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Background and Aim: This study was aimed to reveal the clinical relevance and immune correlation of the SLC10 family genes in 
liver cancer.
Methods: A comprehensive bioinformatics analysis was utilized to determine the gene expression, genetic alterations, DNA 
methylation, clinical significance, survival association and immune correlation of seven SLC10 family genes in liver cancer. The 
multiplexed immunohistochemical technique was applied to determine the association between SLC10A3 protein expression and 
immune cells, and the correlation between SLC10A3 protein and immune checkpoints (PD1 and PD-L1) in a cohort of 32 individuals 
with liver cancer.
Results: The expression of SLC10 family genes was different between normal liver tissues and malignant liver tissues. SLC10A5 
showed the highest alteration rate (8%), followed by SLC10A3 (2.8%). Low expression of SLC10A1 was indicative of poor tumor 
grade and advanced tumor stage in liver cancer. Scatter plots uncovered that expression of SLC10A3 was inversely associated with 
SLC10A1 and SLC10A5 expression in liver cancer. The expression of SLC10A1 and SLC10A5 was strongly associated with their 
DNA methylation. SLC10A1 expression was a reliable genetic biomarker for the prediction of survival outcomes in liver cancer 
population. Expression of SLC10 family genes was remarkably linked with the abundance of most immune infiltrating cells in liver 
cancer, and SLC10A3 was the most significant member. The multiplexed immunohistochemical technique confirmed that there existed 
the significant correlations between SLC10A3 protein expression and CD4 T cells, CD20 B cells and the close association with PD-1 
in the stromal area from malignant tissues.
Conclusion: The expressions of SLC10 family genes were different between normal liver tissues and malignant liver tissues, and they 
were correlated with each other in liver cancer. SLC10A1 possesses the most significant correlation with survival outcomes. SLC10A3 
exhibited the most significant relationship with immune cells, as revealed by bioinformatics analysis and multispectral imaging 
technique.
Keywords: the soluble carrier 10 family genes, liver cancer, immune correlation, multispectral imaging, prognostic biomarker

Introduction
Liver cancer is acknowledged as the third leading cause of cancer-related death, and over 1 million cases will be 
diagnosed with this disease by 2025,1 causing a major threat to the medical system and being a social burden.2 Viral 
hepatitis, nonalcoholic fatty liver disease, alcoholic liver disease and metabolic syndrome are the most common risk 
factors for liver cancer, and Asia has the highest incidence rate of liver cancer.3 Liver resection is the only curative 
treatment for individuals with liver cancer, and laparoscopic hepatectomy gradually becomes the widespread therapy 
among patients with liver cancer.4 However, this approach is only suitable for patients in the early-stage disease, which 
accounts for a small proportion of patients with liver cancer. The overall survival outcome of individuals with liver 
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cancer is not optimistic with a 5-year survival rate of less than 20%.5 Hence, identification of reliable genetic biomarkers 
for the accurate prediction of prognosis for liver cancer individuals is quite imperative.

The soluble carrier (SLC) family occupies an essential role in cell metabolism via the transport of bile acid.6 

Moreover, SLC10 is also responsible for influx transporters of steroidal hormones, specific agents, and comprised of 
seven family members, including SLC10A1, SLC10A2, SLC10A3, SLC10A4, SLC10A5, SLC10A6 and SLC10A7.7 

A recent study uncovers that SLC10A1 is a promising target for drug design for patients infected with hepatitis B virus 
(HBV).8 Chen et al9 reported that genetic variants of SLC10A1 are not correlated with the risk of HBV infection or viral 
clearance. Moreover, SLC10A2 expression is reported to be an independent survival factor among patients with color-
ectal cancer10 and renal cancer.11 No study has specifically explored the prognostic role of SLC10A2 in liver cancer. 
Moreover, the clinical and immune correlations of SLC10 family genes in liver cancer remain unknown.

Under the microscopy, liver cancer tissues display a dense tumor cells mixed with infiltrated immune cells, and 
tumor-related immune cells can serve as a promising target for treating liver cancer.5 There is evidence that the immune 
response to solid tumors has a vital effect on the course of tumor progression even without any immunotherapy.12 A low 
density of CD8+ T cells is linked to survival outcomes in liver cancer. Thus, the immune microenvironment of liver 
cancer may have significant implications for survival assessment and therapeutic choice. Wen et al13 demonstrated that 
SLC10A2 is a survival gene that is closely associated with immune cells in colorectal cancer. However, whether 
SLC10A2 is also an immune related gene in liver cancer is largely unknown to us.

In the present study, we initially characterized the gene alterations and clinical relevance of seven SLC10 family 
genes in liver cancer. Then, we also analyzed the methylation profiles and survival significance of seven SLC10 family 
genes in liver cancer. Subsequently, we explored the potential correlation between SLC10 family genes and immune cells 
in liver cancer. Due to close association between SLC10A3 and immune cells, we applied multispectral imaging assay to 
further validate this association in a cohort of 32 liver cancer individuals. A systematic understanding of the clinical 
relevance and immune correlation of SLC10 family genes in liver cancer is necessary to identify the potential therapeutic 
targets against liver cancer.

Methods
Genetic Alteration, Genes Expression and Enrichment Analysis
We applied cBioPortal database (https://www.cbioportal.org/) to investigate the genetic alterations of SLC10 family 
genes based on TCGA-LIHC dataset. We entered the names of seven SLC10 family genes in cBioPortal research box and 
then selected the module of Oncoprint to determine the genetic alteration rates and mutation types of seven SLC10 
family genes in liver cancer. We selected the module of Gene Expression Comparison. For the verification of the 
differential expressions, we also searched HCDDB database (http://lifeome.net/database/hccdb/search.html) which con-
tains some liver cancer datasets from GEO. We entered the names of seven SLC10 family genes in HCDDB database and 
then selected the Go module. We used clusterProfiler package (R software, version 3.14.3) to identify the biological 
pathways of the co-expressed genes related to SLC10 family genes in liver cancer.

Methylation Profiles and Survival Analysis
We searched the UCXC Xena database (http://xena.ucsc.edu/) to download the methylation and gene expression data of 
seven SLC10 family genes in liver cancer via Launch Xena module. We also browsed the UALAN website (http://ualcan. 
path.uab.edu/index.html) to compare the methylation levels of seven SLC10 family genes between normal liver speci-
mens and malignant liver tissues. We selected the module of Methylation under the part of TCGA in UALAN website.

As for survival analysis, we initially utilized the Kaplan–Meier Plotter database (http://kmplot.com/analysis/). We 
selected the module of Liver Cancer and modified the parameter to “autoselect best cutoff”. All the patients with liver 
cancer were divided into low and high expression groups to generate survival curves. For the conformation of survival 
significance of seven SLC10 family genes in liver cancer, we also searched HCDDB database (http://lifeome.net/ 
database/hccdb/search.html) which contains GSE14520 and IGGC data.
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Immune Correlation Analysis
We browsed TISIDB database (http://cis.hku.hk/TISIDB/index.php), which is an integrated web tool for tumor–immune 
system interaction. We entered the names of SLC10 family genes and then selected the module of Subtype, which 
included immune subtype and molecular subtype. In addition, we also explored the Tumor IMmune Estimation Resource 
(TIMER) database (https://cistrome.shinyapps.io/timer/) to ensure the potential correlations between SLC10 family genes 
and immune infiltration of all tumors in the TCGA-LIHC cohort. The abundances of six immune cells were calculated by 
TIMER algorithm, and we selected the Gene module to determine the relationship between the abundance of immune 
cells and SLC10 family genes in liver cancer. Correlation module was selected for the correlation analysis between 
SLC10A1 and PDCD1 along with CD274 in liver cancer. In particular, we utilized R software (version 3.6.3) to perform 
the ssGSEA via the GSVA package, which could directly exhibit the correlations between SLC10 family genes and many 
kinds of immune cells in liver cancer. In order to validate the relationship between SLC10 family gene expression and 
abundance of immune in liver cancer, we also utilized GSE25097 to perform ssGSEA via the GSVA package.

Multiplex Immunohistochemical Staining and Multispectral Imaging
A cohort of 32 cases of postoperative individuals with liver cancer from Renmin Hospital of Wuhan University was 
included in our validation section. All the participants experienced surgical removal, and we collected the formalin-fixed 
paraffin-embedded blocks from the department of pathology and then constructed a tissue microarray (TMA) for the 
subsequent seven-color immunohistochemical staining. Clinical information and pathological data of 32 cases of liver 
cancer individuals were abstracted from the medical records. All the liver cancer individuals gave their consents to take 
part in our clinical research, and this research outline was reviewed and approved by the clinical ethics research 
committee of Renmin Hospital of Wuhan University (No. WDRY-2019-K104). Our research was performed under the 
principles of the Declaration of Helsinki.

The TMA was deparaffinized and fixed with formaldehyde:methanol and then placed into antigen repair buffer for 20 
min for antigen retrieval using a microwave. Each TMA was put through six rounds of staining, including a protein block 
(1% BSA), followed by primary antibody and the corresponding secondary antibody (Table 1). Each secondary antibody 
was conjugated to a different fluorophore using AlphaTSA Multiplex IHC kit (No. AXT37100031, Beijing, China). After 
six sequential reactions, the TMA was counterstained with DAPI for 15 min. After mounting, the TMA slide was scanned 
and then imaged for quantitative analysis using ZEN software (version 3.3).

Statistical Analysis
All the statistical tasks were finished by SPSS 20.0 in combination with GraphPad Prism (version 8.0). R software (3.6.3) 
and GraphPad Prism (version 8.0) was utilized to generate some figures. Expression levels of SLC10 family genes in 
malignant liver tissues and normal liver tissues were compared via t-test. Correlations among the seven SLC10 family 
genes (SLC10A1, SLC10A2, SLC10A3, SLC10A4, SLC10A5, SLC10A6, SLC10A7) were estimated by Spearman 
correlation analysis. Kaplan–Meier curves were used to investigate the survival time of liver cancer patients stratified 
based on low or high levels of the expressions of SLC10 family genes. A P value less than 0.05 was deemed as the 
significance threshold for statistical analyses.

Table 1 The Detailed Information of the Primary and Second Antibodies in This Research

Antibody SLC10A3 CD68 CD4 CD20 PDL1 PD1

No. ab224438 ZM0060 ZM0418 ab78237 13684S ZM0381
Species Rabbit Mouse Mouse Rabbit Rabbit Mouse

Concentration 1:1000 1:500 1:100 1:100 1:100 1:100

Incubation condition 37°C 1hr 37°C 1hr 4°CON 37°C 1hr 37°C 1hr 37°C 1Hr
Second antibody BD(1:3) BD(1:3) BD(1:3) BD(1:3) BD(1:3) PV-8000

Dye (1:100) XTSA 480 XTSA 520 XTSA 570 XTSA 620 XTSA 690 XTSA 780
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Results
Gene Alterations and Expression Profiles of SLC10 Family Genes in Liver Cancer
We explored the gene alterations of SLC10 family genes in liver cancer via cBioPortal website. As listed in Figure 1A, 
SLC10A5 has the highest alteration rate (8%), followed by SLC10A3 (2.8%) and SLC10A2 (2.3%). Amplification type 
was the most common type of gene alteration among SLC10A2, SLC10A3, SLC10A4 and SLC10A5, while depletion 
was the most common type of gene alteration among SLC10A1, SLC10A6 and SLC10A7.

Subsequently, we investigated the expression profiles of SLC10 family genes in normal tissues and malignant liver cancer 
(Figure 1B–H). Except for SLC10A2, other six members of SLC10 were abnormally expressed in HCC tissues. SLC10A1 
was down-regulated in HCC specimens, but SLC10A3, SLC10A4, SLC10A5 and SLC10A6 were up-regulated in HCC 
tissues. For further verification of this conclusion, we also mined HCDDB database, which contains TCGA, GEO and IGGC 
data. Results from multiple datasets were almost consistent with the above conclusion (Figure S1). Collectively, expressions of 
SLC10 family genes were different between normal liver tissues and malignant tissues.

Figure 1 Gene alteration and expression profiles of SLC10 family genes in liver cancer. (A) Rates of genetic alteration of SLC10 family genes in live cancer based on TCGA- 
LIHC dataset. SLC10 family genes ((B) SLC10A1, (C) SLC10A2, (D) SLC10A3, (E) SLC10A4, (F) SLC105, (G) SLC10A6, (H) SLC10A7) were abnormally expressed 
between normal tissues and malignant liver tissues. **Stands for P<0.01, ***Stands for P<0.0001. 
Abbreviation: ns, no significance.
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Clinical Relevance and Association of SLC10 Family Genes
We downloaded the original expression data of SLC10 family genes, along with clinical data, to reveal the clinical 
relevance of SLC10 family genes in liver cancer (Figure S2). Statistical analyses using one-way ANOVA revealed that 
the expression levels of SLC10A1, SLC10A3, and SLC10A6 were significantly different between groups with different 
tumor grades. As for TNM stage, statistical analyses using one-way ANOVA showed that the expression of SLC10A1, 
SLC10A3, SLC10A5, and SLC10A6 was significantly different between groups with different tumor stages. In summary, 
low SLC10A1 expression was indicative of poor tumor grade and advanced tumor stage in liver cancer.

Subsequently, we employed Spearman analysis to quantitatively measure the correlations between the seven SLC10 
family genes in liver cancer, and we found that most genes were correlated with each other (Figure 2A). Scatter plots 
uncover that expression of SLC10A3 was inversely associated with SLC10A1 (r = −0.512, P < 0.001, Figure 2B) and 
SLC10A5 (r = −0.309, P < 0.001, Figure 2C) in liver cancer. Moreover, we also observed that SLC10A6 expression was 
positively correlated with SLC10A7 (r = 0.477, P < 0.001, Figure 2D).

Survival Analysis of SLC10 Family Genes in Liver Cancer
The prognostic values of SLC10 family genes in liver cancer were explored using the Kaplan–Meier Plotter. As for 
overall survival (Figure 3A–N), we found that high expression of SLC10A1, SLC10A2, SLC10A4, SLC10A5, SLC10A6 
and SLC10A7 was positively linked to favorable overall survival, while high expression of SLC10A3 was negatively 
correlated with favorable overall survival among patients with liver cancer. As for disease-free survival, we observed that 
high expression levels of SLC10A1, SLC10A2 and SLC10A6 were positively associated with superior disease-free 
survival, while this significant association disappeared in SLC10A3, SLC10A5 and SLC10A7. As the data from the 
Kaplan-Meier Plotter were mainly based on TCGA-LIHC dataset, we also mined the HCDDB database which contains 
the GSE14520 and IGGC datasets. As shown in Figure S3, we also found that patients with over-expression of SLC10A1 
were correlated with longer overall survival time than those with low expression in GSE14520 (Figure S3A) and IGGC- 
LIHC datasets (Figure S3B). In conclusion, SLC10A1 expression was a reliable genetic biomarker for the prediction of 
survival outcomes in liver cancer population.

Methylation Status of SLC10 Family Genes in Liver Cancer
The UALCAN webpage was browsed to determine the methylation status of SCL10 family genes in liver cancer 
(Figure 4A–G). The methylation levels of SLC10A1, SLC10A4 and SLC10A7 were significantly higher in liver 
cancerous tissues than that in the corresponding normal tissues, while SLC10A2, SLC10A3, SLC10A5 and SLC10A6 
showed the opposite results in liver cancer. Then, we downloaded the original sequencing data from UCSC Xena, and 
applied GraphPad Prism to draw the scatter figures. As displayed in the scatter plots (Figure 4H–N), the expression of 
SLC10A1 was strongly associated with its DNA methylation with an inverse coefficient (r = −0.7067, P < 0.0001), which 
could perfectly explain its low expression in liver cancer. We also observed that the expression of SLC10A5 was 
reversely correlated with its DNA methylation in liver cancer (r = −0.419, P < 0.0001).

Enrichment Analysis
In order to explore the biological signals of SLC10 family genes in liver cancer, we performed the enrichment analysis. 
As shown in Figure S4, we found that the SLC10 family genes are mainly involved in bile acid and bile salt transport, 
monocarboxylic acid transport, organic hydroxy compound transport, organic anion transport, lipid transport, lipid 
localization, sodium ion transport and heparin biosynthetic process. Other molecular function and cellular component 
of SLC10 family genes are also listed in Figure S4.

Immune Analysis of SLC10 Family Genes in Liver Cancer
First, we explored the role of SLC10 family genes in immune and molecular sub-types in liver cancer via the TISIDB 
website. Immune subtypes of liver cancer are generally divided into four typical types: C1 (wound healing), C2 (IFN- 
gamma dominant), C3 (inflammatory) and C4 (lymphocyte depleted). In liver cancer (Figure 5A–D), we noticed that the 

Journal of Hepatocellular Carcinoma 2022:9                                                                                      https://doi.org/10.2147/JHC.S392586                                                                                                                                                                                                                       

DovePress                                                                                                                       
1419

Dovepress                                                                                                                                                             Tian et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=392586.docx
https://www.dovepress.com/get_supplementary_file.php?f=392586.docx
https://www.dovepress.com/get_supplementary_file.php?f=392586.docx
https://www.dovepress.com/get_supplementary_file.php?f=392586.docx
https://www.dovepress.com/get_supplementary_file.php?f=392586.docx
https://www.dovepress.com/get_supplementary_file.php?f=392586.docx
https://www.dovepress.com
https://www.dovepress.com


expression of SLC10A1, SLC10A3, SLC10A5 and SLC10A7 was remarkably different among four immune subtypes 
(C1, C2, C3, and C4). In particular, we only found that SLC10A3 mRNA was weakly expressed in C4 (lymphocyte 
depleted), which indicates that SLC10A3 was closely correlated to the abundance of lymphocytes in liver cancerous 
tissues. Then, we also determined the expressions of SLC10 family genes in the different molecular sub-types of liver 
cancer. Molecular subtypes of liver cancer are divided into three types: iCluster 1, iCluster 2 and iCluster 3. As listed in 
Figure 5E–H, the expression levels of SLC10A1, SLC10A3 and SLC10A5 were significantly different among the three 
molecular subtypes of liver cancer, whereas no statistical difference was regarding SLC10A7. Collectively, we concluded 

Figure 2 Correlation analysis of SLC10 family genes in liver cancer. Most members of SLC10 family genes were correlated with each other (A). Expression of SLC10A3 was 
reversely associated with SLC10A1 (B) and SLC10A5 (C). Expression of SLC10A6 was strongly correlated with SLC10A7 with a positive coefficient (D).
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that the expressions of SLC10 family genes (SLC10A1, SLC10A3, and SLC10A5) were different molecular subtypes 
and immune subtypes of liver cancer.

Next, we analyzed the correlations between the expression of SLC10 family genes and the abundance of common 
immune infiltrating cells in liver cancer, including CD4+ T cells, CD8+ T cells, B cells, dendritic cells, macrophages and 
neutrophils. From Figure S5A-G, expression of SLC10 family genes was significantly correlated with the abundance of 
six immune infiltrating cells except for SLC10A5. In particular, the correlation is the most significant for SLC10A3 
(Figure S5C). Expression of SLC10A3 was strongly correlated with the abundance of CD4+ T cells (r = 0.452, P = 

Figure 3 Survival curves of SLC10 family genes in liver cancer based on TCGA-LIHC dataset. Expressions of SLC10 family genes ((A) SLC10A1, (B) SLC10A2, (C) 
SLC10A3, (D) SLC10A4, (E) SLC10A5, (F) SLC10A6, (G) SLC10A7) were significantly associated with the overall survival among liver cancer people. Over-expressions of 
SLC10A1 (H), SLC10A2 (I) and SLC10A6 (J) were remarkably linked to the disease-free survival among liver cancer people, while expressions of SLC10A3 (K), SLC10A4 
(L), SLC10A5 (M) and SLC10A7 (N) have no significant relationship with disease-free survival among liver cancer people.
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9.22e−19), dendritic cells (r = 0.46, P = 3.14e−19), macrophages (r = 0.54, P=3.01e−27) and neutrophils (r = 0.443, P = 
4.85e−18), and moderately correlated with B cells (r = 0.384, P = 1.47e−13) and CD8+ T cells (r = 0.332, P = 2.87e−10). 
Owing to the close link between SLC10 family genes and immune infiltrating cells in liver cancer, we also applied 
ssGSEA to verify this relationship. As exhibited in Figure 6A–G, unlike the results from TIMER database, expression of 
SLC10A5 was negatively correlated with NK cells, macrophages and TFH but positively correlated with Th17 cells. As 
SLC10A3 is the most significant SLC10 family member associated with immune cells in liver cancer, we also compared 
the enrichment scores of the nine common immune cells based on the ssGSEA algorithm (Figure 7A–I) using the TCGA- 
LIHC dataset. Except for neutrophils, the enrichment scores of other immune cells were significantly different between 
the high and low SLC10A3 expression groups. We also validated the correlation using the GSE25097 dataset. As shown 
in the following heat map (Figure S6), we also found that the expression of SLC10A3 was positively correlated with 
most types of immune cells, while the correlation was not so significant for SLC10A5, which is almost consistent with 
the results from the TCGA-LIHC dataset. In conclusion, we can also conclude that expression of SLC10 family genes 
was remarkably linked with the abundance of most immune infiltrating cells in liver cancer.

Immunotherapeutic approaches represented by immune checkpoint inhibitors (ICIs) have become more popular in the 
treatment of malignant tumors, including liver cancer.14 Correlation analyses were performed to calculate the correlations 

Figure 4 Methylation status of SLC10 family genes in liver cancer based on TCGA-LIHC dataset. Methylation levels of SLC10 family genes were significantly different 
between normal tissues and malignant liver tissues ((A) SLC10A1, (B) SLC10A2, (C) SLC10A3, (D) SLC10A4, (E) SLC10A5, (F) SLC10A6, (G) SLC10A7). The scatter plots 
of correlations between expression of SLC10 family genes and DNA methylation in liver cancer ((H) SLC10A1, (I) SLC10A2, (J) SLC10A3, (K) SLC10A4, (L) SLC10A5, (M) 
SLC10A6, (N) SLC10A7). **Stands for P<0.01, ***Stands for P<0.0001.
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between SLC10 family genes and immune checkpoints (PD1 and PD-L1) in liver cancer. From the scatter plots 
(Figure 8A–N), we observed that the levels of PDCD1 (PD-1) were negatively correlated with SLC10A1 (r = −0.394, 
P = 3.11e−15) and SLC10A5 (r = −0.232, P = 6.41e−6), and positively associated with SLC10A3 (r = 0.416, P = 1e−16). In 
contrast, the expression of CD274 (PD-L1) was positively correlated with SLC10A3 (r = 0.315, P = 5.71e−10), SLC10A6 

Figure 5 Expression of SLC10 family genes in liver cancer with different immune subtypes and molecular subtypes. Expression of SLC10A1 (A), SLC10A3 (B), SLC10A5 
(C), SLC107 (D) is significantly different among five immune subtypes of liver cancer. Expression of SLC10A1 (E), SLC10A3 (F), SLC10A5 (G) is significantly different among 
three molecular subtypes of liver cancer, while expression of SLC10A7 (H) is not significantly different in three molecular subtypes of liver cancer.
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(r = 0.425, P = 1.08e−17) and SLC10A7 (r = 0.432, P = 2.84e−18). In brief, SLC10A3 was not only positively correlated 
with CD274 in liver cancer but also positively associated with PDCD1.

Results of Multispectral Imaging Analysis
We collected the tissues from 32 patients with liver cancer who underwent surgical removal of the tumor at the Renmin 
hospital of Wuhan University, and then we constructed the TMA containing 32 cases of malignant tissues and 32 
paracancerous tissues. A total of seven markers (SLC10A3, CD4, CD20, CD68, DAPI, PD-1 and PD-L1) were selected 
for the multiple staining, and the four markers (CD4, CD20, CD68 and DAPI) corresponded to CD4 T cells, CD20 
B cells, macrophage and nuclei. The single-marker images and merged pictures from the malignant tissues are displayed 
in Figure 9A–J, and those from the para-cancerous tissues are shown in Figure S7A-J. We quantified the levels of six 
markers ((SLC10A3, CD4, CD20, CD68, PD-1 and PD-L1)) in each tissues from the total area, tumor area and stromal 
area, including percentage of positive cells, cell density and average cell intensity. As shown in Figure 10, the percentage 
of positive cells, cell density and average cell intensity were higher in HCC tissues than in normal tissues not only in the 
total area but also in the tumor area and stromal area.

Finally, we employed the Spearman correlation analysis to quantify the correlation between SLC10A3 protein and 
immune cells (CD4 T cells, CD20 B cells, macrophages). As for total area and tumor area from malignant tissues, 
although we found some weak relationship between them, the relationships were of no statistical significance (Table 2). 
For stromal areas in malignant tissues, we observed significant correlations between SLC10A3 protein expression and 
infiltration levels of CD4 T cells, CD20 B cells, macrophages in terms of cell density, average cell intensity and 
percentage of positive cells (Table 2), which was consistent with the transcription results from the TCGA-LIHC dataset. 
Furthermore, we quantified the potential relationship between SLC10A3 protein expression and PD-1 and PD-L1 
expression both in the malignant tissues and normal tissues. As PD-1 and PD-L1 are mostly expressed in the stromal 
tissues, we noticed that SLC10A3 protein expression was positively correlated with the density of PD-1 protein in 
malignant tissues (Table 2). In summary, the multiplexed immunohistochemical assay basically validated the immune 
correlation of SLC10A3 in liver cancer.

Figure 6 Correlation analyses of SLC10 family genes and 24 immune cells measured by ssGSEA in liver cancer. (A) SLC10A1, (B) SLC10A2, (C) SLC10A3, (D) SLC10A4, 
(E) SLC10A5, (F) SLC10A6, (G) SLC10A7.
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Discussion
Liver cancer is a malignant tumor with great heterogeneity resulting from the accumulation of genetic alterations and 
epigenetic reprogramming,15,16 and a better understanding of its occurrence and progression at a genetic level is 
important for the identification of ideal therapeutic targets. The expression of certain transporters in liver cancer and 
their functions in the uptake of small-molecule metabolites into cells make them promising targets for therapeutic agents 
in liver cancer.17 SLC10 family genes encode for transporters; however, their functions in liver cancer have not been 
reported. To our knowledge, this study is the first to uncover the clinical and immune relevance of the SLC10 family 
genes in liver cancer. Low expression of SLC10A1 is indicative of poor tumor grade and advanced tumor stage in liver 
cancer. SLC10A1 expression exhibited the most significant correlation with survival outcomes in patients with liver 

Figure 7 Comparison of enrichment score of nine immune cells between low and high SLC10A3 groups in HCC tissues based on the ssGSEA algorithm. (A) B cells. (B) 
CD8 T cells. (C) CD4+ T cells. (D) macrophages. (E) Neutrophils. (F) Dendritic cells. (G) Mast cells. (H) Eosinophils. (I) NK cells. *Stands for P<0.05, **Stands for P<0.01, 
***Stands for P<0.0001. 
Abbreviation: ns, no significance.
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cancer. SLC10A1 and SLC10A5 expression were inversely correlated with the DNA methylation in liver cancer. In 
addition, we noticed that the SLC10 family genes were correlated with each other.

SLC10A1 is a transporter of Na+-bile acid, which plays a key role in the hepatic uptake of bile acids.18 Binh et al19 

reported that the NTCP S267F variant of SLC10A1 displays protective effects against HBV infection, which is correlated 
with a reduced risk of liver cirrhosis or even liver cancer. However, fewer studies have demonstrated the clinical 
relevance and prognostic role of SLC10A1 in liver cancer. Our collective analysis showed that the expression of 
SLC10A1 transcription was inversely correlated with tumor grade and negatively associated with TNM stage in liver 
cancer. Further survival analyses uncover that increased expression of SLC10A1 transcription predicts relatively 

Figure 8 Correlation analyses of SLC10 family genes and immune checkpoints (PD1 and PD-L1) measured by TIMER algorithm in liver cancer. (A) Correlation between 
CD274 and SLC10A1. (B) Correlation between PDCD1 and SLC10A1. (C) Correlation between CD274 and SLC10A2. (D) Correlation between PDCD1 and SLC10A2. 
(E) Correlation between CD274 and SLC10A3. (F) Correlation between PDCD1 and SLC10A3. (G) Correlation between CD274 and SLC10A4. (H) Correlation between 
PDCD1 and SLC10A4. (I) Correlation between CD274 and SLC10A5. (J) Correlation between PDCD1 and SLC10A5. (K) Correlation between CD274 and SLC10A6. (L) 
Correlation between PDCD1 and SLC10A6. (M) Correlation between CD274 and SLC10A7. (N) Correlation between PDCD1 and SLC10A7.
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favorable survival outcomes in liver cancer patients not only in the TCGA-LIHC dataset but also in the GSE14520 and 
IGGC-LIHC datasets. Hence, family gene analysis identifies SLC10A1 as a potential suppressor gene in liver cancer.

Immune cells in cancer tissues are usually investigated by pathologists via immunohistochemical staining. The results 
of semi-quantitative assessment are the crude estimations of immune cell counts in tissues, and different immune cells 
must be stained in consecutive tissue sections, which is very inconvenient, and highly dependent on the pathologist’s 
experience. The multispectral imaging method, based on one TMA section, provides accurate localization and quanti-
fication of immune cells in cancerous tissues and their normal specimens.20 The application of the multispectral imaging 
technique in our analysis not only provided us with the distribution and quantification of immune cells in liver cancer but 
also successfully verified the correlations between SLC10A3 expression and immune cells, which offers clinical 
references in the era of immunotherapy. Carstens et al21 used this technology to enhance our knowledge of how specific 
stromal composition in pancreatic cancer affects T-cell activity. Mezheyeuski et al22 adopted this method to uncover the 
distinct immune profiles in lung cancer tissues. As far as concern, this is the first clinical report to validate the immune 
correlation of certain oncogene in liver cancerous tissues via multispectral imaging technique. The multispectral imaging 
technique could not only quantify multiple protein in tumor tissues but also in stromal tissues from via cell density and 
percentage of positive cell, which was perfectly suitable for the validation of tumor immune microenvironment. Our 
study provides the important reference for the clinical validation of immune correlation in cancerous tissues.

Figure 9 Seven-colour multiplex analysis of human malignant liver tissues. (A) Representative image showing the same TMA core after multispectral imaging. (B) Cell 
phenotype map defined by the seven markers in the multiplex staining. (C-I) Each of the individual markers in the composite image after spectral unmixing ((C) SLC10A3, 
(D) CD4, (E) CD20, (F) CD68, (G) DAPI, (H) PD-1, (I) PD-L1). (J) The merged picture of seven markers after multispectral imaging. (A) Is the entire view of one case of 
malignant liver tissue, and the yellow box is the random area for magnified view, which is corresponding to (C–J) with different markers.
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As for immune correlation, expression of SLC10A7 exhibited strong correlation with T helper cells, and SLC10A6 
displayed strong association with TCM in liver cancer. Moreover, SLC10A3 showed close relationship with most 
immune cells in liver cancer, which is consistent with the immune association from TIMER database. The close 
association between SLC10A3 expression and immune sub-types, molecular subtypes of liver cancer, makes 
SLC10A3 a promising immune biomarker in liver cancer. As mentioned above, it is not easy to simultaneously validate 
the correlations of SLC10A3 with several types of immune cells in a TMA. We used the seven-color immunohisto-
chemical multiplex to label different immune cells, and we also found that expression of SLC10A3 protein was also 
correlated with stromal CD4 T cells, CD20 B cells and macrophages on the protein levels in the TMA slide, and this 

Figure 10 Comparison of expression of SLC10A3 at the protein level between normal liver tissues and HCC tissues. (A) total SLC10A3 positive cells (%), (B) total 
SLC10A3 cell density, (C) total SLC10A3 average cell intensity, (D) tumor SLC10A3 positive cells (%), (E) tumor SLC10A3 cell density, (F) tumor SLC10A3 average cell 
intensity, (G) stromal SLC10A3 positive cells (%), (H) stromal SLC10A3 cell density, (I) stromal SLC10A3 average cell intensity. *Stands for P<0.05, **Stands for P<0.01, 
***Stands for P<0.0001. 
Note: The small plots stand for outliers.
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correlation was more apparent in liver cancerous tissues than that in normal liver tissues. Collectively, our analysis 
reveals that SLC10A3 exhibits the most significant relationships with immune cells, which indicates that SLC10A3 
might play a critical role in the regulation of immune response in liver cancer.

Knowledge obtained from substantial translational researches highlights the importance of targeting the tumor micro-
environment in liver cancer to improve the efficacy of immunotherapy.23,24 At the genetic level, SLC10A3 expression was 
closely correlated with PDCD1 (PD-1) and CD274 (PD-L1) expression. As mentioned above, the multiplexed immuno-
histochemical technique is an appropriate method to investigate the tumor microenvironment, which can comprehensively 
assess the composition and distribution of target proteins and immune cells in the TME. We used this technique to validate 
whether a close association existed at the protein level. We found that SLC10A3 protein in stromal cells was significantly 
correlated with PD1 in malignant tissues, and co-expression indicated that liver cancer individuals with high expression of 
SLC10A3 protein in stromal tissues might be suitable for PD-1 immunotherapy. In summary, our findings indicated that 
SLC10A3 may play a role in the regulation of immunotherapy in liver cancer.

Our study was based on the comprehensive bioinformatic and multispectral imaging, but several unavoidable 
limitations exist in our analysis. Our analysis attempted to reveal the prognostic significance and immune relevance of 
SLC10 family genes in liver cancer, so we only used multispectral imaging to verify the immune correlation of 
SLC10A3. We did not confirm the immune association of other SLC10 family members in TMA via multispectral 
imaging due to their weak relationship with immune cells. Although we assess the correlations between SLC10 family 
members and immune cells both on the genetic and protein levels, we could not investigate the predictive abilities of 
them for immunotherapy. Finally, our experimental results are mainly based on a relatively small cohort of 32 patients 
with liver cancer, so our conclusions should be explained with caution, and should be further validated in multi-center 
studies with sufficient participants.

Conclusion
This is the first research to reveal the clinical relevance and immune association of SLC10 family genes in liver cancer. 
The members of SLC10 family genes are correlated with each other. SLC10A3 exhibited the most significant relationship 
with immune cells revealed by bioinformatic and multispectral imaging, indicating that SLC10A3 might play a critical 
role in the regulation of immune response in liver cancer.

Data Sharing Statement
The datasets and original data used and/or analyzed during the current study are available from the corresponding authors 
on reasonable request.

Table 2 Correlation Analysis of SLCA3 Expression with Common Immune Related 
Markers in Malignant Liver Tissues

Correlation CD4 CD20 CD68 PD1 PDL1

Total: SLC10A3 Positive Cells (%) 0.017 0.107 −0.017 −0.020 −0.068

Total: SLC10A3 Cell Density (/mm²) 0.131 0.334 0.113 0.085 0.041

Total: SLC10A3 Avg Cell Intensity 0.183 0.121 0.111 0.173 0.274
Tumor: SLC10A3 Positive Cells (%) 0.105 0.336 0.019 −0.026 0.027

Tumor: SLC10A3 Cell Density 

(/mm²)

0.131 0.334 0.113 0.086 0.041

Tumor: SLC10A3 Avg Cell Intensity −0.088 0.252 −0.141 −0.122 −0.005

Stroma: SLC10A3 Positive Cells (%) 0.4303* 0.4766* 0.4556* 0.2896 −0.0244
Stroma: SLC10A3 Cell Density 

(/mm²)

0.5676** 0.5712** 0.5333** 0.4475* 0.07472

Stroma:SLC10A3 Avg Cell Intensity 0.703** 0.389* 0.644** 0.571** 0.499**

Notes: *Stands for P<0.05, **Stands for P<0.01.
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