the association between SLC38A1
expression and immune checkpoints and found that high
expression levels of SLC38A1 were directly proportional to
PD-1, PD-L1, and CTLA-4. This indicated that the poor
outcomes of HCC patients with high levels of SLC38A1
expression may be attributable to the immunosuppressive
microenvironment. Thus, we considered that SLC38A1 may
have a potential impact on tumor immunology.

The main advantage of this study is that we com-
prehensively analyzed the prognostic significance of
SLC38A1 expression at the RNA and protein levels;
previous prognostic biomarkers based on bioinformatics
mining were mainly focused on RNA levels. Further-
more, our study population included not only European
and American populations but also Asian populations.
Collectively, these factors increase the reliability and
applicability of SLC38A1 as a prognostic biomarker for
HCC patients. However, this study still has certain
limitations that need to be considered. Firstly, there were
clear differences in clinical characteristics between the



Journal of Oncology

12

100

80

T T
=
e E

JUDI9d AN

20 +
0 -

LO-TETV4TIT-VI0-LHIV-DD-VDDL,
LOLEV-ATI-VI0-EAVV-€D-VODL
LO-DIPV-AIT-VIO-TOVY-Ad-VOOL,
L0-0OTEVATI-VI0-d€LV-Ad-VODL
LO=MITV-ITT-VI0-XSTY-£€D-VDD T,
LO=ALTVATT-VI0-dASY-Ad-VODL
LO=SSTVATT-VI0-THIV-Ad-VODL
L0=99TV 4TI~V 10~dZFV—-Ad-VODL
LO-DIFV-AIT-V10-D0VV-Ad-VOOL
LO-DTPV-AIT-VIO-AAVV-AA-VODL
LO—€1TVATTI-VI0-VINEV-DD-VODL
LO-TETV-4IT-VI0-Dd1V-Ad-VDO L,
LO-TTEV-ITT-VI0-YNPV-Ad-VOOL
LO-DTPY—AIT-VI0-OAVV-Ad-VODL
LO=A8TV-MCI-VI0-INSSY-€D-VDDL
LO=ALIVATT-VI0-DMSV-Ad-VODL
LO—4EEV-ATI-VI0-FALY-DY-VODL
LO-DIFV-AIT-VI0-CHVV-AA-VODL
LO-TIEV-ITIT-VI0-H69Y-Dd-VODL,
L0-TSEVATI-VI0-OXLV-Ad-VOOL
LO—d8EVUTT-VI0-XD6V-XZ-VDDL,
LO0=d9EV-ACI-VI0-O[8V-YIN-VODL
LO=ALTVITT-VI0-ONSV-MI-VODL
LO-[EEV-MTT-VI0-TNLV-4N-VODL
LO=8EV-ATT-VI0-TA6V-dZ-VOOL
LO=ASTVATT-VI0-DUSV-LI-VDDL,
LO=[EEV-ATI-VI0-INLV-4N~-VODL
LO~TCTY AT T-VI0-dIEV-Ad-VOOL
LO-TETV-4T0-V10-852S-DD-VODL
LOMLEV-ATT-VI0-0A8V-Dd-VDD L,
LO~TTEV-UTI-VI0-009Y~[D-VODL
LO-DIFVATT-VI0O-NAVY-Ad-VODL
LO-DTFV-AII-VI0-0MVV-Ad-VODL
LO—8EV-ATT-VI0~LAVY-£€D-VDDL,
LO-DTPV-AIT-VIO-NAVV-AA-VODL
L0-98EV-MTT-VI0-ML6V-Ad-VODL
LO=MITV-ITT-VI0-LSTV-€D-VODL
LO=TCTV—4TT-V10-0IEV-Ad-VOOL
LO-TTIEVATT-VI0-X99Y-Ad-VDODL
LO~TCTV-4I1-V10-9VEV-Ad-VOOL
LO=-TETV-UT0-V10-1925-DD-VODL
LO=TCCYV—4IT-V10-1IEV-Ad-VODL
LO—€1TVATTI-VI0-6NEV-DD-VODL,
LO-8EV-UTI-VI0-TH6Y-XZ-VDDL
LO—€1TVATTI-VI0-DAIV-Ad-VODL
LOMLEVATT-VI0-AI6V-DD-VODL
LO=€1TVATI-VI0~T(EV-dd-VODL
LO-DIFVATT-VI0-4AVV-Ad-VDOL
LO~8EV-UTT-VI0-MD6V-AT-VODL
LO-48EVIIE-VI0-NOCV—[D-VDDL
LO-DTPY-AITI-VI0-ZOVV-Ad-VOOL
LO=-TSEV-ATT-VI10-G28V-Ad-VODL

= Mast cells resting

s
]
&
3
2
S
=
.

= T cells CD4 memory activated

B cells naive

= Mast cells activated

= Macrophages MO

= T cells follicular helper

= B cells memory

= Eosinophils

= Macrophages M1

= T cells regulatory (Tregs)

= Plasma cells

= Macrophages M2 = Neutrophils

= T cells gamma delta

= T cells CD8

= Dendritic cells resting

= NK cells resting

= T cells CD4 naive

Dendritic cells activated

NK cells activated

= T cells CD4 memory resting

FIGURE 9: The proportion of 22 types of TIICs in HCC tumor samples. TIICs, tumor-infiltrating immune cells.

0.037

0.507

|

|

FiGgure 10: Continued.

P

p=0035
!1’

P

=0.074
9 |

0476

0.736

|

=0.108
P=077%-0.017

s

P

p=0.
oﬁs\s

=0.337
JP .

0.403
o1}

p=0.062
01]7\7 %p: )

1.000
=0.331
Jp ‘

0.021 p=1

Wik,

p=0.321
0.208 l |

p=0403
élp |

0.6
0.5 o

uondeL]

0.2

0.1

0.0

syrydoxmaN
sprydoutsog

PaJBATIOR S[[2D JSBIA!
Sunsax sfao 1sey
PaIBATIOR S[[2D JTLIPUS(T
Sunsax s[jd anupuaq
7N sadeydodeiy

TN sa8eydodey

O saeydondey
sa1400U0

PaJeATIOR S[[20 N
Sunsax s[[0 YN

BI[op eruwed s[[ad J,
(s8a11,) A101emMBa1 S0 T,
Taday Temotog syeo 1,

pajeande Lrowaw 0 S[[22 I,

Sunsax Lrowawr FD S22 I,

AT HD) S[[0 I.
8AD SIP> L

S[[0 ewse[q
Axowaw sfd g

QATRU S[[32 g

()



Journal of Oncology

0.08 4 -
‘R=034
p=10:012
0.06 - - :
b .
g .
g 004+ : ;
2 .
3 .
2 .
0.02 -
. B .'
0.00 - ‘Emme srmb-o--somess S . et .-
T T T
0 10 20
SLC38A1
.
R=-031
p=0.027
0.050 - -
=
5]
s
E
g
o
3 0.025 -
Z
=
0.000 - -
T T T

SLC38A1

Dendritic cells activated

Neutrophils

0.04 - -
0.03
0.02

0.01 < -

0.03

0.01 .

0.00

SLC38A1

(®)

Intersection

(0

Macrophages MO

T cells CD8

0.6

0.4

0.2

0.0

0.4

0.3

0.2

0.1

0.0

-0.1

13

T T T
0 10 20
SLC38A1
. V .
-+ R=-03%
p=0.025
o« o
H e e
. o
.
T T T

SLC38A1

F1GUrk 10: Correlation of SLC38A1 expression with TIICs. (a) Differential analysis of 22 TIICs between HCC tumor samples with high- and
low-SLC38A1 expression levels. (b) Correlation analysis between SLC38A1 expression and the proportion of 6 TIICs (p < 0.05). (c) Venn
diagrams showing 3 TIICs that were associated with the expression levels of SLC38A1, as determined by differential and correlation analysis.

TIICs, tumor-infiltrating immune cells.

40

30 +

20

PD-1 expression

10

JE—
p=5e-05

10
R
p=7.9e-04
8 .
=
S
5 6
2
)
-~ 4
T
a
A2 =
0
Low High
(@)

FiGgure 11: Continued.

CTLA-4 expression

P
p =7.5e-07

Low High



14

The expression of PD-1
Log, (TPM+1)

The expression of SLC38A1
Log, (TPM+1)

The expression of PD-L1

Log, (TPM+1)

The expression of SLC38A1
Log, (TPM+1)

(b)

The expression of CTLA4

Log, (TPM+1)

Journal of Oncology

The expression of SLC38A1
Log, (TPM+1)
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of immune checkpoint genes with high and low expression levels of SLC38A1. (b) Correlation analysis between SLC38A1 expression and

immune checkpoint genes.

TCGA and CPTAC databases. Secondly, the specific
relationship between SLC38A1 expression and tumor
immune infiltration requires further investigation.

5. Conclusions

In summary, we systematically analyzed the clinicopatho-
logical significance of SLC38A1 expression at the RNA and
protein levels in HCC. Our study demonstrated that higher
levels of SLC38A1 expression were associated with disease
progression and a worse prognosis, as well as impaired
immune infiltration in HCC.
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