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High expression of Ran binding protein 1 predicts poor outcomes 
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Background: Ran-specific binding protein 1 (RANBP1) is involved in the regulation of the cell cycle, 
while its role in hepatocellular carcinoma (HCC) is unknown. Therefore, we aimed to demonstrate the 
association of RANBP1 with clinicopathologic features and potential biological functions in HCC based on 
The Cancer Genome Atlas (TCGA) data.
Methods: We assessed RANBP1 expression and its correlation with clinicopathologic features and evaluated 
the prognostic value of RANBP1 with Kaplan-Meier survival analysis and the MethSurv database. Univariate 
and multivariate Cox regression analyses were conducted to elucidate the factors responsible for prognosis. 
The identification of a co-expression network and the analysis of related biological events with RANBP1 in 
HCC were assessed using LinkedOmics. Moreover, gene set enrichment analysis (GSEA) was employed to 
annotate the biological function of RANBP1. We also explored the correlation between RANBP1 and tumor 
immune infiltrates using a single sample GSEA (ssGSEA).
Results: The expression of RANBP1 was found significantly elevated in HCC and linked to advanced T 
stage and histopathological grade. Up-regulated RANBP1 expression was linked to poor prognosis. High 
DNA methylation levels of RANBP1 were significantly linked to very poor overall survival (OS). Co-
expression network analysis revealed that RANBP1 was involved in ribosome, spliceosome, deoxyribonucleic 
acid (DNA) replication, ribonucleic acid (RNA) transport, and cell cycle. GSEA showed enrichment of 
G2M-checkpoint, Wingless and Int-1 (Wnt) cell signaling, and DNA repair in the RANBP1 high-expression 
phenotype. By using ssGSEA analysis, the increased RANBP1 expression was positively linked to the immune 
infiltration level of T helper cell type-1 (Th1) and negatively linked to the immune infiltration levels of T 
helper cell type-17 (Th17). 
Conclusions: Findings suggest that RANBP1 may play a pivotal role in HCC prognosis and can potentially 
serve as a candidate biosignature and as a therapeutic target for HCC.
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Introduction

Hepatocellular carcinoma (HCC) is among the most 
frequent malignant tumors and has a very poor prognosis. 
It is the fifth and ninth most frequent cancer in males and 
females respectively, and the second principal cause of 
cancer death worldwide (1,2). At present, surgical resection, 
transcatheter arterial chemoembolization, transcatheter 
arterial chemoinfusion, radiofrequency ablation, and 
molecular targeted drug therapy are standard treatment 
methods for HCC, which greatly improve the survival of 
HCC patients (3). However, even after curative treatment, 
the recurrence rate of HCC in patients is still more than 
70% at 5 years (4). Only 46% of patients are diagnosed at 
an early stage (5), and many patients at intermediate and 
advanced stages cannot be cured. Although an increasing 
number of studies have assessed prognostic biomarkers 
(6-8), it remains crucial to investigate more thoroughly 
potential biomarkers that can reliably detect HCC to 
allow identification of HCC patients with poor prognoses. 
In recent study, the immune and scores of 371 cases 
were calculated for quantitative analysis of immune and 
stromal cell infiltration in the tumour microenvironment 
of hepatocellular carcinoma (HCC). The weighted 
gene co-expression network analysis and protein-
protein interaction network were analyzed to identify 
immune microenvironment-related genes (9). Therefore, 
screening HCC prognostic immune-related genes through 
bioinformatics methods and constructing a prognostic risk 
scoring model based on immune-related gene signatures 
can provide a basis for the prognosis evaluation of HCC 
patients and the clinical decision-making of individualized 
treatment (10). 

Previous studies (11,12) have demonstrated that 
Ran-specific binding protein 1 (RANBP1) plays a key 
role in Ras-related nuclear protein (RAN) dependent 
nucleocytoplasmic transport. Guanosine-5'-triphosphate 
(GTP)  enzyme act iva tor  ac t iv i ty  and guanos ine 
5'-diphosphate (GDP)-dissociation inhibitor activity 
are closely related to RANBP1. As the nuclear transport 
effector, RANBP1 combined with RAN-GTP/GDP and 
Ran GTPase-activating protein 1 (RANGAP1) form the 
Ran network (13), which has been implicated in the control 
of chromosome segregation (14) and proliferation (12) 
and mitotic stability (15). Recently, literature reported that 
RANBP1 was up-regulated and could serve as a promising 
therapeutic target in bladder cancer (16). Recent studies 
have found that RANBP1 might be up-regulated by the 

over-expression of serum and glucocorticoid-regulated 
kinase 1 (SGK1) and promoted tumor cell proliferation (13). 
As far as the authors are aware, RANBP1 expression level 
and its prognostic value in HCC remain unclear. Therefore, 
the present study focused on RANBP1 and investigated 
its potential role in HCC. In this study, the potential role 
of RANBP1 in HCC was studied through the analysis of 
the cancer genome atlas database, which provided new 
insights into the pathogenesis of HCC, and may serve as a 
new candidate biomarker and therapeutic target for HCC. 
We present the following article in accordance with the 
REMARK reporting checklist (available at https://dx.doi.
org/10.21037/jgo-21-541).

Methods

Ribonucleic acid (RNA)-sequence data and clinic 
information of HCC from The Cancer Genome Atlas 
(TCGA) and UCSC Xena

In this study, Ran-sequence data for 371 patients with HCC 
and 50 cases of neighboring healthy tissues and matching 
patients’ clinical information were collected from the Liver 
Hepatocellular Carcinoma (LIHC) project of TCGA 
(https://portal.gdc.cancer.gov/). The RNA-sequence data 
combined TCGA and genotype-tissue expression (GTEx) 
healthy specimens through toil process (17) and were 
abstracted from the UCSC Xena web resource (https://
xenabrowser.net/datapages/). We discarded the data 
without clinical information or gene expression values. 
Clinicopathological parameters included age, gender, 
pathologic stage, tumor/node/metastases (T/N/M) stage, 
residual tumor, fibrosis Ishak score, vascular invasion, 
Child-Pugh grade, and race (these data are summarized in 
Table 1). Comparisons of the gene expression profiles of the 
tumors with those of neighboring healthy tissues of HCC 
were carried out. We transformed level 3 HTSeq-FPKM 
data to transcripts per million reads (TPM) for further 
analyses. This study met TCGA publication guidelines. 
The study was conducted in accordance with Declaration of 
Helsinki (as revised in 2013).

Validation of differential expression in the Integrative 
Molecular Database for Hepatocellular Carcinoma 
(HCCDB) and Human Protein Atlas (HPA) database

The HCCDB database (http://lifeome.net/database/hccdb/) 
is an online and user-friendly website that can provide 

https://dx.doi.org/10.21037/jgo-21-541
https://dx.doi.org/10.21037/jgo-21-541
https://portal.gdc.cancer.gov/
https://xenabrowser.net/datapages/
https://xenabrowser.net/datapages/
http://lifeome.net/database/hccdb/
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Table 1 Clinicopathological characteristics of high-/low-RANBP1 expression group in HCC

Characters
RANBP1 expression

P Test*
Low High

T stage (n, %) 0.010 –

T1 104 (56.2) 77 (42.1)

T2 47 (25.4) 47 (25.7)

T3 28 (15.1) 52 (28.4)

T4 6 (3.2) 7 (3.8)

N stage (n, %) 0.622 Exact

N0 124 (99.2) 128 (97.7)

N1 1 (0.8) 3 (2.3)

M stage (n, %) 0.623 Exact

M0 131 (99.2) 135 (97.8)

M1 1 (0.8) 3 (2.2)

Pathologic stage (n, %) 0.038 Exact

Stage I 96 (55.2) 75 (43.4)

Stage II 44 (25.3) 42 (24.3)

Stage III 32 (18.4) 53 (30.6)

Stage IV 2 (1.1) 3 (1.7)

Residual tumor (n, %) 0.711 Exact

R0 167 (95.4) 157 (94.0)

R1 8 (4.6) 9 (5.4)

R2 0 (0.0) 1 (0.6)

Histologic grade (n, %) <0.001 –

G1 33 (17.8) 22 (12.2)

G2 105 (56.8) 72 (39.8)

G3 44 (23.8) 78 (43.1)

G4 3 (1.6) 9 (5.0)

Gender (n, %) 0.356 –

Female 56 (30.1) 65 (35.1)

Male 130 (69.9) 120 (64.9)

Adjacent hepatic tissue inflammation (n, %) 0.326 –

Mild 49 (38.6) 50 (46.7)

None 66 (52.0) 51 (47.7)

Severe 12 (9.4) 6 (5.6)

Table 1 (continued)
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the expression patterns and the annotation of transcripts 
of HCC genes (18); it was further utilized to assess the 
expressing level and co-expressed network of RANBP1 in 
HCC. In parallel, HPA (https://www.proteinatlas.org/) is a 
public database that describes all the human proteins in cell 
lines, tissues, and organs using immunohistochemistry (19).  
In our study, HPA was utilized to evaluate the protein 
expression of RANBP1 among HCC patients’ tissues and 
normal human tissues.

Statistical analysis to explore relationships between 
RANBP1 and clinicopathological factors

The differences in the RANBP1 expressions between 
healthy tissues and tumors in HCC cohorts are shown 
in box figures, which were prepared using ggplot2 in R 

Version 3.6.2 (The R Foundation for Statistical Computing, 
Vienna, Austria). Kruskal-Wallis tests, Spearman's rank 
correlations and Wilcoxon signed-rank tests were used to 
explore the relationships between the clinicopathological 
features and RANBP1 expressions. Receiver operating 
characteristic (ROC) analysis was performed by R package 
survival ROC Version 1.0.3 (The R Foundation for 
Statistical Computing, Vienna, Austria). Moreover, Kaplan-
Meier curves were employed to measure overall survival 
(OS), progression-free interval (PFI), and the disease-
specific survival (DSS) difference between the high and low 
RANBP1 expression groups in the HCC cohorts of TCGA 
by using the survminer R package (The R Foundation for 
Statistical Computing, Vienna, Austria). The differences 
between the survival curves were examined by the log-rank 
test. The prognostic data of PFI and DSS were obtained 

Table 1 (continued)

Characters
RANBP1 expression

P Test*
Low High

Child-Pugh grade (n, %) 1.000 Exact

A 117 (90.7) 100 (90.9)

B 11 (8.5) 10 (9.1)

C 1 (0.8) 0 (0.0)

Fibrosis Ishak score (n, %) 0.914 –

0 39 (33.9) 35 (36.1)

1/2 18 (15.7) 13 (13.4)

3/4 14 (12.2) 14 (14.4)

5/6 44 (38.3) 35 (36.1)

Vascular invasion (n, %) 0.138 –

No 114 (69.5) 92 (60.9)

Yes 50 (30.5) 59 (39.1)

Age (n, %) 0.261 –

≤60 82 (22) 95 (29.6)

>60 105 (28.2) 59 (18.6)

Race (n, %) 0.250 –

Asian 72 (19.9) 88 (24.3)

Black or African American 10 (2.8) 7 (1.9)

White 98 (27.1) 87 (24)

*, Chi-square test is used by default for categorical variables, and ‘exact’ means that the statistical method is Fisher’s exact test. RANBP1, 
Ran-specific binding protein 1; HCC, hepatocellular carcinoma.

https://www.proteinatlas.org/
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from the article published by Liu et al. (20). Univariate and 
multivariate Cox regressions were employed to evaluate 
the expression of RANBP1 and the survival rate of patients 
with given clinical factors (age, sex, grade, clinical stage, T/
N/M stage, etc.) (21). During all the analyses in this study, 
a statistically significant difference was defined as a P value 
less than 0.05.

MethSurv database analysis

MethSurv (https://biit.cs.ut.ee/methsurv/) is a web tool for 
visualization of methylation biomarkers and their survival 
analysis based on the patterns of CpG methylation (22). We 
employed this web tool to analyze the DNA methylation 
sites of RANBP1 in TCGA database and to perform survival 
analysis of all the methylation sites.

Co-expression network and hub gene selection

To further identify the co-expression network, the 
LinkedOmics database (21) (http://www.linkedomics.org/
admin.php) was requisitioned; it allows for analysis of 
multi-omics data within and across 32 cancer types (23).  
The filter conditions were as follows: cancer cohort: 
TCGA_LIHC; search dataset: TCGA_LIHC (RNAseq); 
search dataset attribute: RANBP1; search target dataset: 
TCGA_UCEC (RNAseq); and search statistical method: 
Pearson correlation coefficient test. The top 100 positive 
co-expression genes were mapped onto the STRING 
website (https://string-db.org/) (24) to enroll in the protein-
protein interaction (PPI) network, and the PPI network 
was visualized in Cytoscape (Version 3.7.1) software. 
Subsequently, hub genes were selected using the Molecular 
Complex Detection (MCODE) plug-in.

Gene set enrichment analysis (GSEA)

GSEA (25) was performed using the gseGO and gseKEGG 
function of the clusterProfiler package Version 3.14.3 
(Bioconductor, Roswell Park Comprehensive Cancer 
Center, Buffalo, NY, USA) (26), respectively, to assess the 
underlying function and pathway difference between high- 
and low-RANBP1 expression sections. The adjusted P-value 
(<0.05), false discovery rate (FDR) q-value (<0.25), and 
normalized enrichment score (|NES|>1) were employed to 
sort the pathway enriched in each phenotype. Based on the 
default-weighted enrichment statistical method, the gene 

set permutations procedure was repeated 1,000 times for 
each assessment.

Correlation between RANBP1 expression and immune 
infiltration

The infiltration analysis of the immune cell was assessed 
via single-sample GSEA (ssGSEA) using R package GSVA 
Version 3.6.3 (The R Foundation for Statistical Computing, 
Vienna, Austria) (27), in which the enrichment score 
was displayed in a sample as per the expression levels of 
immune cell-distinct marker genes. Marker genes for 24 
immune cells in tissues were acquired from the Bindea 
et al. (28) study. The analysis of ssGSEA was performed 
based on the GenePattern environment (Broad Institute, 
Cambridge, MA, USA) (29). To explore the relationship of 
RANBP1 with the infiltration levels of immune cells and the 
association of invasion of immune cells with the different 
expression groups of RANBP1, the Wilcoxon rank sum test 
and Spearman’s correlation test were used.

Statistical analysis

We assessed RANBP1 expression and its correlation with 
clinicopathologic features and evaluated the prognostic 
value of RANBP1 with Kaplan-Meier survival analysis 
and the MethSurv database. Univariate and multivariate 
Cox regression analyses were conducted to elucidate 
the factors responsible for prognosis. The identification 
of a co-expression network and the analysis of related 
biological events with RANBP1 in HCC were assessed using 
LinkedOmics. Moreover, gene set enrichment analysis 
(GSEA) was employed to annotate the biological function 
of RANBP1. We also explored the correlation between 
RANBP1 and tumor immune infiltrates using a single 
sample GSEA (ssGSEA). 

Results

Expression of RANBP1 in tumors and neighboring healthy 
tissues of HCC

We first compared the expression of RANBP1 in tumors 
and neighboring healthy tissues of HCC patients through 
analyzing data abstracted from TCGA. As indicated 
in Figure 1A, the expression of RANBP1 in the tumors 
was significantly up-regulated compared with that in 
neighboring healthy tissues (P<0.001). Given the data 

https://biit.cs.ut.ee/methsurv/
http://www.linkedomics.org/admin.php
http://www.linkedomics.org/admin.php
https://string-db.org/
https://www.roswellpark.org/
https://www.roswellpark.org/
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imbalance in the tumors (371 cases) and neighboring 
healthy tissues (50 cases), we also measured the expression 
profiles of RANBP1 in the neighboring healthy tissues and 
their paired tumors, and the RANBP1 expression in the 
tumors was still significantly higher in contrast to that in 
neighboring healthy tissues (Figure 1B, P<0.001).

To provide a more comprehensive evaluation of 
RANBP1 expression in tumors, we integrated the RNA-
sequence data in TPM format from TCGA and the GTEx 
cohort from UCSC Xena, using the UCSC Toil process to 
remove batch effects and to allow for sample merging (17).  
As shown in Figure 1C, the expression of RANBP1 in the 
tumors was still noticeably higher than that in healthy 
tissues (P<0.001).

To explore the potential application value of RANBP1 
in the diagnosis of HCC, we employed a ROC curve. 
As indicated in Figure 1D, the area of under the curve 
(AUC) was 0.840, showing that RANBP1 exhibited good 
classification accuracy and predictive power in patients  
with HCC.

We next validated the differential transcription levels 
of RANBP1 in the HCCDB database with multiple HCC 
clinical cohorts. Through the analysis of 7 out of 10 HCC 
clinical cohorts, we found that messenger ribonucleic 
acid (mRNA) expression of RANBP1 in HCC tissues 
was significantly up-regulated compared with that in 
normal liver tissues (Figure S1A). Moreover, HPA was 
requisitioned used to assess the protein expression levels 
of RANBP1 in normal and cancer tissues. As shown in 
Figure S1B, the RANBP1 protein level assessed using 
antibody HPA0659341 was overexpressed in HCC 
samples compared with that in normal liver samples  
(Figure S1B,S1C). In general, both mRNA and protein 
level for RANBP1 expression was significantly up-regulated 
in HCC.

We also compared RANBP1 expression between tumor 
and neighboring samples in 33 cancer types in TCGA 
(Figure 1E) and the UCSC Xena cohort (Figure 1F). It 
was observed that RANBP1 was also overexpressed in the 
following tumors, with a |log2FC| cutoff >1, and a P value 
<0.05, including breast invasive carcinoma (BRCA), LIHC, 
bladder urothelial carcinoma (BLCA), cervical squamous 
cell carcinoma and endocervical adenocarcinoma (CESC), 
cholangiocarcinoma (CHOL), esophageal carcinoma 
(ESCA), colon adenocarcinoma (COAD), glioblastoma 
multiform (GBM), head and neck squamous cell carcinoma 
(HNSC), kidney renal clear cell carcinoma (KIRC), lung 
adenocarcinoma (LUAD), prostate adenocarcinoma 

(PRAD), lung squamous cell carcinoma (LUSC), rectal 
adenocarcinoma (READ), sarcoma (SARC), stomach 
adenocarcinoma (STAD), uterine corpus endometrial 
carcinoma (UCEC), etc. These results revealed that 
RANBP1 might play an oncogenic role in HCC progression.

Clinicopathological characteristics of high-/low-RANBP1 
expression group in HCC

To evaluate whether the expression levels of RANBP1 
are related to the progression of HCC, we explored 
the correlations between RANBP1 expression and the 
clinicopathological features in 371 individuals with HCC. 
For this assessment, patient specimens were clustered into 
two groups on the basis of the median expression level 
of RANBP1, i.e., the high-expression group and the low-
expression group for further study. The characteristics of 
HCC patients in TCGA including gender, race, T/N/M  
stage, histologic grade, pathologic stage, and vascular 
invasion were collected, as shown in Table 1. In general, 
we found the RANBP1 expression level was significantly 
correlated with T-stage (P=0.01), pathologic stage (P=0.038), 
and histologic grade (P<0.001) using Fisher’s exact test or 
chi-square test. No correlation was found between RANBP1 
expression and the other clinicopathologic features (Table 1 
and Figure 2A-2C).

As shown in Figure 2D-2F, using further sub-group 
analyses, the expression profiles of RANBP1 performed 
significantly differently in T stage (P=0.01), pathologic stage 
(P=0.038), and histologic grade (P<0.001), and it showed 
higher RANBP1 expression levels linked to advanced T 
stage and histologic grade. Thus, RANBP1 expression was 
involved in speeding up the process of HCC.

Survival outcomes and multivariate analyses

Kaplan-Meier survival analysis was used to assess the 
relationship between RANBP1 expression levels and 
prognosis. As shown in Figure 3A-3C, the Kaplan-Meier 
survival analysis demonstrated that HCC with high 
RANBP1 expression was linked to very poor OS (HR: 
1.95; 95% CI: 1.36–2.78; P<0.001), unfavorable PFI (HR: 
1.58; 95% CI: 1.17–2.12; P=0.002), and worse DSS (HR: 
2.12; 95% CI: 1.34–3.36; P=0.001) compared with the low 
RANBP1 expression group. Furthermore, we analyzed the 
association between RANBP1 expression level and survival 
in the subgroup of patients with low histologic grades 
(G1 and G2). The results showed that the high RANBP1 

https://cdn.amegroups.cn/static/public/JGO-21-541-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JGO-21-541-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JGO-21-541-Supplementary.pdf
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expression group had a shorter OS (HR: 1.68; 95% CI: 
1.06–2.64; P=0.026) and PFI (HR: 1.81; 95% CI: 1.24–2.65;  
P=0.002) regarding histologic grade (Figure 3A-3C), 
indicating the prognostic value of RANBP1 in patients with 
early-stage HCC.

These results proved that elevated RANBP1 expression 
was linked to unfavorable outcomes in individuals  
with HCC.

To further confirm this result, we downloaded survival 
data from TCGA databases and performed survival analysis 
to investigate the clinical relevance of RANBP1 expression 
in patient survival. As shown in Table 2, univariate 
analysis demonstrated that high RANBP1 expression was 
significantly linked to very poor OS (HR: 1.946; 95% CI: 
1.364–2.775; P<0.001); other clinicopathologic variables 

associated with poor survival included advanced T stage 
(HR: 2.109; 95% CI: 1.47–3.03; P<0.001). As shown 
in Figure 3D-3F, a multivariate Cox regression analysis 
indicated that RANBP1 remained independently associated 
with OS (HR: 1.78; 95% CI: 1.11–2.89; P=0.018). Similar 
results were also obtained for PFI (Table S1) and DSS  
(Table S2) for patients with HCC.

Visualization of the DNA methylation levels of RANBP1 
and their prognostic values in HCC

We employed the MethSurv tool to visualize the DNA 
CpG methylation levels of RANBP1 (Figure 4A). Three 
CpGs loci were selected in the RANBP1 gene, including 
cg17561788, cg07620854, and cg11684740 (Figure 4B-4D).  

Figure 2 The association with the expression of RANBP1 and clinical characteristics on TCGA database. (A) RANBP1 expression in HCC 
tumor tissues among different age groups. (B) RANBP1 expression in HCC tumor tissues for males and females. (C) RANBP1 expression 
in HCC in different races. Kruskal-Wallis rank sum test was applied in this study. (D) RANBP1 expression associations between normal 
tissues and different clinicopathologic T stages. (E) RANBP1 expression associations between normal tissues and different histologic grades. 
(F) RANBP1 expression associations between normal tissues and different pathologic stages. *, P<0.05; **, P<0.01; ***, P<0.001; ns, not 
significant. RANBP1, Ran-specific binding protein 1; TCGA, The Cancer Genome Atlas; HCC, hepatocellular carcinoma.
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Furthermore, the prognostic value of the three CpGs was 
explored. As displayed in Figure 4, all of the three CpGs were 
associated with survival outcomes. High DNA methylation 
levels of cg17561788 (P=0.019), cg07620854 (P<0.001), 
and cg11684740 (P<0.001) were significantly correlated  
with very poor OS in HCC patients (Figure 4B-4D).

Co-expression network of RANBP1 in HCC and selection 
of hub genes

To gain a better understanding of the biological function 
of RANBP1 in HCC, the function module in linkedOmics 
was used to analyze the co-expression pattern of RANBP1 
in HCC patients in TCGA database. As illustrated in  
Figure 5A, the volcano plot showed RANBP1-related 
different expression genes (DEGs) (FDR<0.01) with 

4580 positively correlated genes (dark red dots) and 4255 
negatively correlated genes (dark green dots). Figure 5B,5C 
shows the heatmaps of the top 50 genes positively and 
negatively correlated with RANBP1, respectively. This 
result implies that RANBP1 and the positively correlated 
co-expression genes form a complex regulatory network, 
which co-regulates the progression of HCC.

Gene Ontology (GO) term annotation illustrated that 
genes differentially expressed in association with RANBP1 
were located mainly in the endoplasmic reticulum, 
translational initiation, ribosomal ribonucleic acid (rRNA) 
metabolic process, ribonucleoprotein complex biogenesis, 
non-coding ribonucleic acid (ncRNA) processing, and RNA 
catabolic process, etc. (Figure 5D). Kyoto Encyclopedia of 
Genes and Genomes (KEGG) pathway analysis illustrated 
enrichment in ribosome, spliceosome, DNA replication, 

Figure 3 Kaplan-Meier survival analysis of HCC patients with respect to RANBP1 expression, including impact of RANBP1 expression on 
OS (A), PFI (B), and DSS (C) in HCC patients in TCGA cohort. Kaplan-Meier survival analysis of OS (D), PFI (E), and DSS (F) in HCC 
patients with low histologic grade subgroup (G1 & G2). HCC, hepatocellular carcinoma; RANBP1, Ran-specific binding protein 1; OS, 
overall survival; PFI, progression-free interval; DSS, disease-specific survival; TCGA, The Cancer Genome Atlas.
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RNA transport, ribosome biogenesis in eukaryotes, 
pyrimidine metabolism, RNA polymerase, cell cycle, etc. 
(Figure 5E).

To further validate the co-regulated relationship of the 
top 100 positively related genes of RANBP1 in HCC, a 
PPI network was established using the STRING website  
(Figure 5F). Then, 19 key genes were identified and screened 
using the MCODE plugin of Cytoscape software, in 
which the small nuclear ribonucleoprotein D1 polypeptide 
(SNRPD1) gene (yellow color) was most strongly associated 
with the RANBP1 expression level (Figure 5G).

RANBP1-related signaling pathways based on GSEA

To explore the potential signaling pathways activated 
in HCC, we conducted GSEA between the low and the 
high RANBP1 expression data set. As shown in Table 3, 
significant differences (FDR <0.05, normalized P<0.05) 
in the enrichment of the Molecular Signatures Database 
(MSigDB) Collection (c5. all. v7.0. symbols and h. all. 
v7.0. symbols) of the diverse cascades were observed. We 
chose the most significant signaling pathways on the basis 
of NES (Figure 6 and Table 3). Figure 6 shows that GO cell 

signaling by Wingless and Int-1 (Wnt), GO chromatin 
assembly or disassembly, GO DNA binding transcription 
activator activity, GO immune response regulating cell 
surface receptor signaling pathway, GO immunoglobulin 
production, GO microtubule cytoskeleton organization, 
GO organelle fission, GO DNA repair,  and G2M 
checkpoint are differentially enriched in the RANBP1 high 
expression phenotype.

The correlation between RANBP1 expression and immune 
infiltration

We then investigated whether RANBP1 expression was 
related to immune invasion levels (generated by ssGSEA) 
in HCC using Spearman correlation. As shown in Figure 7,  
the infiltrating levels of T helper cell type-1 (Th1), T 
follicular helper cells (Tfh), and NK CD56bright cells 
were significantly and positively correlated with RANBP1 
expression. On the contrary, T helper cell type-17 (Th17), 
dendritic cells (DCs), and neutrophil infiltration levels 
were significantly and negatively correlated with RANBP1 
expression. Meanwhile, the infiltrating levels of Th2 cells, 
Tfh, and NK CD56bright cells were significantly higher in 

Table 2 Univariate and multivariate Cox proportional hazards analysis of RANBP1 expression and OS for patients with HCC in TCGA cohort

Characteristics
Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

T stage (T2 & T3 & T4 vs. T1) 2.109 (1.469–3.028) <0.001 0.872 (0.118–6.455) 0.893

N stage (N1 vs. N0) 2.004 (0.491–8.181) 0.333

M stage (M1 vs. M0) 4.032 (1.267–12.831) 0.018 1.726 (0.412–7.234) 0.456

Pathologic stage (stage II & stage III & stage IV vs. stage I) 2.074 (1.418–3.032) <0.001 2.527 (0.329–19.428) 0.373

Histologic grade (G3 & G4 vs. G1 & G2) 1.120 (0.781–1.606) 0.539

Residual tumor (R1 & R2 vs. R0) 1.571 (0.795–3.104) 0.194

Age (>60 vs. ≤60) 1.248 (0.880–1.768) 0.214

Gender (male vs. female) 0.816 (0.573–1.163) 0.260

Race (White vs. Asian & Black or African American) 1.245 (0.867–1.789) 0.235

Child–Pugh grade (B & C vs. A) 1.616 (0.797–3.275) 0.183

Fibrosis Ishak score (1/2 & 3/4 & 5/6 vs. 0) 0.779 (0.470–1.293) 0.334

Adjacent hepatic tissue inflammation (mild & severe vs. none) 1.228 (0.755–1.997) 0.409

Vascular invasion (yes vs. no) 1.348 (0.890–2.042) 0.159

RANBP1 (high vs. low) 1.946 (1.364–2.775) <0.001 1.788 (1.107–2.888) 0.018

CI, confidence interval; HR, hazard ratio; RANBP1, Ran-specific binding protein 1.
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the high-RANBP1 expression samples compared to the low 
expression ones, and the infiltrating levels of Th17 cells, 
neutrophils, and DCs were significantly lower in high-
RANBP1 expression samples compared with low expression 
ones using the Wilcoxon rank sum test.

Discussion

The RANBP1 was a partner of Ras-related nuclear protein 

(Ran), with the function that regulates diverse processes 

as a versatile GTPase (28,29). Noteworthily, a growing 

Figure 4 DNA methylation sites of RANBP1 and their prognostic values in HCC. (A) The DNA methylation clustered expression of 

RANBP1. OS curve of cg17561788 (B), cg07620854 (C), and cg11684740 (D) in HCC patients in MethSurv (https://biit.cs.ut.ee/
methsurv/). DNA, desoxyribonucleic acid; RANBP1, Ran-specific binding protein 1; HCC, hepatocellular carcinoma; OS, overall survival.
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Figure 5 Co-expression genes and protein-protein interaction network associated with RANBP1 expression in HCC. (A) Volcano plot 
showing the positively and negatively correlated genes in LIHC). (B,C) The top 50 positively and negatively correlated genes with RANBP1 
in heat maps. (D) Significant enriched GO annotations of RANBP1 in LIHC. (E) Significant enriched KEGG pathways of RANBP1 in 
LIHC. (F) The PPI network of RANBP1 expression. (G) The hub genes of RANBP1 co-expression network. RANBP1, Ran-specific 
binding protein 1; HCC, hepatocellular carcinoma; LIHC, Liver Hepatocellular Carcinoma; PPI, protein-protein interaction; SNRPD1, 
small nuclear ribonucleoprotein D1 polypeptide; SNRPD2, small nuclear ribonucleoprotein D2 polypeptide; SNRPD3, small nuclear 
ribonucleoprotein D3 polypeptide; SNRPG, small nuclear ribonucleoprotein polypeptide G; SNRPB, small nuclear ribonucleoprotein 
polypeptides B And B1; SNRPB2, small nuclear ribonucleoprotein polypeptides B2; SNRPA, small nuclear ribonucleoprotein polypeptide 
A; SRRT, serrate RNA effector molecule; SRSF3, serine and arginine rich splicing factor 3; SNRNP40, small nuclear ribonucleoprotein U5 
subunit 40; POLR2H, RNA polymerase II, I And III subunit H; LSM2, LSM2 homolog, U6 small nuclear RNA and MRNA degradation 
associated; LSM8, LSM8 homolog, U6 small nuclear RNA associated; HNRNPL, heterogeneous nuclear ribonucleoprotein L; CPSF4, 
cleavage and polyadenylation specific factor 4; HNRNPM, heterogeneous nuclear ribonucleoprotein M; SF3A3, splicing factor 3a subunit 3; 
ALYREF, Aly/REF export factor; PHF5A, PHD finger protein 5A.
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number of studies found that the genes encoding Ran and 
its partners are abnormally expressed in cancer cells (30-33).  
Without exception, RANBP1 was also found to be 
abnormally expressed in many cancers (34). Therefore, we 
paid attention to the quantity of RANBP1 and its potential 
for prognosis in HCC.

In the present study, we found that RANBP1 expression 
was elevated in pan-cancer and especially in HCC. 
Our study has provided a deeper understanding of the 
relationship between RANBP1 expression and clinical 
features, prognosis, immune cell infiltration, and key 
genes in HCC. Our results demonstrate that RANBP1 
expression was linked to the patient’s T stage, pathologic 
stage, histologic grade, and survival analysis indicated 
that RANBP1 might serve as a potential prognostic and 
prognostic marker in early-stage HCC.

As we know, the expression and function of genes could 
be affected by DNA methylation. Some studies demonstrate 
that the methylation status of associated genes is associated 
with cell proliferation and migration (35), and therefore 
we also analyzed the methylation status of RANBP1 
promotors in HCC. At present, we showed that RANBP1 
was up-regulated in HCC and the high methylation level 
of the three CpG sites of RANBP1 was associated with 
poor outcomes. However, this is different from the well-
known theory that DNA methylation in the promoter 
region often leads to gene silencing (36). One possible 
conjecture is that RANBP1 methylation status might be 
regulated by a complex network in the tumorigenesis of 
HCC. Further study is needed to elucidate the molecular 

mechanisms. To assess the signaling network in controlling 
abnormal expression of RANBP1, we further investigated 
the co-expression network. SNRPD1 was found to be most 
strongly associated with RANBP1 expression, and several 
studies reported that the overexpressed SNRPD1 was 
significantly associated with poor outcomes in LUAD (37).  
Moreover, these co-expression genes are involved in 
DNA replication and the RNA transport process, which 
is consistent with the function of RANBP1. All findings 
indicate that RANBP1 is regulated by a complex network 
and associated with a poor prognosis of HCC.

The GO and KEGG enrichment analysis, such as 
translational initiation, ribosome, spliceosome, DAN 
replication, RNA transport, and cell cycle indicated that 
RANBP1 was relevant to cell growth and proliferation. A 
GSEA analysis showed roles in G2M-checkpoint, chromatin 
assembly, DNA binding transcription, DNA repair, and 
Wnt cell signaling. This is consistent with GO and KEGG 
enrichment founding. The alteration of the cell cycle has 
been acknowledged as one of the hallmarks of cancer. The 
G2M-checkpoint mediates G2-M cell cycle transition (38). 
Wnt cell signaling is pivotal for proliferation, as well as the 
maintenance of cancer stem cell-like traits of diverse cancer 
cells. Also, several studies found that G2M-checkpoint (39),  
Wnt cell signaling (40), and DNA repair (41) were closely 
correlated with the initiation and development of tumor 
cells. It indicated that the high expression of RANBP1 
may affect cell growth and proliferation through G2M 
checkpoints and Wnt cell signaling. These findings 
further support the relationship between RANBP1 and 

Table 3 Gene sets enriched in high phenotype

MSigDB collection Gene set name NES p.adjust FDR

c5.all.v7.0.symbols.gmt GO_CELL_CELL_SIGNALING_BY_WNT 1.593 0.018 0.012

GO_CHROMATIN_ASSEMBLY_OR_DISASSEMBLY 2.33 0.018 0.012

GO_DNA_BINDING_TRANSCRIPTION_ACTIVATOR_ACTIVITY 2.061 0.018 0.012

GO_IMMUNE_RESPONSE_REGULATING_CELL_SURFACE_
RECEPTOR_SIGNALING_PATHWAY

2.288 0.018 0.012

GO_IMMUNOGLOBULIN_PRODUCTION 2.616 0.018 0.012

GO_MICROTUBULE_CYTOSKELETON_ORGANIZATION 2.067 0.018 0.012

GO_ORGANELLE_FISSION 2.402 0.018 0.012

GO_DNA_REPAIR 2.271 0.018 0.012

h.all.v7.0.symbols.gmt HALLMARK_G2M_CHECKPOINT 2.87 0.006 0.003

Gene sets with p.adjust <0.05 and FDR <0.25 are considered as significant. NES, normalized enrichment score; FDR, false discovery rate; 
MSigDB, Molecular Signatures Database. 
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Figure 6 Enrichment plots from GSEA. GSEA results showing signaling by Wnt (A), chromatin assembly or disassembly (B), DNA binding 
transcription activator activity (C), cell surface receptor signaling pathway (D), immunoglobulin production (E), microtubule cytoskeleton 
organization (F), organelle fission (G), DNA repair (H), G2M-checkpoint (I). The GSEA software was used to calculate enrichment levels. 
GSEA, gene set enrichment analysis; DNA, desoxyribonucleic acid; ES, enrichment score; NES, normalized ES; p. adj, adjust P value; FDR, 
false discovery rate.
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tumorigenesis.
In fact, RANBP1 is a component of the cell cycle-

regulated Ran network in mammalian cells, where the 
quantities are highest during the G2 and M phases (42). 
Several observations indicate that RanBP1 contributes to 
regulate the function of the mitotic apparatus: RanBP1 
inactivation yields hyperstable MTs and induces apoptosis 
during mitosis (43). It has previously been found that 
RanBP1 down-regulation yields hyperstable mitotic 
microtubules (MTs) and induction of apoptosis by changing 
the distribution of hepatoma up-regulated protein (HURP), 
which is viewed as a potential oncogene (15). It is possible 
that up-regulated RANBP1 results in inadequate apoptosis 
and promotes tumorigenesis and contributes to a poor 
outcome.

Exosomes are now considered as important mediators 
of host anti-tumor immune response as well as tumor cell 
immune escape. HCC-derived exosomes have been shown 
to attenuate the cytotoxicity of T-cells and NK cells, and 
promote the immuno-suppressive M2 macrophages, N2 
neutrophils, and Bregs (44). Meanwhile, immune cells are 
also known as key players in the HCC microenvironment 
and show complicated crosstalk with cancer cells (45). A 
noteworthy conclusion of this work involves the relationship 
between the expression of RANBP1 and the level of 
immune invasion in HCC. The ssGSEA analysis revealed 
a significant relationship between RANBP1 expression and 

the infiltration levels of Th2 cells, Tfh cells, CD56 bright 
cells, Th17 cells, DCs, and neutrophils in HCC, indicating 
an important effect of RANBP1 in regulating the tumor 
immune microenvironment of HCC.

We found that the proportions of Th2 cells had 
significant positive correlations with RANBP1, whereas 
Th17 cells had significant negative correlations. A large 
number of studies found that strong Th2 infiltration was 
linked to poor outcomes in ovarian cancer (46), pancreatic 
cancer (47), and gastric cancer (48). It has also been 
reported (49) that Th2 cells may be involved in aggressive 
tumors through activation of B cells or production of 
immunosuppressive cytokine interleukin 10 (IL-10) (49). 
In our study, we found that the high expression of RANBP1 
showed a positive correlation with infiltration levels of Th2 
cells. The correlation may indicate the potential regulating 
role of RANBP1 in tumor-associated B cells and cytokine 
production. Moreover, previous studies have shown that 
the infiltration levels of Th17 cells were related to better 
survival in ovarian cancer (50), oesophageal cancer (51), 
and gastric cancer (52). However, the higher expression 
of RANBP1 and the lower infiltration of Th17 cells 
also indicated that high RANBP1 expression might be a 
poor prognostic factor. Collectively, these findings show 
that RANBP1 plays a crucial role in the regulation and 
recruitment of immune infiltrating cells in HCC. However, 
the underlying mechanism of RANBP1 and immune cells 

Figure 7 Expression level of RANBP1 was associated with immune infiltration in tumor microenvironment. (A) The lollipop chart shows 
the correlation between the RANBP1 expression level and relative quantities of 24 types of immune cells in HCC patients. The expression 
level (TPM) of RANBP1 is significantly and positively correlated with infiltrating levels of NK CD56bright cells (E,K), Tfh cells (F,L), 
Th2 cells (G,M), and significantly and negatively correlated with infiltrating levels of Th17 cells (B,H), neutrophils (C,I), and DCs (D, J) in 
HCC. RANBP1, Ran-specific binding protein 1; Th17, type-17 T helper cells; Th1, type-1 T helper cells; Th2, type-2 T helper cells; DCs, 
dendritic cells; aDCs, activated dendritic cells; iDCs, immature dendritic cells; Th, T helper cells; Treg, regulatory T cells; Tgd, gamma 
delta T cells; Tcm, central memory T cells; Tem, effector memory T cells; Tfh, follicular helper T cells.
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needs to be further elucidated.
In conclusion, we demonstrated that RANBP1 plays 

a pivotal role in the molecular mechanism of HCC 
tumorigenesis, that high expression of RANBP1 is a 
prospective prognostic molecular marker for very poor 
survival in HCC, and that G2M-checkpoint, Wnt cell 
signaling, and DNA repair may be the key pathways for 
RANBP1 regulation in HCC. Also, RANBP1 may have 
an essential impact on immune infiltration and has the 
potential to serve as a prospective candidate diagnostic 
biomarker, prognostic factor, and therapeutic target of 
HCC. Nevertheless, we are aware of some limitations of 
our work, including that more clinical factors need to be 
considered to fully clarify the exact role of RANBP1 in the 
development of HCC, and that there is no experimental 
proof of the mechanism between RANBP1 and immune 
cells in HCC. Future work needs to focus on the precise 
mechanism of the association between high expression 
RANBP1 with poor outcome and the regulatory mechanism 
between RANBP1 and immune cells.
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Figure S1 The expression level of RANBP1 in HCC. (A) Chart and plot showing the expression of RANBP1 in tumor tissues and 
the adjacent normal tissues, according to t-test using the Integrative Molecular Database for Hepatocellular Carcinoma (HCCDB). 
(B) The protein expression of RANBP1 in HCC from the HPA. (C) Distribution of RANBP1 in HCC. The staining method was 
immunohistochemistry staining (200 μm). Color images are available online (Open access and available on the Human Protein Atlas: https://
images.proteinatlas.org/65931/162102_A_8_4_medium.jpg; https://images.proteinatlas.org/65931/162101_B_9_3.jpg). RANBP1, Ran-
specific binding protein 1; HCC, hepatocellular carcinoma; HPA, Human Protein Atlas.
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Table S1 Univariate and multivariate Cox proportional hazards analysis of RANBP1 expression and progress-free interval for patients with HCC 
in The Cancer Genome Atlas cohort

Characteristics
Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

T stage (T2 & T3 & T4 vs. T1) 2.384 (1.757–3.235) <0.001 0.700 (0.092–5.335) 0.730

N stage (N1 vs. N0) 1.385 (0.342–5.611) 0.648

M stage (M1 vs. M0) 3.442 (1.080–10.967) 0.037 2.272 (0.671–7.692) 0.187

Pathologic stage (stage II & stage III & stage IV vs. 
stage I)

2.310 (1.683–3.170) <0.001 1.448 (0.191–10.968) 0.720

Histologic grade (G3&G4 vs. G1&G2) 1.154 (0.852–1.564) 0.354

Residual tumor (R1&R2 vs. R0) 1.515 (0.841–2.730) 0.167

Age (>60 vs. ≤60) 0.952 (0.710–1.275) 0.740

Gender (male vs. female) 0.973 (0.713–1.327) 0.861

Race (white vs. Asian & black or African American) 1.328 (0.984–1.792) 0.063 0.762 (0.492–1.179) 0.223

Child–Pugh grade (B&C vs. A) 1.389 (0.761–2.534) 0.285

Fibrosis Ishak score (1/2 & 3/4 & 5/6 vs. 0) 1.369 (0.910–2.061) 0.132

Adjacent hepatic tissue inflammation (mild & severe 
vs. none)

1.238 (0.863–1.776) 0.246

Vascular invasion (yes vs. no) 1.682 (1.196–2.364) 0.003 1.631 (1.000–2.658) 0.050

RANBP1 (high vs. low) 1.578 (1.175–2.118) 0.002 1.805 (1.187–2.744) 0.006

CI, confidence interval; HR, hazard ratio; RANBP1, Ran-specific binding protein 1.
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Table S2 Univariate and multivariate Cox proportional hazards analysis of RANBP1 expression and DSS for patients with HCC in TCGA cohort

Characteristics
Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

T stage (T2&T3&T4 vs. T1) 2.807 (1.733–4.546) <0.001 1.857 (0.757–4.557) 0.176

N stage (N1 vs. N0) 3.562 (0.858–14.785) 0.080 1.010 (0.098–10.360) 0.993

M stage (M1 vs. M0) 5.102 (1.230–21.161) 0.025 4.563 (0.858–24.277) 0.075

Pathologic stage (stage II & stage III & stage IV vs. 
stage I)

2.887 (1.705–4.888) <0.001 1.289 (0.142–11.687) 0.821

Histologic grade (G3 & G4 vs. G1 & G2) 1.119 (0.703–1.780) 0.636

Residual tumor (R1 & R2 vs. R0) 1.640 (0.711–3.782) 0.246

Age (>60 vs. ≤60) 0.880 (0.566–1.370) 0.573

Gender (male vs. female) 0.840 (0.533–1.323) 0.452

Race (white vs. Asian & black or African American) 1.520 (0.947–2.438) 0.083 2.266 (0.561–9.149) 0.250

Child–Pugh grade (B & C vs. A) 2.512 (1.103–5.724) 0.028 4.708 (1.405–15.778) 0.012

Fibrosis Ishak score (1/2 & 3/4 & 5/6 vs. 0) 0.921 (0.478–1.774) 0.806

Adjacent hepatic tissue inflammation (mild & severe 
vs. none)

1.446 (0.791–2.645) 0.231

Vascular invasion (yes vs. no) 1.284 (0.710–2.319) 0.408

RANBP1 (high vs. low) 2.123 (1.341–3.360) 0.001 2.852 (1.178–6.903) 0.020

CI, confidence interval; HR, hazard ratio.


