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ABSTRACT
Hepatocellular carcinoma (HCC) is the most common subtype of liver cancer. Many patients with 
hepatocellular carcinoma are diagnosed at an advanced stage because the early symptoms are 
not obvious. For advanced hepatocellular carcinoma, immunotherapy and targeted therapy seem 
to be a promising direction. Finding a new prognostic marker for hepatocellular carcinoma and 
exploring its role in the immune microenvironment is of great value. ABCC transporters have 
previously been associated with drug resistance in hepatocellular tumors, but the exact mechan
ism remains unclear. Here, we conducted a study on ABCC5 in HCC and found that the expression 
of ABCC5 was up-regulated in HCC and was associated with poor prognosis. Further exploration 
revealed that ABCC5 was associated with immune infiltration of hepatocellular carcinoma. Single- 
cell analysis revealed a potential relationship between ABCC5 and immune cell differentiation. 
Therefore, it is significant to continue to explore the role of ABCC5 in hepatocellular carcinoma.

ARTICLE HISTORY
Received 4 August 2021  
Revised 10 August 2021  
Accepted 11 August 2021  

KEYWORDS
Hepatocellular carcinoma; 
ATP-binding cassette 
transporter; ABCC 
transporter; single cell 
analysis; immune cell 
differentiation

Transporters on the cell membrane mediate the 
transport of a variety of substrates, including 
endogenous substances, exogenous substances, 
ions, drugs, etc [1]. The solute carrier transporter 
and ATP-binding cassette transporter family are 
the most important transporters in biology [2–4]. 
Among them, ABC transporters are widely 
expressed from bacteria to mammals [5]. By bind
ing and hydrolyzing ATP, ABC transporters power 
the transport of a wide variety of substrates [2]. 
ABC transporter plays an important role in human 
physiology, pathophysiology, pharmacology, and 
toxicology [6].

The ABCC transporter family is one of the 
major members of the ABC transporter superfam
ily, including multidrug resistance-associated pro
teins (MRPs), sulfonylurea receptors (SURs), and 
cystic fibrosis transmembrane conductance regu
latory proteins (CFTR) [7]. The largest member of 

the ABCC transporter family is MRPs, including 
MRP1 (ABCC1), MRP2 (ABCC2), MRP3 
(ABCC3), MRP4 (ABCC4), MRP5 (ABCC5), 
MRP6 (ABCC6), MRP7 (ABCC10), MRP8 
(ABCC11), MRP9 (ABCC12) and MRP10 
(ABCC13) [8]. Among them, ABCC5 mediates 
the transmembrane transport of cyclic nucleotides 
or nucleotide analogs and is currently found to be 
poorly expressed in many normal tissues, includ
ing hepatocytes [9]. However, in liver cells, total 
parenteral nutrition or toxic allyl alcohol therapy 
can induce the up-regulation of ABCC5 expression 
[10]. In LPS-treated rats, ABCC5 expression was 
strongly induced in liver cells [11]. It can be seen 
that ABCC5 may be related to liver inflammation, 
but the specific mechanism is still unclear.

Hepatocellular carcinoma is the most common 
type of primary liver cancer [12]. In 2018, hepato
cellular carcinoma was the sixth most common 
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and the fourth most deadly worldwide [13]. 
Because the early symptoms of HCC are not 
obvious, a large proportion of HCC patients are 
already advanced when they are diagnosed [14]. 
Therefore, finding a novel biomarker for hepato
cellular carcinoma is of great significance for the 
prognosis of HCC patients. At present, the 
exploration of the immune microenvironment of 
hepatocellular carcinoma is in full throttle, and the 
application of immune checkpoint inhibitors in 
advanced hepatocellular carcinoma has achieved 
a good initial effect [15]. However, the current 
understanding of the immune microenvironment 
of hepatocellular carcinoma is far from sufficient. 
Further exploration of the immune pattern of 
hepatocellular carcinoma has profound implica
tions for understanding its pathogenesis and estab
lishing more effective treatment regimens.

Single-cell sequencing (scRNA-seq) is 
a revolutionary scientific research technology 
[16]. Single-cell sequencing focuses first on differ
ences in cell state and then on differences in gene 
expression [17]. ScRNA-seq analysis can be used 
to perform cluster analysis according to the gene 
expression of individual cells [18]. Based on cluster 
analysis, we were able to identify new and unique 
immune cell subsets in health and disease, describe 
random heterogeneity between immune cell 
groups, and construct developmental “tracks” of 
immune cells [16].

In this study, we performed the expression ana
lysis, prognostic analysis, immune infiltration ana
lysis, and single-cell analysis to explore the role of 
ABCC5 in HCC. Our results can provide some 
references for diagnosis and treatment of HCC.

Methods

Data downloading and processing

We downloaded transcriptome data and clinical 
data from UCSC Xena. At the same time, we 
downloaded the transcriptome data (LIHC-count 
and LIHC-FPKM) and clinical data of 371 HCC 
and 50 normal liver tissues from the TCGA web
site. Then, 338 patients with both clinical data and 
transcriptome data of 17,689 encoding gene 
expression were obtained by excluding the data 
with survival time equal to 0 and the data with 

gene expression number less than 32. The LIHC- 
count data of HCC were subsequently analyzed for 
the difference. After the LIHC-FPKM data type is 
converted to THE LIHC-TPM, the subsequent 
analysis is performed. We also downloaded 
a single-cell sequencing dataset (GSE146115) for 
HCC from the Gene Expression Omnibus(GEO) 
database. By eliminating the cells with a total num
ber of genes less than 300, a total expression of 
genes greater than 7000, a percentage of mito
chondrial genes greater than 5, and a proportion 
of red blood cell genes greater than 3, 19,788 genes 
and 2587 cells were finally obtained.

TIMER2.0 database

TIMER2.0 database (http://timer.cistrome.org/) 
was used to perform the expression analysis. We 
click the “exploration” module and enter the gene 
“ABCC5” in the “Gene Expression” module to 
obtain the expression of this gene in pan-cancer.

Oncomine database

The Oncomine database (https://www.oncomine. 
org/resource/login.html) was used as the expres
sion analysis. We entered the gene “ABCC5” in the 
“searching” box, and then obtained the expression 
of the gene in a variety of cancers.

Univariate COX regression

To exclude the effects of confounders, univariate 
COX regression was performed to explore the 
prognostic value of ABCC in pan-cancer. The 
indicators included overall survival (OS), disease- 
specific survival (DSS), and progression-free survi
val (PFS).

Multivariate COX regression

In order to find independent prognostic factors for 
HCC, we combined ABCC5 gene expression with 
other disease-related factors, including pathologi
cal stage, T stage, gender, age, etc., to conduct 
multivariate COX regression.
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Immune infiltration analysis

Using the “CIBERSORT” code data available and 22 
immune cell comparison documents on the 
CIBERSORT website, we calculated the immune 
cell infiltration in HCC samples. At the same time, 
we eliminated immune cells with 0 gene expression, 
and finally obtained the proportion of each immune 
cell.

Single-cell dimension reduction analysis and 
cluster analysis

The highly variable gene was set at 3000, and the 
10 most prominent markers were identified. And 
then we normalized the data and scaled all the 
RNAs. Next, PCA principal component analysis 
was performed on the basis of the 3000 highly 
variable genes, and the number of PC was set as 
6. Finally, the clustered cell cluster was obtained 
through the tSNE method.

Cell subpopulation annotation

We distinguish immune cells from nonimmune cells 
by their marker genes (EPCAM, PTPRC, COL2A1). 
All the cells are then annotated through the 
“singleR” package to get the cell type for each cluster.

Pseudotime analysis

The “Monocle” R package was used to predict the 
differentiation state and trajectory of immune 
cells, and the distribution of different cell clusters 
in the differentiation process could be analyzed.

Cistrome database

In the Cistrome database, we used the function of 
Cistrome cancer and then clicked the module of 
“Cancer Transcription Factor Targets” to obtain 
a list of Transcription factors, including 317 
potential Transcription factors of ABCC5.

Co-expression analysis

Pearson correlation analysis was conducted 
between the expression of the ABCC5 gene and 
all other genes, and the conditions of 

COR>0.6&P < 0.05 were set to obtain the co- 
expressed genes of ABCC5. Then, we demon
strated the expression pattern of these co- 
expressed genes during the differentiation of 
immune cells by heat map.

Gene enrichment analysis

The input co-expressed genes (COR > 
0.6&P < 0.05) were compared with the background 
gene set through the “GOplot” R package for 
enrichment analysis. The Gene Ontology enrich
ment consists of three parts: molecular function, 
biological process, and cell composition.

Gene Set Variation Analysis (GSVA)

We used the “GSVA” package for GSVA analysis. 
First, we downloaded the gene set “HALLMARK” 
from the GSEA website as the background gene set 
for subsequent analysis. Then, the enrichment score 
of each sample in the pathway was obtained. Finally, 
the different pathways of the ABCC5 high expression 
group and low expression group were analyzed by 
“LIMMA” package, and the different pathways of the 
ABCC5 high expression group and the low expres
sion group were finally obtained (P < 0.05), which 
were displayed in the form of the rotated bar chart.

Results

Expression of ABCC5 in pan-cancer

As shown in (Figure 1(a)), ABCC5 was differentially 
expressed in various types of cancer, including 
BRCA, CSEC, GBM, HNSC, HNSC-HPV, KICH, 
KIRC, LIHC, LUAD, LUSC, PCPG, and THCA. 
The expression of ABCC5 was up-regulated in 10 
types of cancer (BRCA, CESC, GBM, HNSC, 
HNSC – HPV, KIRC, LIHC, LUAD, LUSC, 
PCPG), but down-regulated in PCPG and THCA. 
In order to further demonstrate the expression of 
ABCC5 in cancer, we explored its expression 
through the Oncomine database. As shown in 
(Figure 1(b)), The expression of the ABCC5 gene 
was up-regulated in a variety of cancers (including 
breast cancer, esophagus cancer, head and neck can
cer, kidney cancer, liver cancer, lung cancer, etc.).
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The prognostic value of ABCC5 in pan-cancer

We used different methods to evaluate the prog
nostic value of ABCC5 in cancer. As shown in 
(Figure 2), we found that the high ABCC5 expres
sion was associated with significantly reduced 
overall survival in two cancers (LIHC, Figure 2 
(h); LUSC, Figure 2(j)). ABCC5 was highly 
expressed in the above two types of cancer 
(Figure 1(a,b)). To further explore the prognostic 
value of this gene, we used COX regression to 
explore its role in overall survival time (OS), pro
gression-free survival (PFS), and Disease-free sur
vival (DFS) of prognosis. As shown in (Figure 3 
(a-c)), no matter in OS, PFS, or DSS, high expres
sion of ABCC5 is associated with poor prognosis 
of patients with HCC.

Clinical value of ABCC5 expression in HCC

As shown in (Figure 4(a-b)), we found that the 
expression of the ABCC5 gene in HCC was up- 

regulated regardless of whether the HCC and normal 
tissue were paired (p < 0.05), which was consistent 
with our previous findings. Then we investigated the 
relationship between the expression of this gene and 
clinical features and found that the expression of 
ABCC5 was not related to age, and there was no 
significant difference in the expression of this gene 
between HCC patients>60 years old and HCC 
patients≤60 years old (Figure 4(c)). Similarly, we 
also found that in terms of gender, there was no 
significant difference in the expression of this gene 
between male and female HCC patients (Figure 4(d)). 
However, we found that the expression of this gene 
was different in the pathological stage of the tumor 
and the T stage of the tumor. There was a significant 
difference between stage 1 and stage 3 of ABCC5 
(P < 0.05), and the expression level of ABCC5 in 
stage 3 was higher than that in stage 1 (Figure 4(e)). 
At the same time, the expression of this gene was 
different between T1 and T3 (P < 0.05), and the 
expression level of T3 was also higher than that of 
T1 (Figure 4(f)), which may indicate that the 

Figure 1. Expression of ABCC5 in pan-cancer. (a)ABCC5 was differentially expressed in various types of cancer, including Breast 
invasive carcinoma (BRCA), cervical squamous cell carcinoma and endocervical adenocarcinoma (CSEC), Glioblastoma multiforme 
(GBM), Head and Neck squamous cell carcinoma (HNSC), HNSC-HPV, Kidney Chromophobe (KICH), Kidney renal clear cell carcinoma 
(KIRC), Liver hepatocellular carcinoma (LIHC), Lung adenocarcinoma (LUAD), Lung squamous cell carcinoma (LUSC), 
Pheochromocytoma and Paraganglioma (PCPG), and Thyroid carcinoma (THCA). * P < 0.05, ** P < 0.01, and *** P < 0.001. (b)The 
expression of the ABCC5 gene was up-regulated in a variety of cancers (including breast cancer, esophagus cancer, head and neck 
cancer, kidney cancer, liver cancer, lung cancer, etc.).
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increased expression level of this gene is closely 
related to the progress of the tumor. Then, we eval
uated the diagnostic value of this gene in HCC by 

plotting the ROC curve and PRC curve. It was found 
(Figure 4(g)) that the AUC under the ROC curve was 
0.929, while the AUC under the PRC curve was 0.990, 

Figure 2. The prognostic value of ABCC5 in pan-cancer. (a)High ABCC expression has no prognostic value in BRCA (p = 0.578). (b) 
High ABCC expression has no prognostic value in GBM (p = 0.199). (c)High ABCC expression has no prognostic value in KICH 
(p = 0.944). (d)High ABCC expression has no prognostic value in KIRC (p = 0.156). (e)High ABCC expression has no prognostic value 
in THCA (p = 0.313). (f)High ABCC expression has no prognostic value in CESC (p = 0.506). (g)High ABCC expression has no 
prognostic value in HNSC (p = 0.382). (h)High ABCC expression is associated with poor prognosis of LIHC (p = 0.009). (i)High ABCC 
expression has no prognostic value in PCPG (p = 0.352). (j)High ABCC expression is associated with poor prognosis of LUSC 
(p = 0.009). (k)High ABCC expression has no prognostic value in LUAD (p = 0.659).

Figure 3. Considering that the survival analysis was influenced by multiple variables of the patient, univariate Cox regression was 
performed to reduce the influence of other variables. (a)COX regression showed that ABCC5 was a predictor of overall survival 
(p < 0.001). (b)COX regression showed that ABCC5 was a predictor of progression-free survival (p < 0.001). (c)COX regression showed 
that ABCC5 was a predictor of disease-free survival (p < 0.001).
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suggesting that this gene could be a good potential 
diagnostic marker for HCC.

Univariate and multivariate COX analysis

In order to evaluate whether ABCC5 can be an 
independent prognostic factor in HCC, univariate 
and multivariate COX analyses were performed. 
As shown in (Figure 5(a)), it was found that in 
univariate COX analysis, ABCC5 expression, 
pathological stage, and T stage of tumor were 

correlated with prognosis (P < 0.05), but in multi
variate COX analysis (Figure 5(b)), only ABCC5 
was correlated with prognosis (P < 0.05). These 
results suggest that ABCC5 can be an independent 
prognostic factor in HCC.

Immune infiltration analysis

We used the CIBERSORT method to evaluate the 
infiltration of immune cells in HCC. (Figure 6(a)) 
shows the proportion of immune cells in each 

Figure 4. Clinical value of ABCC5 expression in HCC. (a)Without matching between HCC and normal tissues, ABCC5 gene expression 
in HCC was up-regulated (P < 0.05). (b)The expression of ABCC5 gene in HCC was up-regulated (P < 0.05) after random matching 
between HCC and normal tissues. (c)The expression of ABCC5 was not related to age, and there was no significant difference in the 
expression of this gene between HCC patients>60 years old and HCC patients≤60 years old. (d)There was no significant difference in 
the expression of ABCC5 between male and female HCC patients. (e)There was a significant difference between stage 1 and stage 3 
of ABCC5 (P < 0.05), and the expression level of ABCC5 in stage 3 was higher than that in stage 1. (f)The expression of this gene was 
different between T1 and T3 (P < 0.05), and the ABCC5 expression level of T3 was higher than that of T1. (g, h)We evaluated the 
diagnostic value of ABCC5 in HCC by plotting the ROC curve (Figure 4(g)) and PRC curve (Figure 4(h)). It was found that the AUC 
value of ROC curve was 0.929, and the AUC under the PRC curve was 0.990, suggesting that this gene could be a good potential 
diagnostic marker for HCC.

Figure 5. Univariate and multivariate COX analysis. (a) In univariate COX analysis, ABCC5 expression, pathological stage, and T stage 
of tumor were correlated with prognosis of HCC (P < 0.05) (b)In multivariate COX analysis, only ABCC5 was correlated with prognosis 
(P < 0.05).
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Figure 6. Immune infiltration analysis. (a)The proportion of immune cells in each HCC patient. Macrophages and T cells were the 
main immune cells in HCC patients. (b)There were 9 different immune cell expressions between the low ABCC5 expression group 
and high ABCC5 expression group, including B cell memory, T cell CD8, T cells CD4 memory resting, T cells Follicular helper, T cells 
regulatory (Tregs), Monocytes, Macrophages M0, Macrophage M2, Dendritic cells activated. In addition, B cell memory, T cells CD4 
memory activated, T cells Follicular helper, T cells regulatory (Tregs), Macrophages M0, and macrophagic cells activated were up- 
regulated in the high ABCC5 expression group (P < 0.05). T cell CD8, Monocytes, Macrophages M2 were down-regulated in the high 
ABCC5 expression group (P < 0.05). (c-l)Correlation analysis was conducted between the expression of ABCC5 gene and immune 
cells, and it was found that ABCC5 gene was correlated with 10 kinds of immune cells (P < 0.05), among which the immune cells 
positively correlated with ABCC5 were: T cells follicular helper, macrophagic cells resting, Macrophages M0, Eosinophils, B cells 
memory. ABCC5 negatively related immune cells were: T cell CD8, NK cells resting, Monocytes, Mast cells resting, Macrophage M1 
(P < 0.05). (m)The intersection of the immune cells obtained by the above two methods got 6 types of significant immune cell. They 
were: Macrophages M0, Monocytes, Dendritic cells resting, B cells memory, T cells CD8, T cells Follicular Helper.
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HCC patient. We found that macrophages and 
T cells were the main immune cells in HCC 
patients. Then we divided HCC samples into low 
ABCC5 expression group and high ABCC5 
expression group according to the median 
ABCC5 expression value. It was found that there 
were 9 different immune cell expressions between 
the low ABCC5 expression group and high 
ABCC5 expression group (Figure 6(b)), including 
B cell memory, T cell CD8, T cells CD4 memory 
resting, T cells Follicular helper, T cells regulatory 
(Tregs), Monocytes, Macrophages M0, 
Macrophage M2, Dendritic cells activated. In addi
tion, B cell memory, T cells CD4 memory acti
vated, T cells Follicular helper, T cells regulatory 
(Tregs), Macrophages M0, and macrophagic cells 
activated were up-regulated in the high ABCC5 

expression group (P < 0.05). T cell CD8, 
Monocytes, Macrophages M2 were down- 
regulated in the high ABCC5 expression group 
(P < 0.05).

Correlation analysis was conducted between the 
expression of ABCC5 gene and immune cells, and 
it was found that ABCC5 gene was correlated with 
10 kinds of immune cells (P < 0.05), among which 
the immune cells positively correlated with 
ABCC5 were: T cells follicular helper, macropha
gic cells resting, Macrophages M0, Eosinophils, 
B cells memory. ABCC5 negatively related 
immune cells were: T cell CD8, NK cells resting, 
Monocytes, Mast cells resting, Macrophage M1 
(P < 0.05). Finally, we took the intersection of 
the immune cells obtained by the above two meth
ods and finally got 6 types of significant immune 

Figure 7. Single-cell quality control and dimension reduction cluster analysis. (a)The total gene expression of each cell fluctuated 
from 0 to 300,000. In addition, both the number of gene expressions in each cell and the sum of gene expression in the 4 samples of 
HCC were relatively similar. At the same time, we found that the percentage of mitochondrial genes and red blood cell genes was 
less than 3%. Moreover, the G2M and S phase scores of the cell cycle were basically similar in the four HCC samples, suggesting that 
the cell cycle had no significant impact on the subsequent analysis. (b)The number of genes in the cells was positively correlated 
with the sum of gene expression, with a correlation of 0.8. In addition, the overall trend of the four samples was similar, suggesting 
that there was no significant difference between the number of cells and the number of genes detected in the four samples. (c)3,000 
hypervariable genes from all the genes shown in red and the top 10 hypervariable genes. They were JOHAIN, IGLL5, REG3A, 
HIST1H40, ORP, ELK2AP, SSR4, SPARO, MS4A1, and OOL5. (d)We found that marker genes of immune cells in Cluster 5, 6, 7, and 8, 
especially PTPRC, were highly expressed, suggesting that 5, 6, 7, and 8 might be immune cells. (e)The results of the cell cluster, cell 
“singlerR” annotation, and immune and nonimmune cells and the results of immune cells obtained by immune cell marker gene 
annotation were consistent with those obtained by singleR package annotation.
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cell. They were: Macrophages M0, Monocytes, 
Dendritic cells resting, B cells memory, T cells 
CD8, T cells Follicular Helper.

Single-cell quality control and dimension 
reduction cluster analysis

As shown in (Figure 7(a)), the total gene expres
sion of each cell fluctuated from 0 to 300,000. In 
addition, both the number of gene expressions in 
each cell and the sum of gene expression in the 4 
samples of HCC were relatively similar. At the 
same time, we found that the percentage of mito
chondrial genes and red blood cell genes was less 
than 3%. Moreover, the G2M and S phase scores 
of the cell cycle were basically similar in the four 
HCC samples, suggesting that the cell cycle had no 
significant impact on the subsequent analysis. 
Then, in (Figure 7(b)), we found that the number 
of genes in the cells was positively correlated with 
the sum of gene expression, with a correlation of 
0.8. In addition, the overall trend of the four 
samples was similar, suggesting that there was no 
significant difference between the number of cells 
and the number of genes detected in the four 
samples. We then screened 3,000 hypervariable 
genes from all the genes, shown in red in 
(Figure 7(c)), and tagged the top 10 hypervariable 
genes. They were JOHAIN, IGLL5, REG3A, 
HIST1H40, ORP, ELK2AP, SSR4, SPARO, 
MS4A1, and OOL5. Then we selected the number 
of PC as 6, carried out PCA principal component 
analysis and reduced the latitude, and finally 
obtained 8 cell clusters. Later, we further differen
tiated immune cells and nonimmune cells in HCC 
samples. As shown in (Figure 7(d)), we found that 
marker genes of immune cells in Cluster5, 6, 7, 
and 8, especially PTPRC, were highly expressed, 
suggesting that 5, 6, 7, and 8 might be immune 
cells. Finally, as shown in (Figure 7(e)), we used 
the tSNE diagram to show the results of the cell 
cluster, cell “singlerR” annotation, and immune 
and nonimmune cells and found that the results 
of immune cells obtained by immune cell marker 
gene annotation were consistent with those 
obtained by singleR package annotation. As can 
be seen in the figure, the liver parenchyma cells 
account for a large proportion while immune cells 

account for a small proportion. Immune cells are 
divided into Macrophages, T_cells, and B_cells.

Further analysis of the relationship between 
ABCC5 and immune cells

In order to further explore the relationship 
between the ABCC5 gene and immune cells, we 
first evaluated the expression of the ABCC5 gene 
in immune cells, as shown in (Figure 8(a)). It was 
found that compared with B-cell and T_cell, the 
ABCC5 gene was mainly expressed in Macrophage 
cells (P < 0.001). In order to further study ABCC5 
expression changes during the differentiation of 
immune cells, we used the “Monocle” package to 
map the differentiation trajectory of immune cells, 
as shown in (Figure 8(b)). The darker the blue, the 
earlier the differentiation occurred, that is, the cells 
differentiated from the dark blue branches to the 
lighter blue branches. We found that the upper 
right corner of (Figure 8(b)) indicates seven differ
entiated states of immune cells, with the red at the 
bottom being the earlier ones. The figure in the 
lower-left corner of (Figure 8(b)) indicates that 
with the differentiation of immune cells, the ear
liest differentiated cells may be T-cell, followed by 
B cell and macrophage. The lower-right corner of 
(Figure 8(b)) shows the distribution of different 
immune cell clusters during the differentiation of 
immune cells, that is, red Cluster 5 at the bottom 
may start to differentiate first, then differentiate 
into Cluster 7 and 8, and finally differentiate into 
Cluster 6. At the same time, as shown in (Figure 8 
(c)), during the differentiation of immune cells, 
the expression changes of gene ABCC5 and its co- 
expressed genes were grouped into five modules. 
For example, in the first module, the gene expres
sion was mainly increased first and then decreased 
(including PDCL, DNAJC18, METTL8, etc.). 
ABCC5 gene was included in the pink module, 
suggesting that with the differentiation of immune 
cells, the expression of ABCC5 and other genes in 
the module first increased, then decreased, and 
then increased, which may indicate that ABCC5 
plays an important role in the differentiation of 
immune cells. In (Figure 8(d)), we also explored 
the expression of transcription factors related to 
the ABCC5 gene during the differentiation of 
immune cells, and the results suggested that the 
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Figure 8. The relationship between ABCC5 and immune cells. (a)Compared with B-cell and T_cell, the ABCC5 gene was mainly 
expressed in Macrophage cells (P < 0.001). (b)The differentiation trajectory of immune cells. The darker the blue, the earlier the 
differentiation occurred, that is, the cells differentiated from the dark blue branches to the lighter blue branches. We found that the 
upper right corner of (Figure 8(b)) indicates seven differentiated states of immune cells, with the red at the bottom being the earlier 
ones. The figure in the lower-left corner of (Figure 8(b)) indicates that with the differentiation of immune cells, the earliest 
differentiated cells may be T-cell, followed by B cell and macrophage. The lower-right corner of (Figure 8(b)) shows the distribution 
of different immune cell clusters during the differentiation of immune cells, that is, red Cluster 5 at the bottom may start to 
differentiate first, then differentiate into Cluster 7 and 8, and finally differentiate into Cluster 6. (c)During the differentiation of 
immune cells, the expression changes of gene ABCC5 and its co-expressed genes were grouped into five modules. For example, in 
the first module, the gene expression was mainly increased first and then decreased (including PDCL, DNAJC18, METTL8, etc.). ABCC5 
gene was included in the pink module, suggesting that with the differentiation of immune cells, the expression of ABCC5 and other 
genes in the module first increased, then decreased, and then increased, which may indicate that ABCC5 plays an important role in 
the differentiation of immune cells. (d)Expression of transcription factors related to the ABCC5 gene during the differentiation of 
immune cells, and the results suggested that the expression of transcription factors related to the ABCC5 gene also changed during 
the differentiation of immune cells. (e)The ABCC5 gene was singled out to explore its specific expression changes during the 
differentiation of immune cells. It was found that with the development of differentiation, the expression of the ABCC5 gene first 
decreased, and then increased again when it reached a certain value, suggesting that ABCC5 may play a certain role in the 
differentiation of immune cells in HCC. (f)GO analysis found that the coexpressed genes of ABCC5 were mainly related to RNA 
synthesis and splicing modification.
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expression of transcription factors related to the 
ABCC5 gene also changed during the differentia
tion of immune cells. As shown in (Figure 8(e)), 
the ABCC5 gene was singled out to explore its 
specific expression changes during the differentia
tion of immune cells. It was found that with the 
development of differentiation, the expression of 
the ABCC5 gene first decreased, and then 
increased again when it reached a certain value, 
suggesting that ABCC5 may play a certain role in 
the differentiation of immune cells in HCC. Then 
we further investigated the function of the genes 
co-expressed with ABCC5, and through GO ana
lysis, we found that these genes were mainly 
related to RNA synthesis and splicing modification 
(Figure 8(f)).

Gene Set Variation Analysis (GSVA)

Through GSVA enrichment analysis, we found 
that genes in the ABCC5 overexpression group 
were mainly enriched in cell cycle-related path
ways, such as HALLMARK_MTOTIC_SPINDLE, 
HALLMARK_E2F_TARGETS, 
HALLMARK_G2M_CHECKPOINT pathway 
(Figure 9). These pathways play an important 
role in the occurrence and development of HCC. 
Meanwhile, we found that the ABCC5 low expres
sion group was mainly related to metabolism- 
related pathways, such as 
HALLMARK_XENOBOTIC_METABOLISM, 
HALLMARK_BILE_ACID_METABOLISM, and 
HALLMARK_FATTY_ACID_METABLISM 
(Figure 9).

Figure 9. Gene Set Variation Analysis (GSVA). Genes in the ABCC5 overexpression group were mainly enriched in cell cycle-related 
pathways, such as HALLMARK_MTOTIC_SPINDLE, HALLMARK_E2F_TARGETS, HALLMARK_G2M_CHECKPOINT pathway. These path
ways play an important role in the occurrence and development of HCC. Meanwhile, we found that the ABCC5 low expression group 
was mainly related to metabolism-related pathways, such as HALLMARK_XENOBOTIC_METABOLISM, 
HALLMARK_BILE_ACID_METABOLISM, and HALLMARK_FATTY_ACID_METABLISM.
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Discussion

Despite the rapid development of new treatments 
for cancer, a significant proportion of cancer 
patients are still dying from the development of 
drug resistance that leads to the spread of cancer 
[19]. This has led people to think about how to 
reduce the resistance of tumors while exploring 
new treatment options. It is generally believed 
that the emergence of drug resistance is related 
to the acquisition of new gene mutations by 
tumor cells, the reactivation of growth signaling 
pathways, the active expulsion of drugs by tumor 
cells, and immune reediting [20]. The ABCC 
transporters were formerly known as multidrug 
resistance proteins (MRPs) [2]. This nomenclature 
reflects their importance in tumor drug resistance. 
A large body of evidence has confirmed that 
ABCC transporters are associated with acquired 
drug resistance in a variety of cancers, including 
hepatocellular carcinoma, but the exact mechan
ism remains unclear [21]. ABCC5 is a transporter 
that is poorly expressed in normal hepatocytes but 
is strongly induced to express when hepatocytes 
are injured by exogenous or endogenous sub
stances [11]. Therefore, ABCC5 may play an 
important role in liver diseases, including hepato
cellular carcinoma. Now, developments in the 
tumor microenvironment provide the background 
for our analysis of the role of ABCC transporters 
in HCC. It is time to analyze the role of ABCC5 in 
the tumor microenvironment of hepatocellular 
carcinoma.

In this study, We first conducted a pan-cancer 
analysis of ABCC5, then explored the significance 
of ABCC5 in HCC, and finally conducted a single- 
cell analysis. We found that ABCC5 expression 
was up-regulated in HCC and was associated 
with a poor prognosis. COX regression showed 
that ABCC5 was an independent prognostic indi
cator of HCC. Further studies found that ABCC5 
was associated with immune cell infiltration in 
HCC. Therefore, we performed a single-cell ana
lysis to analyze the role of ABCC5 in the immune 
microenvironment in depth. Single-cell analysis 
revealed that ABCC5 might be related to the dif
ferentiation of immune cells.

Obstacles to improving prognosis in patients 
with hepatocellular carcinoma include an 

incomplete understanding of drug resistance and 
a lack of early prognostic markers [22]. Although 
the ABCC family has been widely believed to be 
associated with resistance in HCC, the specific 
mechanisms are not well understood [2]. We 
found that ABCC5 expression was up-regulated 
in hepatocellular carcinoma, and high ABCC5 
expression was associated with a poor prognosis 
of HCC. To a certain extent, this provides an 
effective prognostic marker for patients with hepa
tocellular carcinoma, which is significant for 
improving the prognosis of patients.

Further exploration of the role of ABCC5 in the 
tumor microenvironment revealed that ABCC5 
expression was correlated with immune cell infiltra
tion. These cells include memory B cells, CD8 + T 
cells, T cells CD4 memory Activated, T cells 
Follicular Helper, T cells regulatory (Tregs), and 
Macrophages M0. As we all know, the immune 
function in the human body is divided into innate 
immunity and acquired immunity, which exists in 
both normal defense and tumor immunity [23]. 
Immunotherapy of tumors is built on these func
tions. Currently, immunotherapy has become the 
most promising tumor treatment regimen, success
fully improving the prognosis of many solid tumors, 
such as melanoma [24]. HCC is a highly immune- 
related tumor [25]. Multiple crosstalks in the 
immune microenvironment of HCC provide the 
possibility of tumor immune escape [25]. We 
found that ABCC5 is associated with immune infil
tration in hepatocellular carcinoma, which provides 
a reference for subsequent exploration of the 
immune microenvironment.

Heterogeneity exists in all tumors, including 
inter-tumor heterogeneity and intra-tumor het
erogeneity [26]. While bulk RNA sequencing has 
provided a milestone role in our understanding 
of cancer genomics, it has limitations [27]. Bulk 
RNA sequencing treated the tumor as an undif
ferentiated whole, ignoring its heterogeneity [28]. 
Single-cell sequencing improves the precision of 
sequencing and allows us to analyze the cancer 
genome at the single-cell level [29]. Hence, sin
gle-cell analysis has greatly promoted the 
exploration of the tumor immune microenviron
ment. Using single-cell analysis, we were able to 
identify immune subsets and map their differen
tiation tracks [29]. In this way, we can not only 
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observe the development and activation state of 
immune cells in the microenvironment of HCC 
but also study the differences in gene expression 
of different subsets and the relationship between 
immune subsets and ABCC5.

Overall, our study provides a novel prognostic 
marker for hepatocellular carcinoma. In addition, 
single-cell analysis can provide some new ideas for 
exploring the immune microenvironment of HCC. 
This can make sense for understanding the immune 
microenvironment of hepatocellular carcinoma.

Conclusion

Hepatocellular carcinoma is a tumor with a poor 
prognosis. ABCC transporters are thought to be 
associated with drug resistance in hepatocellular 
carcinoma. Therefore, we explored the significance 
of ABCC5 in hepatocellular carcinoma. The results 
showed that ABCC5 was associated with poor prog
nosis of HCC, and had a potential relationship with 
immune cell infiltration and differentiation. Our 
study can provide reference for the diagnosis and 
treatment of hepatocellular carcinoma.
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