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Recent research has indicated that metabolically related genes play crucial roles in the
pathogenesis of hepatocellular carcinoma (HCC). We evaluated the associations between
novel biomarkers and retinol-binding protein 4 (RBP4) for predicting clinical HCC outcomes,
hub-related genes, pathway regulation, and immune cells infiltration. Bioinformatic analyses
based on data from The Cancer Genome Atlas were performed using online analysis tools.
RBP4 expression was low in HCC and was also down-regulated in pan-cancers compared
with normal tissues. RBP4 expression was also significantly different based on age (41–60
years old versus 61–80 years old), and low RBP4 expression levels were associated with
advanced tumor stages and grades. Higher RBP4 expression was associated with better
overall survival time in HCC patients, and we identified a deletion-mutation rate of 1.4% in
RBP4. We also identified ten co-expressed genes most related to RBP4 and explored the
relationships between six hub genes (APOB, FGA, FGG, SERPINC1, APOA1, and F2) in-
volved in RBP4 regulation. A pathway enrichment analysis for RBP4 indicated complement
and coagulation cascades, metabolic pathways, antibiotic biosynthesis pathways, perox-
isome proliferator-activated receptor signaling pathways, and pyruvate metabolism path-
ways. These results suggest that RBP4 may be a novel biomarker for HCC prognosis, and
an indicator of low immune response to the disease.

Introduction
Hepatocellular carcinoma (HCC) can occur after years of chronic liver disease and comprises more
than 90% of primary liver cancers. HCC is the second leading cause of cancer-related deaths world-
wide and is responsible for nearly 800,000 deaths annually [1,2]. Associated problems with HCC include
early-diagnosis inaccuracies and a lack of clarity for optimal methods to improve treatment, to monitor
disease progression, and to establish recurrence. Therefore, an accurate marker for early detection and
prediction of clinical survival and therapeutic responses would be valuable for the clinical management
of HCC.

Carcinogen-mediated molecular mechanisms are not only involved in the genesis of cancer but also
metabolically in the tumor-associated microenvironment [3]. Metabolic disorders are known to increase
the risk of cancer and cancer-related mortality [4]. Metabolic alterations in tumor-microenvironments
related to hyperinsulinemia and obesity are associated with an increased risk for, incidence of, and mor-
tality from breast cancer [5], gastrointestinal cancer [6], lung cancer [7], prostate cancer [8], colorec-
tal cancer [9], and pancreatic cancer [10]. Accumulating evidence has revealed that metabolic disorders
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can also drive HCC and are associated with its progression [11]. Therefore, a better understanding of
metabolism-related molecular mechanisms associated with HCC may lead to detection markers and to potential
therapeutic targets.

Retinol binding protein 4 (RBP4) is a 21-kDa protein belonging to the lipocalin family and is a retinol transporter
in the blood [12,13]. RBP4 is mainly synthesized and released in the liver and fat, acting as an adipokine with crucial
roles in growth, vision, and metabolic diseases [14–16]. RBP4-related disruption of retinol metabolism is also involved
in malignancy [17]. Recently, RBP4 has been reported to act as a bridge between obesity and cancer cell metabolism,
and serum RBP4 levels in patients with HPA breast cancer have been reported to be significantly higher than those
in control patients [18]. RBP4, as an oncogene, has also been implicated in ovarian cancer as one of the elements
regulating the Rock1 pathway [19–21]. Studies have also demonstrated that RBP4 activates STRA6, which drives
and mediates tumor initiation, tumor growth, and the expression of stemness markers in the genesis of colon cancer
[22]. In pancreatic cancer, higher expression levels of RBP4 have also been reported compared with those in normal
control subjects [23]. The progression of malignant melanoma has also been linked to a positive association between
the RBP4 gene and hypermethylation [24]. RBP4 may also act as a molecular bridge between the dysregulation of
metabolic processes and cancers. Studies have indicated that high serum RBP4 in HCC combined with metabolic
syndrome patients were closely associated with poor prognosis [25]. A comparative assessment of RBP4 expression,
clinicopathological features, and HCC-patient outcomes has also indicated that RBP4 may be a contributing factor
linked to the metabolic microenvironment of HCC [26,27].

In the present study, we performed bioinformatic analyses to explore any relationships between RBP4 expression
and HCC patient survival using data from tumor and normal tissue samples. We explored differentially expressed
genes, co-expressed genes, hub genes, and immune cell infiltration related to RBP4 in HCC. These explorations may
provide novel insights into RBP4 associated function role in HCC initiation, progression, prognosis. HCC prognosis
prediction.

Materials and methods
Patient data and UALCAN analyses
All the data used in this study (from 371 HCC tumors paired with 50 normal tissue samples) were obtained from
The Cancer Genome Atlas (TCGA). UALCAN [28] (http://ualcan.path.uab.edu), an online resource, was used for
in-depth analyses of gene expression data using TCGA-Liver Hepatocellular Carcinoma (TCGA-LIHC) datasets. Stu-
dent’s t-tests were applied, and we considered P-values<0.05 to be significant.

RBP4 protein-expression data
We used RBP4 protein level data from the tissue microarrays represented in the Human Protein Atlas [29] (HPA,
https://www.proteinatlas.org/). Data from two patients (IDs: 1846 and 2556) were analyzed for the expression of
RBP4.

Correlations between RBP4 expression and clinicopathological
characteristics
Possible correlations between RBP4 expression levels and clinicopathological features were also assessed. Clinical
prognostic features, such as overall survival (OS), recurrence-free survival (RFS), disease-specific survival (DSS),
and progression-free survival (PFS) were compared with RBP4 expression levels, and the results were displayed using
Kaplan−Meier plots [30] (https://kmplot.com/).

Mutation frequencies and co-expressed genes
The online CBioPortal site (https://www.cbioportal.org/) and LinkedOmics [31] were used to access data for RBP4
gene mutations, co-expressed genes, and mutations related to protein expression. Genomic profiles included muta-
tions, putative copy number alterations from TCGA-LIHC data, and mRNA expression Z-scores (RNA Seq V2 RSEM)
using a Z-score threshold setting of +− 2.0. In addition, we determined the top 10 genes co-expressed with RBP4 using
Spearman’s rank-order correlation, with R > 0.7.

RBP4 pathway-enrichment analyses
Gene ontology (GO) enrichment analyses, Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment
analyses, and protein–protein interaction (PPI) networks were visualized using Network Analyst 3.0.
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Figure 1. RBP4 expression was lower in hepatocellular carcinoma (HCC) and in various cancers

(A) RBP4 protein was decreased expressed in HCC tissue. RBP4 was overexpressed in normal liver tissues. (B) The level of RBP4

mRNA transcription was lower in HCC samples compared to normal liver samples. (C) Pan-cancer analysis of RBP4 mRNA tran-

scription levels showed a lower RBP4 expression in most tumor tissues. **P<0.01, and ***P<0.01

RBP4-related immune cell infiltration
We used the Tumor IMmune Estimation Resource (TIMER, https://cistrome.shinyapps.io/timer/), a comprehensive
platform for the statistical analyses of immune cell purity and infiltration of B cells, CD4+ T cells, CD8+ T cells, neu-
trophils, macrophages, and dendritic cells into tumors, to assess RBP4-related immune cell infiltration. Additionally,
we explored the expression of RBP4 across pan-cancer through TIMER.

Results
RBP4 expression levels in liver cancer
For RBP4 expression levels in HCC and its corresponding normal tissues, we used protein expression data from the
HPA database. Using immunohistochemical data, we found that RBP4 protein expression was lower in HCC tissue,
but was highly expressed (protein and mRNA) in normal tissue (P<0.001, Figure 1A,B). For the pan-cancers com-
parisons, we utilized TIMER to explored RBP4 expression, and the results showed that RBP4 was highly expressed in
most normal tissues compared with its corresponding tumor tissues, including bladder urothelial carcinoma (BLCA),
breast invasive carcinoma (BRCA), cholangiocarcinoma (CHOL), head and neck squamous cell carcinoma (HNSC),
kidney chromophobe (KICH), kidney renal clear cell carcinoma (KIRC), liver hepatocellular carcinoma (LIHC), lung
adenocarcinoma (LUAD), lung squamous cell carcinoma (LUSC), prostate adenocarcinoma (PRAD), skin cutaneous
melanoma (SKCM), and stomach adenocarcinoma (STAD). However, RBP4 expression was increased in tumor tis-
sues in STAD, and the differences were statistically significant (Figure 1C). Taken together, these results suggest that
RBP4 may be a novel biomarker for HCC diagnosis.
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Figure 2. Relationships between RBP4 expression, clinical characteristics, and clinical outcomes

(A) RBP4 expression levels between different age groups. (B) Comparison of RBP4 transcription levels between different ethnic

groups. (C) Comparison of RBP4 transcription levels based on gender. (D) Comparison of RBP4 transcription levels based on

tumor grading. (E) Comparison of RBP4 transcription levels based on cancer staging. (F) Comparison of RBP4 transcription levels

based on lymph node metastasis status. (G) Overall patient survival according to RBP4 expression levels. High RBP4 expression

was associated with a better prognosis. (H) Relapse-free survival, according to RBP4 expression, indicated that high expression in

HCC was associated with a better prognosis (HR = 0.46, 95% CI: 0.32–0.66), log rank P = 1.5e-05). (I) Progression-free survival,

according to RBP4 expression, indicated that high expression was associated with longer survival (HR = 0.38, 95%CI: 0.28–0.53),

log rank P = 7.4e-10). (J) Disease-specific survival analysis indicated that higher RBP4 expression levels had longer survival time

(HR = 0.32, 95% CI: 0.2–0.51), log rank P = 2.8e-07).

RBP4-related clinical features and prognoses
To further explore the relationship between RBP4 expression and clinical information, we applied the HCC tumor
tissues transcriptional profiles, and examined possible subgroup associations with RBP4 expression based on patient
age, gender, race, tumor grade, TNM staging, and lymph node metastasis. The results demonstrated that RBP4 expres-
sion in the younger group (41–60 years of age) was lower than that in the elder group (61–80 years of age) (P=0.003,
Figure 2A), and Caucasians had higher RBP4 expression compared to Asians (P=0.007, Figure 2B). However, there
was no significant difference in RBP4 expression between male and female (Figure 2C). In addition, RBP4 expres-
sion levels were higher in advanced tumors (by grading and staging) compared with those in less-advanced tumors,
and this difference was significant (Figure 2D,E). However, there was no significance between lymph node metastasis
subgroup and no lymph node metastasis subgroup (Figure 2F).

To investigate prognoses for clinical survival, the OS analyses showed that RBP4 overexpression was associated
with longer survival time (hazard ratio (HR) = 0.35, 95% confidence interval (95% CI): 0.25–0.5, (log rank P =
1.8e-0, Figure 2G). The analysis of RFS indicated that higher RBP4 expression levels were also associated with longer
RFS time (HR = 0.46, 95% CI: 0.32–0.66), (log rank P = 1.5e-05, Figure 2H), and the PFS analysis confirmed that
up-regulated RBP4 had longer PFS time (HR = 0.38, 95% CI: 0.28–0.53), (log rank P = 7.4e-10, Figure 2I). For
DSS, high RBP4 expression was also associated with better outcomes (HR = 0.32, 95% CI: 0.2–0.51), (log rank P =
2.8e-07, Figure 2J). Overall, these results indicate that high RBP4 expression was an indicator for improved prognoses
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Figure 3. RBP4 mutation types, related protein expressions, and immune cell infiltration

(A) Deletion-type mutations made up 1.4% of total RBP4 gene mutations, with five protein changes: T41l, RBP4-GPC3,

IGHG1-RBP4, AMBP-RBP4, and CLU-RBP4. (B) RBP4 mutations affected RBP4 mRNA expression levels. (C) Different types of

RBP4 mutations also affected immune cell infiltration levels, with neutrophils showing significant differences. (D) Analysis of immune

cell purity, and the relationship between different immune cells and RBP4 expression levels.

in patients with HCC, suggesting that elevated RBP4 expression may represent a good prognosis indicator for HCC
progression.

RBP4-related gene mutations and immune cell infiltration characteristics
Deletion mutations accounted for 1.4% of total RBP4 mutations, and five proteins were changed because of RBP4 re-
lated somatic mutations (T41l, RBP4-GPC3, IGHG1-RBP4, AMBP-RBP4, and CLU-RBP4) (Figure 3A). The different
types of RBP4 mutations also affected RBP4 m RNA expression (F-value = 9.969, P<0.001, Figure 3B). The RBP4
mutation types were also correlated with immune cell infiltration levels, especially for neutrophils with deep-deletion
and arm-level gain types of mutations (Figure 3C). RBP4 expression was also linked to immune cell purity, with B
cells, CD8+ T cells, CD4+ T cells, macrophages, neutrophils, and dendritic cells all negatively correlated with RBP4
expression (Figure 3D). Collectively, RBP4 expression and mutations were associated with immune cell infiltration
characteristics.

Differentially expressed genes associated with RBP4
To explore the relationship between RBP4 gene expression and other differentially expressed genes, we examined
the positive and negative correlations for other gene expressions to determine significance. A volcano chart analysis
showed the positively (right) and negatively (left) correlated genes that were differentially expressed (Figure 4A), and a
heatmap indicated the top 10 positively associated genes (Figure 4B). Additionally, to explore crucial pathways related
to the biological functions of RBP4, we performed KEGG and GO enrichment analyses. The KEGG analysis indicated
that RBP4 was associated with complement and coagulation cascades, metabolic pathways, the biosynthesis of antibi-
otics, the peroxisome proliferator-activated receptor signaling pathway, and pyruvate metabolism pathways (Figure
4C). The GO analysis also included subtype functional enrichment analyses for GO annotation, biological process
(BP), cellular component (CC), and molecular function (MF). The results indicated that for the analysis of BP, RBP4
was related to blood coagulation, negative regulation of endopeptidase activity, fibrinolysis, proteolysis, triglyceride
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Figure 4. Differentially expressed genes related to RBP4

(A) A volcano plot showing significant positively and negatively correlated genes related to RBP4 expression. (B) A heat map of

the top 10 positively correlated genes related to RBP4 expression in HCC. (C) A KEGG enrichment analysis of pathways, including

complement and coagulation cascades, metabolic pathways, the biosynthesis of antibiotics, the peroxisome proliferator-activated

receptor signaling pathway, and pyruvate metabolism. (D) RBP4-related pathway enrichment analyses. Biological processes (BP):

blood coagulation; negative regulation of endopeptidase activity, fibrinolysis, proteolysis, triglyceride homeostasis, and cholesterol

homeostasis. Cellular components (CC): blood microparticles, extracellular exosomes, the extracellular space, very low-density

lipoprotein particles, and the extracellular region. Molecular functions (MF): serine-type endopeptidase activity, serine-type en-

dopeptidase inhibitor activity, cholesterol transporter activity, phospholipid binding, receptor binding, glycoprotein binding, and

heparin binding.

homeostasis, and cholesterol homeostasis. The CC analysis showed that RBP4 was associated with blood microparti-
cles, extracellular exosomes, extracellular spaces, very low-density lipoprotein particles, and the extracellular region.
The MF analysis demonstrated that serine-type endopeptidase activity, serine-type endopeptidase inhibitor activity,
cholesterol transporter activity, phospholipid binding, receptor binding, glycoprotein binding, and heparin binding
were all associated with RBP4’s biological functions (Figure 4D). These results suggest that RBP4-related genes were
involved in various biological functions and may play essential roles in tumor progression.

PPI network analysis and hub gene identification
To further explore correlations between RBP4 expression and potential hub genes, we constructed a PPI network map
for RBP4-related genes (Figure 5A), and then identified the six hub genes APOB, FGA, FGG, SERPINC1, APOA1,
and F2 (Figure 5B). Their expression levels are illustrated in Figure 5C–H. The expressions of APOB, FGA, FGG,
APOA1, and F2 were significantly down-regulated in the TCGA-LIHC cohort (P<0.05), but SERPINC1 levels were
not significantly different between normal and tumor tissues (P>0.05). Furthermore, we assessed patient OS for the
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Figure 5. Protein–protein interaction (PPI) network map and hub genes identification

(A) A representation of the complex PPI network for RBP4 and related proteins. (B) The genes FGA, FG, APOB, F2, SERPINC1,

and APOA1 were identified as hubs for RBP4 interactions. (C–H) The expression levels of APOB, F2, FGG, FGA, and APOAP1 in

HCC samples compared with their levels in normal liver samples.

six hub genes, and the high expression levels of APOB, F2, FGG, FGA, SERPINC1, and APOA1 were associated
with better prognoses, and coincided with the OS results for RBP4 expression and prognosis (Figure 6A–F).

Immune cell infiltration was also assessed for these six hub genes. Using the TIMER database, we found out that
the relationship between the APOBE expression and B-cell infiltration was weak in HCC cohort (partial cor = -0.115,
P=3.25e-02) and there was no significant difference between APOBE expression and other immune cells infiltration
(Figure 7A). According to the infiltration analyses, CD8+ T cells, neutrophils, macrophages, and dendritic cells were
negatively associated with F2 expression (Figure 7B), and B cells, CD4+ T cell, and macrophages were also negatively
associated with FGG expression (Figure 7C). The expression of FGA was negatively correlated with the infiltration
of B cells, CD8+ T cells, CD4+ T cells, macrophages, and dendritic cells (Figure 7D), and SERPINC1 expression
was significantly correlated with the infiltration of B cells, CD8+ T cells, CD4+ T cells, macrophages, neutrophils,
and dendritic cells (Figure 7E). The expression of APOA1 showed negative correlation with the infiltration of CD8+
T cells, CD4+ T cells, macrophages, neutrophils, and dendritic cells (Figure 7F). These findings suggest that RBP4
related hub genes expression levels were also correlated with immune cells infiltrations.
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Figure 6. Overall survival rates associated with the expressions of the six hub genes (FGA, FG, APOB, F2, SERPINC1, and

APOA1)

(A–F) Overall survival rates were significantly correlated with hub gene expression, with high expression levels associated with

longer survival time.

Discussion
Many studies, including ours, have shown that RBP4 is an adipocyte protein that is crucially involved in regulating
insulin resistance, metabolic syndrome, the inflammation process, and human cancer tumorigenesis [32].

Under normal conditions, RBP4 is mainly secreted in the liver [33]. It is recognized as an adipokine that is as-
sociated with metabolic disorders, and in cancers, as a driver for malignant metastasis and tumor angiogenesis in a
variety of cancers [17,34]. Here, we determined that RBP4 expression was decreased in HCC cohorts, and acted as
a negative regulator for HCC progression [35]. The relationships between RBP4 expression and clinical prognosis,
co-expressed genes, hub genes, and the immune system were investigated using bioinformatic analyses. We also de-
termined that the expression level of RBP4 was significantly decreased in HCC tissue compared with that in healthy
tissue samples and found that low RBP4 expression was associated with better patient outcomes. The results suggest
that RBP4 expression may inhibit tumor progression and serve as an indicator of better prognoses.

We also identified the 10 top co-expressed genes for RBP4 (RIDA, SLC27A5, HAGH, AZGP1, LDHD, PCK2,
GCDH, DCXR, GPT, and QDPR). SLC27A5 has been reported to participate in the transport of fatty acids, in the
metabolism of bile acids, and to act as a tumor suppressor in HCC progression [36]. The down-regulation of HAGH
expression has been shown to have significant antiproliferative effects on colorectal cancer [37]. AZGP1 has been
reported to inhibit colorectal cancer progression via the mTOR signaling pathway and has also been shown to sup-
press the progression of malignant soft-tissue sarcoma cells [38]. LDHD has been reported to be a regulator of energy
metabolism and is involved with tumor cell glycolysis within the tumor microenvironment [39]. In the present study,
these RBP4-related genes were also involved in regulating the metabolic microenvironment, indicating that the reg-
ulation of cancer cell metabolism can be either direct or indirect via RBP4 expression.

Cells of the immune system are essential regulators for tumor microenvironment homeostasis. We determined
that RBP4 mutations were negatively correlated with immune cell infiltration, indicating that RBP4 expression is
closely related to immune cell bioactivity in preclinical and clinical models. RBP4 expression has been reported to be
closely related to immune cell infiltration, especially during inflammation [40]. RBP4 can activate macrophages and
CD4+ T cells via both TLR4- and JNK-dependent pathways, leading to the production of TNF-α, IL-1β, and IL-6
cytokines [41–43]. RBP4 is likely to be a complex adipokine because its gene expression has also been positively linked
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Figure 7. The relationship between hub gene expression and immune cell infiltrates in HCC based on the TIMER dataset

(A) The relationship between APOBE expression and immune cells infiltration. (B) The relationship between F2 expression and

immune cells infiltration. (C) The relationship between FGG expression and immune cells infiltration. (D) The relationship between

FGA expression and immune cells infiltration. (E) The relationship between SERPINC1 expression and immune cells infiltration. (F)

The relationship between APOA1 expression and immune cells infiltration.
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Table 1 Co-expressed genes of RBP4 in HCC based on TCGA cohort

Correlated Gene Cytoband Spearman’s correlation P-value

RIDA 8q22.2 0.771 9.57e-70

SLC27A5 19q13.43 0.751 2.19e-64

HAGH 16p13.3 0.735 3.13e-60

AZGP1 7q22.1 0.727 2.23e-58

LDHD 16q23.1 0.723 1.71e-57

PCK2 14q11.2-q12 0.713 2.84e-55

GCDH 19p13.13 0.709 1.79e-54

DCXR 17q25.3 0.708 2.69e-54

GPT 8q24.3 0.704 2.44e-53

QDPR 4p15.32 0.702 5.83e-53

to inflammatory factors, CD68 expression, and adipose tissue inflammation [40]. RBP4 has also been determined
to activate macrophages and promote proinflammatory cytokines [44] (i.e., TNF-α production via TLR4-dependent
pathways). Here, RBP4 expression was negatively correlated with infiltrating macrophages, T cells, B cells, neutrophils,
and dendritic cells. Although we have demonstrated that RBP4 is involved in the regulation of proinflammatory
cytokines, the underlying mechanisms require further investigation (Table 1).

In conclusion, these links between RBP4 and HCC malignancy, metabolic regulation, and immune cell infiltration
support the idea of a protective role for RBP4 in HCC, and for its use in predicting HCC outcomes.
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