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ARTICLE INFO ABSTRACT

Keywords: Hepatocellular carcinoma (HCC) is one of the most frequent malignancies and the fourth-leading cancer-related
SLC10A1 death worldwide. Most patients with HCC are diagnosed at a late stage in which curable therapies are limited.
Biomarker Thus, identifying biomarkers for early diagnosis and prognosis of HCC is essential for improving the treatment
PD;EEEZ:: effectiveness in patients with HCC. In this paper, the SLC10A1 expression levels in the cells and the tissues and

Cancer their correlation with HCC were analyzed using bioinformatics tools. Clinical information data and gene
HCC expression profiles were retrieved from the Gene Expression Omnibus and The Cancer Genome Atlas. Chi-square
tests, log-rank tests, and Kaplan-Meier curves were performed using R packages. In all statistical analyses, a p-
value of less than 0.05 was considered significant. We found that SLC10A1 primarily expresses in the liver,
especially on the plasma membrane. The expression levels of SLC10A1 in tumors were consistently lower than
that in normal tissue. Down-regulation of SLC10A1 was correlated with a poor survival outcome [p = 4.50e-05]
and recurrence-free survival [p = 8.0e-04] in patients with HCC. In addition, multivariate analysis indicated that
the expression of SLC10A1 was an independent predictor for survival outcome [p = 2.17e-05] and recurrence-free
survival [p = 1.63e-04]. We concluded that SLC10A1 is a potential biomarker for the early diagnosis and

prognosis of HCC in the era of personalized medicine.

1. Introduction

Hepatocellular carcinoma is the most common cause of primary liver
cancer. It represents more than 85% of liver cancers, and it is the fourth-
leading cause of death among all types of cancer worldwide [1, 2]. Very
few HCC patients are diagnosed at the early stage of the most effective
treatment phase [3]. Early diagnosis of HCC is essential because it can
improve clinical outcomes [4]. Currently, HCC diagnostics rely on
methods, such as magnetic resonance imaging, and computed tomogra-
phy. However, these methods are very costly and difficult to detect small
tumors [5, 6]. Having biomarkers that can early detect HCC may lead to
effective treatment. Thus, there is a need to identify sensitive biomarkers
for the early diagnosis and prognosis of HCC.

Recently, several serums and tissue biomarkers have been studied for
the early diagnosis of HCC. Alpha-fetoprotein (AFP), a 70 kD glycopro-
tein, is the most common biomarker for HCC surveillance, but it has
limited sensitivity [7]. Des-y-carboxyprothrombin (DCP) was suggested
as a promising biomarker in the diagnosis of early-stage HCC. But its
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sensitivity in early-stage patients from a large multicenter case-control
study of DCP was only 56% [8]. Glypican-3 (GPC3) has the potential as
a biomarker for the diagnosis of HCC at the early stage [9]. Other bio-
markers, such as osteopontin, Golgi protein-73, squamous cell carcinoma
antigen, annexin A2, soluble urokinase plasminogen activator receptor,
and thioredoxins, were also investigated [10, 11, 12, 13, 14]. But they
have not been widely accepted in clinical practice.

SLC10A1 expresses primarily in the liver. It encodes the Na + -taur-
ocholate co-transporting polypeptide (NTCP) [15, 16, 17]. NTCP is also
known as the sodium/bile acid cotransporter or liver bile acid transporter
[15, 16, 17]. Bile salts are the main components of bile. They play an
important role in the digestion of fats and the absorption of fat-soluble
vitamins [16, 18]. NTCP transporter has a critical role in the regulation
of the transport of bile salts [19]. NTCP can mediate the transport of
additional substrates, such as thyroid hormones, drugs, and toxins [16,
20]. Recently, several studies have found that NTCP is a receptor for the
hepatitis B virus and hepatitis D virus [21, 22]. This suggests an appli-
cation of NTCP in virology [23]. Yan et al. reported that when the
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SLC10A1 gene was inactivated in human or mouse liver cells, the hepa-
titis B virus infection was significantly reduced [24]. The expression of
NTCP is reduced in patients with cirrhosis [25] and is increased in pa-
tients with nonalcoholic fatty liver or early stage of liver transplantation
[26]. SLC10A1 has been extensively studied, but its role in HCC remains
unclear. To learn more about the relationship between SLC10A1 and
HCC, we analyzed the gene expression, and distribution of SLC10A1 in
cells, and the correlation with survival and recurrence in HCC patients.

2. Methods

2.1. Subcellular localization and expression of SLC10A1 among normal
and cancer tissues

Subcellular localization of SLC10A1 was predicted and visualized by
using the COMPARTMENTS, a subcellular localization database (http
://compartments.jensenlab.org) [27]. The gene type from Homo sapiens
was selected for further steps.

To investigate the gene expression levels of SLC10A1 across human
tissues, RNA-sequencing analyses were conducted via the GTEx con-
sortium (http://www.gtexportal.org) [28]. All data were browsed and
searched by gene symbol.

mRNA expression levels of SLC10A1 across all cancers and paired
normal tissues were analyzed by GEPIA [29]. In the Single Gene Analysis
tab, the gene symbol was used to search for interesting information.

2.2. The protein expression of SLC10A1 by immunohistochemistry

Protein expression levels of SLC10A1 were identified using the Tissue
Atlas and the Pathology Atlas from Human Protein Atlas database
(https://www.proteinatlas.org/) [30]. The protein expression data from
44 normal human tissue types and 17 different forms of human cancer is
derived from antibody-based protein profiling using immunohisto-
chemistry. Gene symbol was used to search for information from the
database. The IHC staining of normal liver tissues from tissue atlas and
HCC tissues from pathology atlas were collected and analyzed.

2.3. Protein-protein interaction analysis

Protein-protein interactions were conducted using the Search Tool for
the Retrieval of Interacting Genes/Proteins (STRING) database (http://
www.string-db.org/) [31]. Search for a single protein by name was
performed in the Homo sapiens database. Protein networks were linked
based on the following six criteria: experimental evidence and existing
databases, neighborhood, gene fusion, co-occurrence, and co-expression.

2.4. Patients and gene expression profiles

Gene expression profiles and clinical information of HCC patients
were downloaded from TCGA (https://www.cbioportal.org/) and the
National Center for Biotechnology Information Gene Expression
Omnibus database (https://www.ncbi.nlm.nih.gov/geo/). The robust
multi-array method (RMA) was used to adjust the raw data to the median
via Cluster 3.0. The dataset GSE14520 [32] has been selected as the main
data for the construction of our experiment. 242 patients with available
clinical information were used for this study. The probe set identifiers
have been transferred to gene symbols. Patients were classified into low
or high expression groups. Patients with SLC10A1 expression level higher
than the median were in the high expression group, and patients with
SLC10A1 expression level less or equal to than median were in the low
expression group. These groups were used for further study.

2.5. SLC10A1 expression and its correlation with clinical information

607 patients were selected from GSE14520 [32] and TCGA [33]
datasets to observe the mRNA expression levels of SLC10A1 between
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normal and tumor tissues. The Kaplan-Meier method was used to
compare the survival of two patient groups based on mRNA expression.
Chi-square and log-rank tests were used to assess survival risk and
recurrence time. Cox univariate and multivariate proportional regression
analyzes were performed to evaluate independent prognostic factors
associated with survival and recurrence time.

2.6. Statistical methods

The Kaplan-Meier curves, a two-sample t-test, Chi-squared tests,
and log-rank tests were performed using the R language environment
(www.r-project.org). The Wilcoxon signed-rank test was used to
compare two groups of clustered data, and the Kruskal-Wallis test was
applied to examine more than two independent clustered data and
displayed by a boxplot. In the tests, a p-value less than 0.05 was
considered statistically significant.

3. Results

3.1. SLC10A1 subcellular localization and expression among normal and
cancer tissues

According to COMPARTMENTS, a subcellular localization database
considering multiple information sources regarding different cell types,
the SLC10A1 protein product was identified with the highest confidence
(confidence level 5) in the plasma membrane. Low confidence (confi-
dence level 2) was in the extracellular, mitochondrion, peroxisome nu-
cleus, endoplasmic reticulum, endosome, and cytosol. And the lowest
confidence (confidence level 1) was in the cytoskeleton, lysosome, and
Golgi apparatus (Figure 1).

According to the GTEx database, the expression of SLC10A1 was very
high in the liver (median transcripts per million (TPM) is 94.29), low in
whole blood (median TPM is 0,10), and very low or no expression in
other tissues (Figure 2A). In tissue from HCC patients, the median
expression of SLC10A1 was 33.82 (TPM). This expression level was lower
than that in normal tissues (69.57 TPM) (Figure 2B). SLC10A1 is mainly
expressed in the liver. It shows very low or no expression of other tissues
(Figure 2C). In both females and males, protein expression of SLC10A1
through immunohistochemistry differed between HCC tissues and
normal liver tissues (Figure 3). The expression level of SLCI0A1 was
higher in normal liver tissues than in hepatocellular carcinoma tissue.
SLC10A1 has only one variant that was ENSG00000100652.4 primarily
expressing in the liver (Figure 4).

3.2. Protein-protein interaction analysis

To study the relationship of SLC10A1 with other proteins, we per-
formed a molecular network by introducing SLC10A1 into the STRING
database. SLC10A1 was closely related to other proteins, such as
SLC10A7, SLCO1A2, SLCO1B3, SLCO1B1, NROB2, NR1H4, CYP7Al,
ABCB11, and ALB (Figure 5).

3.3. SLC10A1 expression and its correlation with clinical information

To investigate the association between the SLC10A1 expression level
and clinicopathological characteristics, including gender, age at diag-
nosis, and BCLC stage, we performed Chi-square (y2) test. As shown in
Table 1, Gender and age were not significantly correlated with SLC10A1
expression. BCLC stage, survival and recurrence were significantly
associated with SLC10A1 expression (BCLC, p = 1.61e-03; OS, p = 9.72e-
04; RFS, p = 2.74e-02). To compare the prognostic value of SLC10A1
with other prognostic variables, such as age and gender, we performed
univariate and multivariate Cox regression analysis by using the
GSE14520 dataset (Table 2). In univariate analysis, age was not signifi-
cant in both OS and RFS but gender was significant with RFS (HR 2.40;
95% CI 1.20-4.5; p = 0.01). In multivariate analysis, age was not
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Figure 1. The expression of SCL10A1 at the cellular level.
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Figure 2. Gene expression for SLCI0AI. (A) Gene expression for SLCI0A1 (ENSG00000100652.4) among different tissues. (B) The median expression of tumor and
normal samples in the body map. (C) The gene expression profile of SLC10A1 across all tumor tissue and paired normal tissues. (LIHC, liver hepatocellular carcinoma;
ACC, adrenocortical carcinoma; BLCA, bladder urothelial carcinoma; BRCA, breast invasive carcinoma; CESC, cervical squamous cell carcinoma and endocervical
adenocarcinoma; CHOL, cholangio carcinoma; COAD, colon adenocarcinoma; DLBC, lymphoid neoplasm diffuse large B-cell lymphoma; ESCA, esophageal carcinoma;
GBM, glioblastoma multiforme; HNSC, head and neck squamous cell carcinoma; KICH, kidney chromophobe, KIRC, kidney renal clear cell carcinoma; KIRP, kidney
renal papillary cell carcinoma; LAML, acute myeloid leukemia, LGG, brain lower grade glioma; LUAD, lung adenocarcinoma, LUSC, lung squamous cell carcinoma; OV,
ovarian serous cystadenocarcinoma; PAAD, pancreatic adenocarcinoma; PCPG, pheochromocytoma and paraganglioma; PRAD, prostate adenocarcinoma; READ,
rectum adenocarcinoma; SARC, sarcoma; SKCM, skin cutaneous melanoma; STAD, stomach adenocarcinoma; TGCT, testicular germ cell tumors; THCA, thyroid
carcinoma; THYM, thymoma; UCEC, uterine corpus endometrial carcinoma; UCS, uterine carcinosarcoma).



Q.H. Tran et al.

Heliyon 7 (2021) e06463

Figure 3. Protein expression of SLC10A1 in normal and HCC tissues. Expression of SLC10A1 in hepatocellular carcinoma tissues and normal tissues were analyzed by

immunohistochemistry. Data were obtained from the Human Protein Atlas.

significant for both OS and RFS but gender was significant with RFS (HR
2.63; 95% CI 1.38-5.03; p = 3.36€e-03).

GSE14520 (n = 242) and TCGA (n = 365) were used to analyze the
association between SLC10Al expression and survival and recurrence
outcomes. Patients in GSE14520 dataset were classified into high
expression group (n = 121) and low expression group (n = 121). The
Kaplan-Meier method was performed and showed that SLCI0A1
expression level was significantly associated with survival outcome in
patients with HCC (p = 2.61e-05; Figure 6A). Patients with low SLC10A1
expression had a shorter survival time than patients with high SLC10A1
expression. The patients in the TCGA dataset were classified into a high
expression group (n = 181) or a low expression group (n = 184). Patients
with high SLC10A1 expression experiences a longer survival time than
patients with low SLC10A1 expression (p = 1.03e-03; Figure 6B).

We further analyzed the association of SLC10A1 with recurrence in
the GSE14520 dataset. We found that patients with a low expression level
of SLCI0AI had a higher recurrence rate than patients with a high
expression level of SLC10A1 patients (p = 6.75e-04, Figure 6C).

4. Discussion

Hepatocellular carcinoma (HCC) is the most common primary cancer
of the liver, and the number of HCC-related death per year has increased
worldwide [1, 34]. Many major risk factors for hepatocellular carcinoma
have been identified, such as chronic cirrhosis, viral hepatitis, nonalco-
holic fatty liver, alcohol use, genetic disease, and exposure to hepato-
toxicity (aflatoxin) [35]. The diagnosis of patients with HCC remains
challenging, especially in the early stages of the disease. If the patient is
diagnosed early and correctly with HCC, the 5-year survival rate is >70%

[34]. However, there are no single biomarkers with high specificity and
sensitivity for the accurate detection of HCC, especially in the early stages
of HCC to increase survival for the patients [27].

In this study, we found that the SLC1I0A1 encodes only for NTCP,
and it has only one variant. Furthermore, NTCP was expressed specif-
ically in the liver with primary function in bile salt metabolism to
transport extracellular bile salts into hepatocytes. It accounts for
greater than 80% of the hepatic uptake [36, 37]. NTCP was recently
shown to serve as an entry receptor for hepatitis B and D viruses [21].
Increased or decreased SLC10A1 expression level is associated with
cirrhosis or fatty liver [25, 26], which is one of the risk factors for HCC.
The median expression level of SLC10A1 in HCC tissues was signifi-
cantly lower than its level in normal liver tissues. The significance of
SLC10A1 was further confirmed by analysis of immunohistochemistry
from the protein atlas database. The expression levels of SLC10A1 were
significantly higher in normal liver tissues and significantly lower in
tumor tissues from both male and female. This finding suggests that
SLC10A1 expression levels may be used as a biomarker for assessing the
risk of HCC development.

Univariate Cox analysis suggests that SLC10Al can predict patients’
survival and disease recurrence. It predicts better after adjustment with
other clinical variables such as age, and sex in multivariate Cox analysis.
This suggests that SLC10A1 is an independent biomarker for survival and
recurrence outcomes of patients with HCC. The better performance of
SLC10A1 in multivariate analysis suggests that it may be more useful for
the detection of HCC in clinical practice.

Long-term survival has been achieved in HCC patients after hepatic
resection of HCC. But, it significantly reduces since the development of
recurrence with the rate of 70% at 5 years after resection of HCC [34, 38].



Q.H. Tran et al.

Heliyon 7 (2021) e06463

CEEEEED GEEEEND GEEE—— 0 Liver

[
e | e 1

Testis
Minor Salivary Gland
Spleen
Pituitary
Brain - Cerebellum
Brain - Cerebellar Hemisphere
Cervix - Endocervix
1 Whole Blood
Lung
Adrenal Gland
Kidney - Medulla
J| Small Intestine - Terminal lleum
Fallopian Tube
Cells - EBV-transformed lymphocytes
Thyroid
1 Esophagus - Mucosa
Colon - Transverse
Muscle - Skeletal
Brain - Spinal cord (cervical c-1)
Kidney - Cortex
Ovary
Stomach
Pancreas
Adipose - Visceral (Omentum)
Heart - Left Ventricle
Cells - Cultured fibroblasts
Brain - Amygdala
Artery - Tibial
Skin - Not Sun Exposed (Suprapubic)
Vagina
| Uterus
1 Skin - Sun Exposed (Lower leg)
Prostate
Nerve - Tibial
Heart - Atrial Appendage
| Esophagus - Muscularis
y Esophagus - Gastroesophageal Junction
Colon - Sigmoid
Cervix - Ectocervix
Breast - Mammary Tissue
Brain - Substantia nigra
Brain - Putamen (basal ganglia)
Brain - Nucleus accumbens (basal ganglia)
Brain - Hypothalamus
Brain - Hippocampus
Brain - Frontal Cortex (BA9)
Brain - Cortex
Brain - Caudate (basal ganglia)
Brain - Anterior cingulate cortex (BA24)

&, & &
5 o I
® e
Gene Model
ENST00000216540.4 : — —
L LI

Bladder
Artery - Coronary
Artery - Aorta
i Adipose - Subcutaneous
&§ &
*0/79 Yo, ,
® ® 0.0 0.0
| 1 039 | 22
0.94 9.0
1.7 31
1 I 238 1.0e+2

4.2 3.2e+2

S)unoo peal uojoun”

aseq Jed S)unod peal uox3 I

Figure 4. Exon expression of SLC10A1 (ENSG00000100652.4).
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Therefore, biomarkers useful for the prediction of tumor recurrence still
need to be investigated. We show that SLC10A1 expression levels were
correlated with survival and recurrence outcome. HCC patients with low
expression of SLC10A1 were associated with significantly lower survival
and recurrence rate than HCC patients with high expression of SLCI0A1.
This finding suggests that the upregulation of SLC1I0A1 can serve as a
biomarker for predicting recurrence in early-stage HCC.

SLC10A1 interacts with other proteins, such as NR1H4, ABCB11,
and CYP7AL. It is primarily known for its involvement in the bile salt
reabsorption transport pathway, through NTCP. Expression of NTCP is
regulated by many transcription factors, such as farnesoid X receptor
(FXR or NR1H4), small heterodimer partner (SHP or NROB2), bile salt
export pump (BSEP or ABCB11), and cholesterol 7a-hydroxylase
(CYP7A1) [37]. FXR does not interact directly with the NTCP pro-
moter but it induces the expression of other factors that indirectly
suppress NTCP expression. An analysis based on the TCGA dataset
indicated that NR1H4 was downregulated in liver cancer. This



Q.H. Tran et al.

Heliyon 7 (2021) e06463

Table 1. Clinicopathological features of SLC10A1 in two expression group of GSE14520 data set.

Variables Total SLC10A1 expression p-value
Low High
Number of patients 242 121 (50.0%) 121 (50.0%)
Gender 0.19
Female 31 18 (14.9%) 13 (10.7%)
Male 211 103 (85.1%) 108 (89.3%)
Age 0.44
>50 117 53 (43.8%) 64 (52.9%)
<50 125 68 (56.2%) 57 (47.1%)
BCLC 1.61e-03
0 20 12 (09.9%) 8 (06.61%)
A 152 61 (50.4%) 91 (75.2%)
B 24 16 (13.2%) 8 (6.61%)
C 29 21 (17.4%) 8 (06.6%)
NA 17 11 (09.1%) 6 (05.0%)
[0} 9.72e-04
0 146 60 (49.6%) 86 (71.1%)
1 96 61 (50.4%) 35 (28.9%)
RFS 2.74e-02
0 106 44 (36.4%) 62 (51.2%)
1 136 77 (63.6%) 59 (48.8%)
BCLC, Barcelona Clinic Liver Cancer; OS, overall survival; RSF, recurrence free survival; p -values were obtained from the X2 -test.
Table 2. Univariate and multivariate Cox proportional hazard regression analyses of clinical variables in the GES14520 dataset.
Variable Univariate Multivariate
HR 95% CI p Value HR 95% CI p value
oS Gender 1.90 0.62-1.40 0.69 2.09 1.01-4.32 0.04
Age 0.92 0.90-3.80 0.093 1.07 0.71-1.60 0.76
Expression 2.40 1.60-3.60 4.50e-05 2.49 1.63-3.79 2.17e-05
RSF Gender 2.40 1.20-4.50 0.01 2.63 1.38-5.03 3.36e-03
Age 1.10 0.77-1.50 0.66 1.25 0.89-1.77 0.19
Expression 1.80 1.30-2.50 8.0e-04 1.94 1.37-2.74 1.63e-04

OS, overall survival; RSF, recurrence-free survival; HR, hazard ratio; CI, Confidence Interval; p -values were obtained from the %2 -test.
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Figure 6. Kaplan Meier plots of SLC10A1 expression with survival and recurrence. (A) SLCI0A1 expression with the survival of the GSE14520 dataset. (B) SLCI0A1
expression with the survival of the TCGA dataset. (C) SLC10A1 expression with the recurrence of the GSE14520 dataset.

suggests that NR1H4 may play an important role in tumorigenesis
[39]. If bile acid levels increase, FXR activates the expression of SHP
and then SHP inhibits transcription of NTCP [40]. NROB2 involved in
regulatory processes in HCC, which acts as a tumor suppressor through
inhibition of cell growth and activation of apoptosis in this tumor
entity [41]. The activation of FXR reduces the expression level of
CYP7A1, an important enzyme involved in bile acid biosynthesis [17,

37]. CYP7AL1 is the rate-limiting enzyme in the classic pathway of bile
acid synthesis. Overexpression of an exogenous CYP7A1 gene impaired
liver regeneration after 70% partial hepatectomy. This was accompa-
nied by increased hepatocyte apoptosis and liver injury [42]. FXR
upregulates the bile salt export pump (BSEP) to prevent the intracel-
lular accumulation of cytotoxic bile salts [43]. BSEP has a vital role in
maintaining bile acid homeostasis. A lack of BSEP leads to severe
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cholestasis and hepatocellular carcinoma [44]. Thus, SLC10Al in-
teracts with proteins, which are major risk factors of HCC.

This study showed the correlation between SLC10A1 expression and
hepatocellular carcinoma. SLC10A1 is expressed mainly in liver cells. The
mRNA expression of SLC10A1 in hepatocellular carcinoma tissue was
lower than its expression in normal tissue. SLC10A1 is an independent
biological indicator that can be used in the diagnosis and prognosis of
HCC. Low expression of SLC10A1 was related to worse prognosis and
recurrence in patients with HCC. We conclude that SLC10A1 is a po-
tential biomarker for the early diagnosis and prognosis of hepatocellular
carcinoma.
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