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Introduction: Hepatocellular carcinoma (HCC) is the most common primary liver
malignancy, predominantly occurring in patients with underlying chronic liver
disease, including cirrhosis. Organic anion transporter polypeptides (OATPs),
encoded by SLCO genes, are one of the most important SLC subfamilies
involved in the cellular uptake of drugs and endobiotic. OATP1B1
(SLCO1B1 gene), OATP1B3 (SLCO1B3 gene), and OATP2B1 (SLCO2B1 gene)
are hepatic uptake transporters highly expressed in the liver. We aimed to
systematically analyze expression levels of SLCO1B1, SLCO1B3, and
SLCO2B1 and to investigate their prognostic role in predicting HCC clinical
outcomes using open-source databases.

Methods: A comparison of HCC and matched normal tissue gene and protein
expression was performed using the TCGA and CPTAC datasets through
UALCAN. The correlation between SLCO gene and protein expression with
patient survival was evaluated using Oncolnc, KM-Plotter, and OSppc. SLCO
genetic alterations in HCC were explored using cBioPortal. A protein-protein
interaction map for SLCO1B1, SLCO1B3, and SLCO2B1 was also constructed
using STRING.

Results: Gene and protein expression levels of SLCO1B1, SLCO1B3, and
SLCO2B1 were significantly downregulated in HCC patients compared to
normal counterparts. Clinically, the low gene expression of SLCOI1BI,
SLCO1B3, and SLCO2B1 was correlated with shorter survival rate in HCC
patients. Kaplan-Meier analysis further confirmed that low protein levels of
these transporters predicted poor prognosis for HCC patients. Analysis of the
TCGA Liver Hepatocellular Carcinoma dataset (TCGA's Pan-Cancer Atlas)
revealed a low mutation and amplification frequency in HCC for SLCO1B1
(0.57% vs. 0.29%), SLCO1B3 (0.86% vs. 0.29%), and SLCO2B1 (0.57% vs.
0.86%), respectively. Network analysis highlighted non-random
interconnectivity among SLCO1B1, SLCO1B3, and SLCO2B1.

Conclusion: SLCO1B1, SLCO1B3, and SLCO2B1 are highly expressed in the liver
and play key roles in many liver diseases. In HCC patients, the downregulation of
SLCOI1B1, SLCO1B3, and SLCO2B1 expression has been observed. SLCO genes
such as SLCO1B1, SLCO1B3, and SLCO2B1 expression levels may also serve as
prognostic predictive markers in HCC patients.

hepatocellular carcinoma, organic anion transporter polypeptides, SLCO genes, survival,
prognostic markers
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1 Introduction

Liver cancer remains a significant global health challenge, with
its incidence increasing worldwide (Llovet et al., 2016; Villanueva,
2019). Annual cases are projected to exceed one million by 2025
2020).
Hepatocellular carcinoma (HCC), the most common form of

(International Agency for Research on Cancer,
liver cancer, accounts for approximately 85% of cases (Aly et al.,
2020). HCC typically arises in patients with underlying chronic liver
disease, particularly cirrhosis, where competing risks of liver failure
contribute to low 5-year survival rates of 18%-20% (Davis et al.,
2008; Golabi et al., 2017).

The pathophysiology of HCC is complex and occurs through a
multistep biological process. The interplay of various factors is at
the origin of the early steps of hepatocyte malignant
transformation and HCC development. These factors include
genetic predisposition, reciprocal interactions between viral and
non-viral risk factors, the cellular microenvironment and various
immune cells, and the severity of the underlying chronic liver
disease (Llovet et al., 2016).

Very few HCC patients are diagnosed during the early stage of
the most effective treatment phase (Jessica et al, 2015). Early
diagnosis of HCC is crucial, and specific biomarkers for auxiliary
examination are tremendously helpful for the prognostic evaluation
of HCC patients in clinical practice (Todd et al., 2008; Li et al., 2018).
For example, AFP is the most used biomarker in the early detection
of HCC and the only biomarker that has been validated for clinical
use, but it has limited sensitivity (Parikh et al., 2020). Despite the
recent noteworthy improvements in the development of new
biomarkers for HCC, it still lacks biomarkers able to predict the
prognosis or identify subgroups of patients who would benefit from
clinical management (Chen V. L. et al.,, 2020; Cerrito et al., 2022).
Therefore, it is urgent to find other biomarkers to evaluate the
prognosis and help clinical management of HCC.

The solute carrier (SLC) superfamily represents the biggest
family of transporters with important roles in health and disease.
SLC superfamily encompasses many involved in the uptake and
distribution of both endogenous compounds and xenobiotics
(Hagenbuch and Stieger, 2013). Among these are the organic
anion transporting polypeptides (OATPs), sodium-independent
plasma membrane transporters encoded by the SCLO genes form
the SLC family 21, which transport many structurally diverse
amphipathic substrates, bile acids, statins, antihypertensives,
antibiotics, antifungals, and chemotherapeutic agents (Hagenbuch
and Stieger, 2013; De Bruyn et al., 2011). Organic anion transporting
polypeptides 1B1 (OATPIBI, encoded by SLCO1B1), OATP1B3
(encoded by SLCO1B3), and OATP2B1 (encoded by SLCO2B1) are
major hepatic uptake transporters (Nies et al., 2013). All three are
highly expressed in the liver (Hilgendorf et al., 2007). OATP1BI is
throughout  the
OATPIB3 expression is concentrated around the central vein
(Konig et al., 2000). Typically, OATP1B1 mRNA levels exceed
those of OATP1B3 in the liver (Michalski et al., 2002). Unlike
the liver-specific expression of OATPIB1 and OATPIB3,
OATP2BI exhibits a broader tissue expression profile (Savannah
etal., 2019). Nevertheless, OATP2B1 mRNA is the most abundant in
the liver, and its protein localizes to the basolateral membrane of
hepatocytes (Kullak-Ublick et al., 2001). OATPs play important

expressed hepatic ~ lobules,  while
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roles in a series of liver diseases, such as hepatitis, liver fibrosis,
cirrhosis, and liver cancer (Li et al, 2019). OATPIB1 and
OATP1B3 are generally downregulated in hepatic tumors to
varying degrees in different studies (Schulte and Ho, 2019).
Studies have also shown that decreased expression of OATPs is
significantly associated with HCC-related death after relapse (Li
etal., 2019). Vasuri et al. correlated the expression of OATP1BI1 and
OATP1B3 with HCC morphological features and the expression of
bile keratin K7 and K19 [associated with a poor prognosis after
orthotopic liver transplantation (OLT)] by observing the liver of
69 patients with HCC liver transplantation (OLT) (Vasuri
et al,, 2011).

In this study, we aimed to systematically analyze expression
levels of SLCO1B1, SLCO1B3, and SLCO2B1 and to investigate their
prognostic role in predicting HCC clinical outcomes using open-
source databases.

2 Materials and methods

2.1 Gene expression levels of SLCO1B1,
SLCO1B3, and SLCO2B1 in normal and
cancer tissues

RNA-sequencing data from the GTEx consortium (http://www.
gtexportal.org) (Marta et al., 2015) were analyzed to investigate
SLCO1B1, SLCO1B3, and SLCO2B1 gene expression levels across
human tissues.

All data were browsed and searched by gene symbols.
Relationships SLCO1B1, SLCO1B3, and
SLCO2B1 mRNA expression and clinicopathological features,

between

including sex, nodal metastasis status, cancer stage, and tumor
grade in HCC patients, were analyzed in the TCGA dataset using
UALCAN (http://ualcan.path.uab.edu/index.html) (Chandrashekar
et al,, 2017). The UALCAN portal features data from the TCGA
database, comprising 371 HCC tissue samples and 50 normal liver
tissue samples.

2.2 Protein expression levels of SLCO1B1,
SLCO1B3, and SLCO2B1 in normal and
cancer tissues

To further examine protein expression levels of SLCOIBI,
SLCO1B3, and SLCO2BI, we also analyzed data from the
Clinical Proteomic Tumor Analysis Consortium (CPTAC) dataset
using UALCAN (Edwards et al, 2015). The UALCAN portal
features data from the CPTCA database, comprising 165 HCC
tissue samples and 165 normal liver tissue samples.

2.3 Gene expression correlation between
SLCO1B1, SLCO1B3, and SLCO2B1 in HCC

Gene expression correlation between SLCO1B1, SLCO1B3, and
SLCO2B1 in HCC has investigated by UALCAN
(Chandrashekar et al., 2017). The Pearson correlation coefficient

been

was calculated.
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2.4 Correlation between SLCO1B],
SLCO1B3, SLCO2B1 expression, and clinical
outcomes in HCC

The correlation between SLCO1B1, SLCO1B3, SLCO2B1 gene
expression, and the survival rates of HCC patients was assessed
using OncoLnc (http://www.oncolnc.org/). This online database
provides TCGA survival data related to mRNA, miRNA, and
IncRNA expression levels and was used to investigate their
prognostic values (Lu et al., 2018). The cut-off value was set as 50%.

We also analyzed the prognostic value of SLCO1B1, SLCO1B3, and
SLCO2BI1 gene expression in liver cancer patients using Kaplan-Meier
plotter (KM plotter) (https://kmplot.com/analysis/), an online database
that includes the data from GEO, EGA and TCGA (Lanczky and
Gyorffy, 2021; Zhang et al, 2023). The KM plotter, handled by a
PostgreSQL server, has been widely used to analyze the clinical impact
of individual genes on overall survival (OS), relapsed free survival (RES),
progression-free survival (PFS), and disease-specific survival (DSS) of
cancer patients. The “Auto select best cutoff” function of KM Plotter
was used to compute all possible cut-off values to get the best
performing threshold in survival analysis.

Furthermore, using the online consensus survival analysis web
server based on Proteome of Pan-cancers (OSppc, https://bioinfo.henu.
edu.cn/Protein/OSppc.html), we explored the relationship between
protein expression of SLCOIB1, SLCO1B3, SLCO2BI, and the
survival rates of HCC patients with the CPTAC dataset (Edwards
et al,, 2015; Zhang et al., 2023). The cut-off value was set as 50%.

2.5 Genetic alteration analysis

Genetic alterations in SLCO1B1, SLCO1B3, and SLCO2B1 were
explored within the TCGA Liver Hepatocellular Carcinoma dataset
(Pan-Cancer Atlas) using cBioPortal (https://www.cbioportal.org/)
(Cerami et al., 2012). The “Oncoprint” and “Cancer Type Summary”
tools were employed to investigate mutation frequencies and sites.

2.6 Protein-protein interaction

A Protein-protein interaction map for SLCO1B1, SLCO1B3, and
SLCO2BI1 was constructed using search tool for the retrieval of
interacting genes/proteins (STRING v12 https://string-db.org/)
(Szklarczyk et al., 2014).
restricted to “Text mining,” “

Active interaction sources were
Experiments” and “Databases.” Only
interactions with a high confidence score over 0.7 were mapped to
the network. The nodes and edges in the network represent the

target genes and their interactions, respectively.

2.7 Statistical methods

A Student’s t-test in the UALCAN was performed to compare
normal and cancer tissues. The correlations between gene
expression were evaluated by Pearson’s correlation and statistical
significance, and the strength of the correlation was determined
using the following guide for the absolute value: 0.00-0.19 “very
weak,” 0.20-0.39 “weak,” 0.40-0.59 “moderate,” 0.60-0.79 “strong,”
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and 0.80-1.0 “very strong.” Survival curves were generated through
analysis on OncoLnc online tool, KM plotter, and OSppc. Hazard
rate (HR) and P-value or Cox P-value from a log-rank test were
displayed through analysis of OncoLnc, KM plotter, and OSppc. A
p-value of less than 0.05 was considered statistically significant.

3 Results

3.1 Expression of SLCO1B1, SLCO1B3, and
SLCO2B1 in normal and cancer tissues

Analysis of the GTEx database (version 8) revealed high
SLCO1BI expression in normal liver tissue (median transcripts
per million [TPM] = 56.74). In contrast,
significantly lower or undetectable in whole blood and other

expression was

tissues (Figure 1).
UALCAN
SLCOI1BI transcript expression in HCC tissues versus normal

analysis demonstrated significantly reduced
liver across all subgroups stratified by gender, nodal metastasis
status (N stage), disease stage, and tumor grade (Figures 2A-D).

According to the GTEx database (version 8), the expression of
SLCO1B3 was high in the liver (median transcripts per million is
41.31). Yet, its expression was very low or no expression in whole
blood other tissues (Figure 3).

Using UALCAN, we analyzed the SLCO1B3 transcript expression
level in the normal liver tissues from healthy individuals and cancer
liver tissues in HCC patients from different subgroups classified by
gender, N stage, disease stage, and disease grade. Consistent with
SLCO1B1, SLCOIB3 transcript expression was significantly
downregulated in HCC across all clinical subgroups compared to
normal liver (Figures 4A-D).

GTEx database,
SLCO2BI1 was high in the liver (median transcripts per million

According to the the expression of
(TPM) is 92.50) and has a wide expression profile among different
tissues (Figure 5).

Using UALCAN, we analyzed the SLCO2BI1 transcript
expression level in the normal liver tissues from healthy
individuals and cancer liver tissues in HCC patients from
different subgroups classified by gender, N stage, disease stage,
grade. The that  the
SLCO2BI expression level of HCC groups was significantly lower

and  disease results  indicated
than those of the normal group, except normal vs. HCC disease
grade 1 (Figures 6A-D).

Using UALCAN, we further examined protein expression levels
of SLCO1B1, SLCO1B3, and SLCO2B1 in normal liver tissues from
healthy individuals and cancer liver tissues from HCC patients,
based on data from the CPTAC dataset. The results indicated that
of SLCOI1BI, SLCOI1B3, and

SLCO2BI1 were significantly lower in HCC tissues compared to

protein  expression levels

normal liver tissues (Figure 7).

3.2 Gene expression correlation between
SLCO1B1, SLCO1B3 and SLCO2B1 in HCC

To investigate the relationship of the expression pattern of the
three organic anion transporter polypeptides in HCC, the
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Bk ssue gene expresion o SLCOTB (ENSGOO0001343382)

FIGURE 1

Gene transcript expression levels of SLCO1B1(ENSG00000134538.2) in different normal tissues from GTEx dataset.
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FIGURE 2

SLCO1B1 gene transcript expression level in normal liver tissues and HCC tissues of different subgroups: (A) the relative expression of SLCO1B1 in
healthy individuals and male or female patients with HCC; (B) the relative expression of SLCO1B1in healthy individuals and patients with different N stages
of HCC (C) the relative expression of SLCO1BL1 in healthy individuals and patients with different disease stages of HCC (D) the relative expression of
SLCO1BL1 in healthy individuals and patients with different disease grade of HCC. *P < 0.05; **P < 0.01; ns, non-significant.

Frontiers in Genetics 04

frontiersin.org


https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2025.1550723

Chen 10.3389/fgene.2025.1550723

Buk Bsue gene expressionfor SLCO1B3 [ENSGO0000111700.12)

TeMm

'%,‘%.,,‘%;g‘g NS, SANSAAY %f%.%.&w& % ”%“%"%%" %% "’%”‘w*"ﬂ-%”s%% *‘x“@ '%,q "” % s“%f‘% "u" R st
44 %% % AR A W\ %‘* WY
b%'c“’é/ )%6 t, kS % a0 5’ ‘a" ., r
ANOMRMARY X % N ”%, \
AN N X “-% AN
/s,?" * U "‘u% % %v/ %,
Y 9&,%1
FIGURE 3
Gene expression for SLCO1B3 (ENSG00000111700.12) among different tissues.
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FIGURE 4

SLCO1B3 transcription in normal liver tissues and HCC tissues of different subgroups: (A) the relative expression of SLCO1B3 in healthy individuals

and male or female patients with HCC; (B) the relative expression of SLCO1B3 in healthy individuals and patients with different N stages of HCC (C) the
relative expression of SLCO1B3 in healthy individuals and patients with different disease stages of HCC (D) the relative expression of SLCO1B3 in healthy
individuals and patients with different disease grade of HCC. *P < 0.05; **P < 0.01; ns, non-significant.

correlation of the SLCO1B1, SLCO1B3, and SLCO2B1 mRNA  SLCOI1B1, SLCOI1B3, and SLCO2B1 in HCC, with the
expression was analyzed. Using UALCAN, positive correlations  moderate  positive  correlation  between SLCO1Bl1  and
of the transcript expression level have been observed among  SLCO2BI (Figure 8).
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FIGURE 5
Gene expression for SLCO2B1 (ENSG00000137491.14) among different tissues.
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FIGURE 6
SLCO2BL1 transcription in normal liver tissues and HCC tissues of different subgroups: (A) the relative expression of SLCO2B1 in healthy individuals

and male or female patients with HCC; (B) the relative expression of SLCO2B1 in healthy individuals and patients with different N stages of HCC (C) the
relative expression of SLCO2B1 in healthy individuals and patients with different disease stages of HCC (D) the relative expression of SLCO2B1 in healthy
individuals and patients with different disease grade of HCC. *P < 0.05; **P < 0.01; ns, non-significant.
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Protein expression levels of SLCO1B1, SLCO1B3, and SLCO2B1 in normal liver tissues and HCC tissues. **P < 0.01.
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Gene expression correlation between SLCO1B1, SLCO1B3 and SLCO2B1 in HCC.

3.3 Correlation between SLCO1B],
SLCO1B3, SLCO2B1 expression and clinical
outcomes in HCC

To investigate whether the overall survival outcome of HCC
patients is related to the gene expression levels of SLCO1BI,
SLCO1B3, and SLCO2B1, we compared the overall survival rate
of patients with a high gene expression level of SLCO1BI,
SLCO1B3, and SLCO2BI to those with a low gene expression
level of SLCO1B1, SLCO1B3, and SLCO2B1 using the OncoLnc
online tool (Figure 9). The results showed the relationship with
survival after regression analysis and multivariate analysis
performed controlling for other relevant variables. Notably,
the low gene expression of SLCOIBI and SLCO2B1 are
correlated significantly with a shorter overall survival in HCC
patients, with a log-rank p-value of 0.005 and 0.002,
respectively. Survival analysis indicated a trend in shorter
overall survival with low gene expression of SLCOIB3 in
HCC patients; however, there was no significant correlation
between SLCO1B3 gene and the
rates (p = 0.2).

The potential prognosis value of SLCO1B1, SLCO1B3 and
SLCO2B1 in predicting clinical outcomes of HCC patients was
also investigated through KM plotter (Figures 10-12). Through
KM plotter in HCC patients, SLCO1B1

expression survival

analysis and
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SLCO2B1 gene expressions were significantly correlated with
OS, RFES, PPS and DSS. SLCO1BI1 gene expression was
significantly correlated with OS, RFS and DSS, while there was
no statistical significance in PFS. In general, low gene expression
levels of SLCOI1B1, SLCOIB3 and SLCO2B1 predict poor
prognosis in HCC patients.

We further explored the relationship between protein
expressions of SLCO1B1, SLCO1B3, SLCO2B1, and the survival
rates of HCC patients with the CPTAC dataset (Figure 13).

Low  protein expressions of  SLCOIBI,
SLCO2B1 were significantly correlated with a shorter overall
survival in HCC patients, with a log-rank p-value of
0.0003 and 0.0016,
analysis indicated a trend in shorter overall survival with low

and

respectively. Kaplan-Meier survival
protein expression of SLCO1B3 in HCC patients, with a log-rank
p-value of 0.0631.

3.4 Mutation and amplification of SLCO1B1,
SLCO1B3, and SLCO2B1 in HCC

cBioPortal analysis of TCGA data revealed low mutation/
amplification frequencies: SLCO1B1 (0.57% mutation vs. 0.29%
amplification), SLCO1B3 (0.86% vs. 0.29%), and SLCO2BI1
(0.57% vs. 0.86%) (Figure 14).
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3.5 Network analysis highlights non-random
interconnectivity among SLCO1B1,
SLCO1B3 and SLCO2B1

Interactions among SLCO1BI1, SLCO1B3, and
SLCO2B1 with other proteins using STRING describe various
interacting partners. SLCO1B1, SLCO1B3 and SLCO2BI1 were
input as the “seed” proteins to construct the PPI network
(Figure 15). To identify the most significant interactions and
achieve a meaningful size for network analysis, ten additional
in the network. The network
p-value <4.85e-13, that this
connected network has significantly more interactions than

interactors were allowed

enrichment was meaning

expected at random. Such enrichment also indicates that
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SLCO1B1, SLCO1B3, and SLCO2B1 are, at least partially,
biologically connected.

4 Discussion

Hepatocellular carcinoma, one of the most prevalent cancers
globally, remains a significant public health burden (Llovet et al.,
2016; Villanueva, 2019). Established major risk factors include
chronic cirrhosis, viral hepatitis, nonalcoholic fatty liver disease,
alcohol use, and genetic disorders (Davis et al., 2008; Golabi et al.,
2017). Diagnosing HCC, particularly in its early stages, remains
challenging (Jessica et al., 2015). Early diagnosis is crucial, and
specific biomarkers for auxiliary examination are highly valuable for
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prognostic evaluation in clinical practice (Todd et al., 2008; Li
et al., 2018).

Sodium-independent plasma membrane transporters encoded
by the SCLO genes play important roles in the uptake and
distribution of both endogenous compounds and xenobiotics
(Hagenbuch and Stieger, 2013). OATPs play important roles in a
series of liver diseases, such as hepatitis, liver fibrosis, and cirrhosis
(Li et al, 2019). The hepatitis-fibrosis-cirrhosis progression
eventually leads to liver cancer.

OATP1BI1 (encoded by the SLCOI1B1 gene) and OATPIB3
(encoded by the SLCO1B3 gene) are expressed mainly in liver
cells. OATP2B1 (encoded by the SLCO2BI gene) is also highly
expressed in the liver. In contrast to the liver-specific expression of
OATPI1BI1 and 1B3, OATP2B1 has a wide expression profile. Using
UALCAN, gene transcript expression levels of SLCO1B1, SLCO1B3,
and SLCO2B1 were shown to be significantly downregulated in the
clinic-pathological characteristics (gender, nodal metastasis status,
cancer stages and tumor grade) in HCC patients compared to
normal counterparts. In addition, protein expression levels of
SLCO1BI1, SLCO1B3, and SLCO2B1 were also significantly lower
in HCC tissues compared to normal liver tissues. This is consistent
with earlier reports from other researchers that downregulation in
tumor tissue OATP1B1, OATP1B3, and OTTP2B1 expression is
markedly reduced in HCC tumor tissues compared to adjacent non-
tumorous liver, as shown by immunohistochemistry and mRNA/
protein analyses (Wlcek et al., 2011; Billington et al., 2018; Thakkar
etal,2017; Le Vee et al., 2011; Chen Shihan et al., 2020). This finding
suggests that SLCO1B1, SLCO1b3, and SLCO2B1 expression levels
may be used for assessing the risk of HCC development. Further
empirical validation through experimental approaches (e.g.,
immunohistochemistry or functional assays) is crucial to
reinforce the biological relevance of the results.

Using UALCAN, positive correlations were observed among the
gene expression of SLCO1BI, SLCO1B3, and SLCO2B1 in HCC,
with the strongest positive correlation between SLCO1B1 and

SLCO2BI1. Analysis of the TCGA Liver Hepatocellular Carcinoma
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dataset (TCGA’s Pan-Cancer Atlas) revealed a low mutation and
amplification frequency in HCC for SLCO1B1 (0.57% vs. 0.29%),
SLCO1B3 (0.86% vs. 0.29%) and SLCO2B1 (0.57% vs. 0.86%).

Multivariate Cox regression analysis performed using OncoLnc
demonstrated that low SLCO1B1 and SLCO2B1 gene expression
levels significantly correlated with shorter overall survival in HCC
patients (p = 0.005 and p = 0.002, respectively). Although low
SLCO1B3 expression showed a trend towards shorter overall
survival, this correlation was not statistically significant (p = 0.2).
The KM plotter analysis indicated the same trend, low expression of
these transporters associated with shorter OS, RES, PFS and DSS.
Additionally, survival analysis through OSppc further confirmed
that low protein levels of these transporters predicted poor
prognosis for HCC patients.

Our findings align with previous reports. For instance, Shihan
Chen et al. indicated that low OATP1B3 levels are independently
associated with larger tumor size, higher recurrence, poor
differentiation, advanced tumor node metastasis stage, and
significantly shorter overall and disease-free survival (Chen
Shihan 2020). They further that
OATP1B3 overexpression in HCC cells promotes apoptosis and

et al, demonstrated
suppresses proliferation, while low OATP1B3 expression predicts a
poor prognosis (Chen Shihan et al, 2020) Downregulation of
OATP1B1, OATP1B3, and OATP2Bl in HCC may follow a
common mechanism, potentially influenced by the increased
expression of proinflammatory cytokines, such as TNF-a, IL-6,
and IFN-y. These changes are observed at mRNA levels, but also,
at protein and activity levels (Fardel and Le Vée, 2009; Korobkova,
2015). Hao Tianran et al. also reported that exposure to a cytokine
cocktail containing IL-1, TNF-a, and IFN-y significantly
downregulates mRNA and activity of OATP1B1, OATP1B3, and
OATP2B1 in hepatocytes (Tianran et al, 2024). Additionally,
elevated levels of IL-6, and TNF-q, are observed in HCC patients
and are associated with inflammation-driven carcinogenesis,
activation of oncogenic pathways (e.g, STAT3), and poor
prognosis (Kao et al, 2015). These findings highlight the
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mechanistic connections between these cytokines and OATPs
regulation in the context of HCC, suggesting that SLCOI1BI,
SLCO1B3, and SLCO2B1 may be prognostic factors for liver
cancer patients.

SLCO1B1, SLCO1B3, and SLCO2B1 also interact with various
cytochrome P450 (CYP) enzymes, including CYP3A4, CYP2D6,
CYP2C8, and CYP2C9. Cytochrome P450s, localized to
mitochondrial membranes or the endoplasmic reticulum, are
crucial for metabolizing a wide range of endogenous and
exogenous compounds (Sheweita, 2000). Various cytotoxic
drugs can be activated or inactivated by drug-metabolizing
enzymes in tumor tissues, thereby affecting the susceptibility
of both the host and the tumor to their effects (Yan et al., 2015).
The activities and protein amount of major CYP enzymes were
found to be significantly decreased in HCC tumors (Oyama et al.,
2004). It has been suggested that the local expression of CYPs in
tumors is essential in the management of cancer since these
functionally associated enzymes might contribute both in the
development of HCC and in determining the anticancer drug
sensitivity (Michael and Doherty, 2007; Ren et al., 2018). OATPs
play a vital role in facilitating the cellular uptake of drugs and
endogenous compounds, interact with various CYP enzymes
which are key players in drug metabolism. Decreased
expression of OATPIB1 and OATPIB3 is associated with
potential resistance to anticancer drugs that rely on these
transporters for cellular uptake, contributing to poor prognosis
in HCC patients (Zhu et al., 2024; Wen and Zhao, 2021). Maitane
Asensio et al., reported relevance of the OATPIB3 in the
personalized pharmacological treatment of hepatocellular
carcinoma, and recommended Lt-OATP1B3 expression should
be screened prior to deciding the use of anticancer drugs
substrates of this carrier in the personalized treatment of HCC
(Sanchez-Vicente et al., 2023). Understanding the relationship
between OATPs and drug sensitivity is an important area of
study. Investigating these connections through multi-omics
integration analysis can provide deeper insights into the
biological functions of OATPs in HCC, potentially uncovering
their impact on therapeutic strategies.

5 Conclusion

SLCO1B1, SLCO1B3, and SLCO2BI are highly expressed in the
liver and play key roles in various liver diseases. Our study confirms
the downregulation of SLCO1B1, SLCO1B3, and
SLCO2B1 expression in HCC patients. Furthermore, the
expression levels of these SLCO genes may serve as prognostic
markers in HCC patients.
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