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ARTICLE INFO ABSTRACT

Keywords: Background: Liver hepatocellular carcinoma (LIHC), a variety of highly-aggressive malignancy,
OSBPL3 ) has been the major cause of cancer-related mortality. Recent studies have shown that oxysterol-
Hepamcf"umar carcinoma binding protein-like 3 (OSBPL3) plays a crucial role in human cancers. Nevertheless, the specific
ngms‘s. L functional roles and potential clinical values of OSBPL3 in LIHC are not completely known.
Immune infiltration . . . . .

Hub gene Methods: Multiple web portals and publicly available tools were used in this study. Comprehen-

sive expression files of OSBPL3 in pan-cancers and the relationship between OSBPL3 expression
and clinical traits of patients with LIHC were investigated using TCGA database through UALCAN
platform. TIMER database was used to investigate the effect of OSBPL3 on the tumor immune
infiltration status in LIHC. Moreover, LinkedOmics, STRING databases, and Gene Ontology
analysis were utilized to select OSBPL3-related differentially expressed genes (DEGs) and
construct a protein—protein interaction (PPI) network.

Results: Upregulated OSBPL3 was observed in LIHC tumor tissues compared with that in normal
controls, especially in patients with higher grades and more advanced stages. Furthermore,
overexpressed OSBPL3 was closely associated with poor clinical outcomes of patients with LTHC.
Six hub genes were selected from the PPI network, which were significantly increased in LIHC and
closely associated with poor prognosis. Pathway enrichment showed that OSBPL3-related DEGs
were primarily enriched in protein binding, mitotic cytokinesis, inorganic anion transport, and I-
kappaB kinase/NF-kappaB signaling processes.

Conclusions: OSBPL3 exerts critical functions in hepatocarcinogenesis and it could serve as an
available biomarker and effective treatment target for LIHC.

1. Introduction

Primary liver cancer was one of the most highly-aggressive malignancies worldwide. Cancer statistics reported that liver cancer has
been the sixth most frequently diagnosed cancer and the third major cause of tumor-related mortalities globally, with 9,05,677 newly
diagnosed cases and 9,30,180 deaths in 2020 [1,2]. Liver hepatocellular carcinoma (LIHC), accounting for approximately 80% of the
total cases, is the most common histological subtype of liver cancer. It is characterized by high malignancy, poor therapeutic response,
and unfavorable clinical outcomes [3,4]. Unfortunately, owing to the lack of early effective monitoring and inadequate intervention,
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the majority of patients with LIHC are at advanced stages when diagnosed, which results in poor clinical outcomes and higher
mortality rates (1-year survival rate <20%) [5], thereby heavily burdening global health. Despite plentiful studies on the pathogenesis
of LIHC, it remains necessary to explore novel biomarkers or promising therapeutic targets and perform a comprehensive analysis on
the underlying mechanisms of hepatocarcinogenesis.

Oxysterol-binding protein-like 3 (OSBPL3) is a novel member of the oxysterol-binding protein (OSBP) family [6]. As an intra-
cellular lipid receptor and transporter [7], which regulates lipid metabolism and vesicular transport under physiological conditions,
and also participates in cell signaling transduction and cytoskeleton structure regulation [8-10]. Recently, studies have shown that
OSBPs were significantly dysregulated at the mRNA or protein levels in diverse cancers [11,12]. The high expression level of OSBPL3
was positively associated with poor clinical outcomes and high malignancy of patients with colorectal cancer (CRC) [13,14].
Therefore, the mRNA levels of OSBPL3 can be a promising diagnostic biomarker to better stratify patients with CRC. Aberrant OSBPL3
functions can affect many pathophysiological processes, such as cell cycle progression and cell migration, thereby modulating the
oncogenesis of diverse human cancers. Nevertheless, the biological roles of OSBPL3 in LIHC and its underlying interaction networks
are largely unexplored.

In this study, we comprehensively investigated the comprehensive expression signature of OSBPL3 in pan-cancers and revealed its
relationship with the clinicopathological features and tumor immune infiltration of patients with LIHC, thereby highlighting the
prognostic value of OSBPL3. Furthermore, to discover the specific functional roles of OSBPL3 in LIHC, we screened differentially
expressed gene (DEG) for OSBPL3 and constructed a protein—protein interaction (PPI) network, thereby providing novel insights into
the initiation and progression of LTHC.

2. Method and materials
2.1. Clinical datasets and survival analysis

The informative data of OSBPL3 expression files in pan-cancers and the comprehensive clinical records related to LIHC were
retrieved from TCGA database (https://cancer.gov/tcga) through the UALCAN platform (http://ualcan.path.uab.edu), a web-portal
resource for analyzing clinical datasets [15]. Based on the obtained clinical informative data, patients with LIHC were divided into
different subgroups and the correlation between OSBPL3 expression and clinical features of patients with LIHC was further
determined.

To verified the clinical value of OSBPL3 as a prognostic indicator for LIHC, we used the Kaplan-Meier Plotter (https://kmplot.com/
analysis/), an interactive web-portal resource, to perform univariate Cox regression for survival analysis [16]. We divided LIHC co-
horts into two subgroups based on the expression of OSBPL3. The Kaplan-Meier prognosis curves with hazard ratios and log-rank
P-values were plotted, which included overall survival (OS), disease-specific survival (DSS), progression-free survival (PFS), and
relapse-free survival (RFS).

2.2. OSBPL3-related DEGs screening

To visualize and analyze the complex LHIC genomic data, we used the cBioportal database (https://www.cbioportal.org/) to screen
co-expressed genes for OSBPL3, and the correlation coefficients were determined by Spearman’s analysis [17]. For further verification,
the LinkedOmics database (http://linkedomics.org/) was used to determine the OSBPL3-related DEGs as described in a previous study
[18], for which general data was displayed in the Volcano maps (—1og10 P value). Through the Z-Score analysis, heatmaps showed the
top 15 positive and 15 negative OSBPL3-related genes, respectively.

PPI network construction and identified hub genes.

The SRING database (http://string-db.org/) was used to transform identified or predicted associations between the genes and
proteins into biological understanding through physical interactions and functional network analysis [19]. In this study, the STRING
database was used to construct a PPI network based on the top 100 related DEGs for OSBPL3. Then, we used the Cytoscape software as
described previously [20], to visualize and analyze large-volume networks with appearance and characteristics from the STRING
database. Finally, six hub genes were selected from the network, and their clinical values in indicating prognosis for LIHC were further
investigated using the UALCAN database and the Kaplan-Meier curve.

2.3. Functional gene enrichment analysis

Gene ontology (GO) functional enrichment analysis based on detected 100 DEGs was performed to determine the related signaling
pathways, assigning functional significance to OSBPL3 from three major domains of biological process, molecular function, and
cellular component. A set of analysis tools for functional annotation and integration, which included the DAVID database (https://
david.nciferf.gov/) and online bioinformatics resources (http://www.bioinformatics.com.cn/), were used to visualize and analyze
the functional enrichment analysis results [21].

2.4. Immune infiltration status evaluation

To determine the interaction between OSBPL3 expression and LIHC immune status, we used the TIMER database (https://cistrome.
shinyapps.io/timer/), which is an integrated web server to analyze tumor immune infiltration as described previously [22]. Spearman
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Fig. 1. Comprehensive analysis of the transcription levels of OSBPL3 in pan-cancers and its correlation with the clinicopathological
features of patients with LIHC. (A). Transcription levels of OSBPL3 across pan-cancers. (B) Critically upregulated OSBPL3 in LIHC tissues
compared with the normal control. (C-J) Transcription levels of OSBPL3 in diverse clinical characteristic-based groups (grade, stage, TP53 mu-
tation, age, gender, race, weight and nodal metastasis). Abbreviations: OSBPL3, oxysterol-binding protein-like 3; LIHC, liver hepatocellu-
lar carcinoma.

analysis was performed to estimate the relationship between OSBPL3 and immune purity and immune-cell infiltration in LIHC.
2.5. Statistical analysis

Wilcoxon and t-tests were performed to determine the differences in OSBPL3 expression across subgroups of different variables. The
relationship between OSBPL3 expression and multiple variables, such as immune-cell infiltration, was evaluated by the Spearman
correlation co-efficiency test. P-values <0.05 were considered statistically significant. R program (v 4.0.3) and forest plot were used to
visualize the informative data and build graphs.

3. Results
3.1. Overexpressed OSBPL3 in LIHC and its relationship with clinical characteristics

The transcription levels of OSBPL3 were dysregulated in most types of cancers compared with that in the normal controls (Fig. 1A).
Particularly, the transcription level of OSBPL3 was significantly increased in LIHC tumor tissue (n = 371) compared with that in the
normal control (n = 50, P < 0.001, Fig. 1B). In further to determine the roles of OSBPL3 in clinical LIHC progress, we categorized the
comprehensive clinical datasets into different subgroups based on the diverse clinicopathological characteristic of patients with LIHC.
Our findings showed that OSBPL3 gradually increased with the progression of tumor grade (grade 3 vs. grade 1, P < 0.001; grade 2 vs.
grade 1, P < 0.05; Fig. 1C). Intriguingly, in patients with more advanced tumor stages, a significantly higher expression of OSBPL3
(stage 3 vs. stage 1, P < 0.05, Fig. 1D) was found, which indicated the oncogenic roles of OSBPL3 in LIHC progression. Furthermore, the
expression of OSBPL3 in patients with mutant TP53 gene was critically upregulated than those without TP53 gene mutation (P < 0.01,
Fig. 1E). Whereas, there was no significant correlation between OSBPL3 expression and gender, age, lymph node metastasis, and the
race of patients with LIHC (Fig. 1F-J).

3.2. Evaluation of the prognostic value of OSBPL3 in LIHC

We next employed Kaplan-Meier survival analysis to investigate the prognostic value of OSBPL3 in LIHC. Based on OSBPL3
expression, we divided patients of LIHC cohorts into highly and lowly OSBPL3-expressed subgroups. Our findings showed that in the
highly OSBPL3-expressed subgroup, patients with LIHC had a poorer prognosis than the other subgroup. Kaplan-Meier survival curves
showed that patients with LIHC with highly-expressed OSBPL3 had shorter survival times including OS [HR = 1.72 (1.2-2.45), log-
rank P = 0.0026], RFS [HR = 1.92 (1.23-2.99), log-rank P = 0.0033], PFS [HR = 0.78 (0.58-1.07), log-rank P = 0.12], and DSS
[HR = 0.62 (0.44-0.87), log-rank P = 0.0054] (Fig. 2A-D). Taken together, overexpressed OSBPL3 was critically correlated with poor
clinical outcomes of patients with LIHC, indicating its clinical value as a prognostic biomarker.

3.3. OSBPPL3 mutations and co-expressed genes screening

In LIHC, the somatic mutation frequency of OSBPL3 in LIHC was 1.7%, and the observed mutations were all missense mutations
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Fig. 2. Kaplan-Meier survival curves of patients with liver LIHC based on OSBPL3 expression. (A-D) Patients with LIHC in the highly-
expressed OSBPL3 subgroup have a poor prognosis. Kaplan-Meier survival curves show OS [HR = 1.72 (1.2-2.45), log-rank p = 0.0026), DSS
[HR = 1.92 (1.23-2.99), log-rank p = 0.0033], PFS [HR = 0.78 (0.58-1.07), log-rank p = 0.12], and RFS [HR = 0.62 (0.44-0.87), log-rank p =
0.0054). Abbreviations: LIHC, liver hepatocellular carcinoma; OSBPL3, oxysterol-binding protein-like 3; HR, hazard ratio; OS, overall survival; DSS,
disease-free survival; PFS, progression-free survival; RFS, relapse free survival.
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(Fig. 3A). Furthermore, the effect of putative copy-number variations, including shallow deletion, diploid, gain, and amplification on
OSBPL3 mRNA expression, are shown in Fig. 3B. Then, we screened the co-expressed genes for OSBPL3 using the cBioportal database.
The following top six most significantly co-expressed genes were selected: DCXR (Spearman coefficient: —0.60), FAM225B (Spearman
coefficient: 0.61), GRHPR (Spearman coefficient: —0.62), NFE2L3 (Spearman coefficient: 0.62), PDE7A (Spearman coefficient: 0.60),
and TRAF5 (Spearman coefficient: 0.61) (Fig. 3C-H).
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Fig. 3. Somatic mutations and co-expressed genes for OSBPL3. (A) The somatic mutation frequency of OSBPL3 in LIHC was 1.7%. (B) Effect of
putative copy-number alterations on OSBPL3 mRNA expression. (C-H) The top six critically co-expressed genes for OSBPL3: DCXR (Spearman
coefficient: —0.60), FAM225B (Spearman coefficient: 0.61), GRHPR (Spearman coefficient: —0.62), NFE2L3 (Spearman coefficient: 0.62), PDE7A
(Spearman coefficient: 0.60), and TRAF5 (Spearman coefficient: 0.61). Abbreviations: OSBPL3, oxysterol-binding protein-like 3; LIHC, liver he-

patocellular carcinoma.
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3.4. Correlation between OSBPL3 and LIHC immune-cell infiltration

Furthermore, we explored the effect of overexpressed OSBPL3 on tumor immune status using the TIMER database and determined
the correlation between OSBPL3 expression and immune purity and immune-cell infiltrating levels in LIHC. The correlation coefficient
was calculated based on Partial Spearman’s rho values. We found that OSBPL3 expression was slightly correlated with LIHC immune
purity (cor = —0.187, p = 4.57e %), Furthermore, positive correlations were observed between OSBL3 expression and the infiltration
levels of six types of immune cells, which included B cells (cor = 0.378, p = 3.70e"13), CD8* T cells (cor = 0.313, p= 3.44e79), cD4+
T cells (cor = 0.543, p = 9.58e’28), macrophages (cor = 0.553, p = 1.00e’28), neutrophils (cor = 0.451, p = 1.91e’18), and dendritic
cells (cor = 0.432,p = 6.58¢17) (Fig. 4A). We further investigated the effect of somatic copy-number variations for OSBPL3 on the
infiltration levels of various immune cells. As shown in Fig. 4B, the OSBPL3 copy-number variation was critically correlated with the
infiltration levels of B cells, CD4 ™" T cells, neutrophils, and dendritic cells (P < 0.05 for all). Collectively, these results revealed a close
relationship between OSBPL3 and LIHC tumor immune status, providing new viewpoints for LIHC immunotherapy.

3.5. OSBPL3-related DEGs and PPI network construction

We investigated the biological roles and the integrated interaction network of OSBPL3 in LIHC using the LinkedOmics database and
detected OSBPL3-related DEGs comprehensively. A total of 13,311 genes (P < 0.05) were identified, and the OSBPL3 association
results are shown in a volcano plot (Fig. 5A). The top 15 negatively and 15 positively correlated DEGs are presented in heatmaps,
respectively (Fig. 5B-C). Based on the top 100 related genes, we further constructed an integrated PPI network using the STRING
database to broaden our understanding of the OSBPL3 core regulatory network (Fig. 5D). Moreover, six hub genes, namely CEP55,
KIF23, DEPDCI1B, ANLN, IQGAP1, and ECT2, were identified from the interaction network visualized using the Cytoscape software
(Fig. 5E). The comprehensive landscape of the biological roles of OSBPL3 in interaction networks might provide novel perspectives to
study hepatocarcinogenesis.

3.6. Expression and prognostic value evaluation of the hub genes in LIHC

Next, the prognostic values of the six hub genes mentioned above were further explored in the LIHC cohort. Intriguingly, the
transcriptional levels of all hub genes were critically higher in the LIHC tissue samples than in the normal controls (P < 0.001,
Fig. 6A-F). In addition, Kaplan-Meier survival analysis was employed to detect the effect of upregulated hub genes on the survival of
patients with LIHC. The results showed that patients with LIHC with highly-expressed hub genes had a poorer prognosis than those
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Abbreviations: DEGs, differentially expressed genes; PPI, protein-protein interaction; OSBPL3, oxysterol-binding protein-like 3.

with low-expressed hub genes (Fig. 6G-L). Therefore, our results implied that the detected hub genes might be high-risk factors for

LIHC.

3.7. Functional gene enrichment analysis based on OSBPL3-related DEGs

OSBPL3, an intracellular lipid receptor, exerts diverse effects on various biological pathways. The GO enrichment analysis for
functional pathway annotation showed that OSBL3-related DEGs were mainly enriched in the biological and functional pathways,
including protein binding, mitotic cytokinesis, inorganic anion transport, and I-kappa B kinase/NF-kappa B signaling. The DEGs were
enriched in various CCs, such as the cytosol, mid-body, and nucleus. The bar diagrams of the top 10 significantly enriched pathways of
three categories of BP, MF, and CC are shown in Fig. 7A-C. The functional analysis results indicated the essential roles of OSBPL3 in

regulatory network signaling.

4. Discussion

The oxysterol-binding protein (OSBP) and OSBP-related protein (ORP) family consist of various proteins with highly-related gene
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Fig. 6. Upregulated expression of all hub genes indicates the poor survival of patients with LIHC. (A-F) Transcription levels of six hub genes
in the LIHC cohort. (G-L) Kaplan-Meier survival curves indicate that patients with LIHC with high OSBPL3 expression have shorter OS. Abbrevi-
ations: LIHC, liver hepatocellular carcinoma; OS, overall survival.

sequences. Typical OSBPs contain two major functional structures, including a highly-conserved OSBP-related domain at the carbon
terminal and a pleckstrin homology domain at the nitrogen terminal [23,24]. Accumulating evidence have shown that OSBPs played
an essential role in regulating lipid metabolism, vesicular transport, and heterogeneous membrane lipid distribution [25,26]. The
disruption of lipid distribution or aberrant metabolism caniinduce various diseases including neurodegenerative disease, metabolic
dysregulation, and cancers [27].
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Fig. 7. Gene set enrichment analysis based on OSBPL3-related DEGs. (A-C) Gene ontology functional enrichment analysis results of the top 30
enriched pathways of three major categories, namely biological processes, cellular components, and molecular functions, respectively. Abbrevia-
tions: OSBPL3, oxysterol-binding protein-like 3; DEGs, differentially expressed genes.

Not surprisingly, the dysregulated levels of OSBPs have been observed in various cancers, indicating that OSBPs might be pivotal
drivers for oncogenesis and tumor progression [28,29]. Whether the involvement of OSBPs in cancers depends upon their signaling
conduction or lipid transfer functions needs further characterization. Recent studies showed that ORP4 expression was elevated in
cancer cells and exerted an auxo-action effect on cancer cell proliferation and survival [30,31], which was considered as a potential
biomarker for a poor prognosis [32]. Moreover, highly expressed ORP5 increased the invasion rate of tumor cells and was positively
associated with poor prognosis, especially in metastasis-positive patients [33].

OSBPL3, located at chromosome 7p15.3, has emerged to play critical roles in human cancers through modulating diverse cellular
functions. In the past few decades, the abnormal upregulation of OSBPL3 has been uncovered in various malignancies, including
colorectal adenocarcinoma, osteosarcoma, testicular cancer, and lymphoma [12,34-36], indicating the oncogenic roles of OSBPL3.
However, the roles of OSBPL3 in tumor inhibition has also been reported in lymphoma [37]. In our study, the comprehensive
expression signature of OSBPL3 was investigated by a pan-cancer analysis with attention to the LIHC cohort. Consistent with previous
findings, we discovered that OSBPL3 was significantly upregulated in most types of human cancers. Moreover, we indicated the
promising clinical significance of OSBPL3 by showing its relationship with the clinicopathological characteristics of patients with
LIHC, such as advanced tumor stages and poor outcomes. Similar to our results, Zhang et al. found that the expression levels of OBSPL3
were critically higher in CRC tumor tissues than in normal controls, and overexpressed OSBPL3 was positively correlated with
shortened survival and low CRC differentiation [13]. Additionally, OSBPL3 expression could be a favorable indicator for the better
stratification of clinical outcomes of patients with CRC [14]. Researchers have proposed that OSBPL3 might function as a promoter of
cancer cell proliferation, invasion, and migration. Moreover, hyperphosphorylated OSBPL3 selectively interacted with the membrane
protein vesicle-associated membrane protein-associated protein A (VAPA) of the endoplasmic reticulum, resulting in the stimulation of
R-Ras signaling. The ORP3-VAPA interaction boosted the downstream AktS473 signaling pathway and f1-integrin activity, modu-
lating the adhesion characteristic and cell signaling conduction to foster cancer cell malignancy [10,38]. Chou et al. found that OSBPL3
was an important driver for stimulating the R-Ras/Akt pathway, serving as a promising therapeutic target in gastric cancer [39].

Recently, significant developments have been made in cancer immunology, bringing about novel immunotherapy strategies for
LIHC. Exploring the interaction between oncogenesis and the host immune system is important for discovering available effective
prognostic biomarkers and therapeutic targets [40,41]. Previous studies have shown that a tumor immune microenvironment is
shaped by immune infiltration status to a large extent [42,43]. In our study, we revealed the correlation between OSBPL3 expression
and immune-cell infiltration status and immune purity in LIHC, providing novel insights into LIHC immunotherapy.

Disease phenotypes depend on a complex network of functional synergy between multiple biomolecules [44,45], among which
PPIs are critical regarding multifunctionality, specificity, and applicability. Developing computational models for analyzing massive
datasets has been a crucial approach for broadening our understanding of diverse phenotypic disorders, including human cancers [44].
In our study, we performed a computational analysis on the integrated informative data to gain novel insights into LIHC. A total of six
hub genes were identified based on the OSBPL3-related PPI network (ANLN, CEP55, DEPDC1B, ECT2, IQGAP1, and KIF23). Intrigu-
ingly, the transcription levels of all six hub genes increased significantly in the LIHC cohort, implying their clinical significance in its
prognosis. Anillin (ANLN) was found to be upregulated in various cancers, including LIHC, and overexpressed ANLN was critically
correlated with a poor prognosis in patients with cancer [46]. Moreover, a recent study showed that ANLN promoted tumor cell growth
in hepatitis B virus-related LIHC [47]. Yang et al. showed that CEP55 played an oncogenic role in LIHC via the PI3k/Akt pathway [48].
Collectively, these six hub genes might be high-risk factors for LIHC and might significantly affect hepatocarcinogenesis. Our findings
provide novel insights into LIHC occurrence and development and further investigation of underlying mechanisms is necessary.

5. Conclusions
OSBPL3 transcription level was critically upregulated in the LIHC and there existed a close correlation between overexpressed

OSBPL3 and the clinical features especially poor outcomes of patients with LIHC. We also revealed the fundamental roles of OSBPL3 in
LIHC by constructing the comprehensive biological network, broadening our understanding of LIHC initiation and progression.
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Collectively, our findings provided new perspectives for monitoring and intervening LIHC by targeting OSBPL3.
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