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Abstract
Recent studies suggest that Rab11-family interacting proteins (Rab11-FIPs) play an important role in tumorigenesis and 
progression. Among the Rab11-FIPs, Rab11-FIP4 has been reported to be significantly upregulated in various cancers, 
including hepatocellular carcinoma (HCC). However, the possible effect on HCC stemness and the underlying mechanism 
has never been characterized. Here, we found that Rab11-FIP4 was dramatically increased in HCC cell lines and tissues, 
and had a positive correlation with cancer stemness. Functional studies revealed that elevated expression of Rab11-FIP4 
in HCC cells significantly promoted sphere formation, and enhanced the mRNA and protein levels of stemness-associated 
markers, ALDH1A1, CD133, NANOG, and OCT4. Conversely, the knockdown of Rab11-FIP4 suppressed the cancer stem 
cell (CSC)-like characteristics of HCC cells. Moreover, silencing of Rab11-FIP4 obviously increased the sensitivity of HCC 
cells to sorafenib. Mechanistically, Rab11-FIP4 was shown to interact with ADP-ribosylation factor 5 (ARF5) to influence 
cell cycle-related proteins, CDK1/cyclin B, thereby promoting HCC stemness. Taken together, our results uncovered an 
essential role for Rab11-FIP4 in regulating CSC-like features of HCC cells and identified Rab11-FIP4 as a potential target 
for HCC therapy.
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Key points   
• RAB11-FIP4 promotes stemness and increases sorafenib 
resistance in HCC.
• Rab11-FIP4 interacts with ARF5 to promote stemness in HCC.
• Rab11-FIP4 promotes HCC stemness via influencing the CDK1/
cyclin B complex.

 *	 Yiwen Zhang 
	 zhangyiwen@hmc.edu.cn
	 https://orcid.org/0000-0002-6928-8618

 *	 Ping Huang 
	 huangping@hmc.edu.cn
	 https://orcid.org/0000-0002-5195-7369

1	 Center for Clinical Pharmacy, Cancer Center, Department 
of Pharmacy, Zhejiang Provincial People’s Hospital, 
Affiliated People’s Hospital, Hangzhou Medical College, 
Hangzhou, China

2	 Key Laboratory of Endocrine Gland Diseases of Zhejiang 
Province, Hangzhou, China

3	 Cancer Center, Key Laboratory of Tumor Molecular 
Diagnosis and Individualized Medicine of Zhejiang Province, 
Zhejiang Provincial People’s Hospital, Affiliated People’s 
Hospital, Hangzhou Medical College, Hangzhou, China

http://crossmark.crossref.org/dialog/?doi=10.1007/s13105-023-00972-2&domain=pdf
http://orcid.org/0000-0002-5195-7369


758	 F. Song et al.

1 3

DMEM/F12	� Dulbecco’s modified Eagle media: nutrient 
mixture F-12

IgG	� Immunoglobulin G
RT	� Room temperature
SD	� Standard deviation
CD133	� Prominin 1
ALDH1A1	� Aldehyde dehydrogenase 1 family member 

A1
DYTN	� Dystrotelin
EXOC7	� Exocyst Complex Component 7
MYO1D	� Myosin ID
GO	� Gene ontology
KEGG	� Kyoto Encyclopedia of Genes and Genomes
CDK1	� Cyclin-dependent kinase 1
CCNB1	� Cyclin B1
CCNB1	� Cyclin B2

Introduction

Hepatocellular carcinoma (HCC) is one of the most malig-
nant cancer in the digestive system with high incidence and 
mortality rates [1]. Despite the great advances in diagnosis 
and therapeutic modalities, the 5-year survival rate of HCC 
remains less than 10% [30]. In recent years, some emerg-
ing inhibitors (such as sorafenib and lenvatinib) have been 
widely implicated in advanced or metastatic HCC, but the 
efficacy is extremely limited [2, 9]. Therefore, it is crucial 
to explore novel targets for treating HCC and elucidate the 
underlying molecular mechanisms.

HCC is regarded as a stem cell disease because it contains a 
specific population of cancer stem cells (CSCs) [28]. CSCs are 
associated with self-renewal, proliferation, differentiation, drug 
resistance, relapse, and metastasis of tumors [10, 29]. CSCs 
in HCC can be distinguished by expressing several biomark-
ers, such as NANOG, SOX2, KLF4, and OCT4 [3, 4, 14]. In 
recent years, despite numerous studies investigating the role 
of CSCs in HCC, therapeutic approaches for CSC eradication 
have not been established. Considering that CSCs have a cru-
cial function in HCC occurrence and progression, clarifying 
the characteristics and regulatory mechanisms of CSCs may 
help identify novel targets for therapeutic intervention in HCC.

Rab11-family interacting protein 4 (Rab11-FIP4) 
is localized to the endosomal recycling compartment 
and involved in vesicle trafficking mediated cytokine-
sis [8]. Previous studies have reported that Rab11-FIP4 
plays a key role in the retinal development of mice and 
zebrafish, which can regulate the retinal progenitor cell 
proliferation and differentiation [23, 24]. More recently, 
Rab11-FIP4 has been identified as an oncogene in vari-
ous tumors. It has been reported that depletion of Rab11-
FIP4 in pancreatic cancer cells represses cell growth, 
metastasis, and arrests the cell cycle [11]. Aberrant 

Rab11-FIP4 expression was negatively correlated with 
the clinical outcomes in pancreatic cancer patients [11]. 
Rab11-FIP4 was also reported to promote tumor progres-
sion in colorectal cancer by increasing the phosphoryla-
tion of ERK1/2 and AKT [31]. Additionally, Rab11-FIP4 
has been demonstrated to play a role in facilitating tumor 
metastasis by modulating the phosphorylated PRAS40 
in HCC [12]. However, whether Rab11-FIP4 affects the 
stemness of HCC and its underlying mechanism remains 
unclear.

In this study, we investigated the biological function of 
Rab11-FIP4 in modulating the stemness of HCC cells. Increased 
expression of Rab11-FIP4 in HCC cells could enhance the CSC-
like phenotype and sorafenib resistance. Mechanistic studies 
identified ADP-ribosylation factor 5 (ARF5) had an interaction 
with Rab11-FIP4. This interaction leads to the alteration of the 
CDK1/cyclin B complex. These data suggest that Rab11-FIP4 
may be a novel target for HCC treatment.

Materials and methods

Cell culture

Human HCC cell lines (HepG2, HCCLM3, Huh7, and Hep3B) 
and normal hepatocytes (LO2) were purchased from Fenghui 
Biotechnology Co. Ltd. (Hunan, China). HepG2, HCCLM3, and 
Huh7 cells were cultured in DMEM (Biological Industries, Beit 
HaEmek, Israel), Hep3B cells were cultured in MEM (Biologi-
cal Industries) with 1% non-essential amino acids (Gibco, USA), 
and LO2 cells were cultured in RPMI-1640 medium (Biologi-
cal Industries). All media were supplemented with 10% FBS 
(Gibco, USA) and 1% penicillin-streptomycin (Sangon Biotech 
Co., Ltd., Shanghai, China). All cells were maintained in an 
incubator with 5% CO2 at 37 °C.

Plasmids and small interfering RNA (siRNA) 
transfection

For plasmid transfection, human pCDH-Rab11-FIP4, pCDH-
ARF5, and pCDH-vector expression plasmids were purchased 
from WZ Biosciences, Inc. (Shandong, China). Transfection 
was performed using Lipofectamine 2000 (Thermo Fisher, 
Waltham, MA, USA) according to the manufacturer’s instruc-
tions. For siRNA transfection, siRNAs were synthesized by 
RiboBio (Guangzhou, China). The sequences of the siRNAs 
used were as follows: Rab11-FIP4, 5′-CUC​AAG​CAG​GAG​
AAU​UAU​AAG-3′ (#1) and 5′-ACG​ACU​UGA​ATG​GGC​AGA​
UUU-3′ (#2); ARF5, 5′-GAU​GCA​GUG​CUG​CUG​GUA​UUU-
3′ (#1) and 5′-GUC​CAA​GAA​UCU​GCU​GAU​GAA-3′ (#2). 
The transfection procedure was conducted using jetPRIME 
reagent (Polyplus, NY, USA) according to the manufacturer’s 
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instructions. After transfection for 48 h, cells were collected for 
further analysis.

RT‑qPCR

Total RNA was prepared and detected as previously 
described [27]. The primers used for RT-qPCR were listed 
in Supplementary Table S1. The results were normalized to 
that of human GAPDH.

Western blot analysis

Western blot analysis was performed as described previously 
[27]. Cells were washed twice with cold phosphate-buffered 
saline (PBS), and added the RIPA lysis buffer with protease 
inhibitors (Beyotime, Shanghai, China). After cells lysed 
for 30 min on ice, samples were centrifuged at 12,000 rpm 
for 15 min at 4 °C. Supernatants were collected and protein 
concentration was measured using Bradford’s method. Equal 
amounts of protein lysates (20 μg/lane) were separated by 
10% sodium dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE) and transferred to polyvinylidene fluo-
ride membranes (PVDF) (Merck Millipore, St. Louis, MO, 
USA). The primary and secondary antibodies used in West-
ern blotting are listed in Table S2. Quantification of band 
intensities was performed using ImageJ software (Wayne 
Rasband, USA).

CCK‑8 assay

CCK-8 (FUDE Biological Technology Co., Ltd, Hangzhou, 
China) was used to evaluate cell viability. Cells were cul-
tured in a 96-well plate at 5 × 103 cells/well. Then, various 
concentrations of sorafenib (0, 0.5, 1.0, 2.5, 5.0, 7.5 μg/
mL) (Selleck, China) were used. After 24 h for treatment, 
10 μL of CCK-8 reagent was added to each well and incu-
bated for 1 h. Absorbance was measured at 450 nm using 
a microplate reader. All experiments were performed in 
triplicate.

Sphere formation assay

HCCLM3, Huh7, and Hep3B cells were transfected with the 
indicated plasmids or siRNAs for 48 h. Thereafter, cells (2 
× 103 cells/well) were plated in ultralow attachment six-well 
plates (Corning, New York, NY, USA) and grown in DMEM/
F12 medium containing 10% B27, 10 ng/mL basic fibroblast 
growth factor (bFGF), and 20 ng/mL epidermal growth factor 
(EGF). The cells were cultured for seven days and photo-
graphed using an CKX53-inverted fluorescence microscope.

Immunoprecipitation (IP) assay

To measure the interaction between Rab11-FIP4 and ARF5, 
Hep3B cells were cultured in a 10-cm dish before transfec-
tion. After cells transfected with pCDH-ARF5-his plasmid 
for 48 h, cells were harvested and immunoprecipitated with 
an anti-His-tag antibody (1:400, cat no. 66005-1-Ig; Pro-
teintech, Wuhan, China). IP assay was performed accord-
ing to standard protocols. Firstly, cells were washed with 
cold PBS and added the IP lysis buffer containing protease 
inhibitors. After cells lysed for 30 min on ice, samples were 
collected and centrifuged at 12,000 rpm for 15 min at 4 °C. 
Then, the precipitates were discarded, and the supernatants 
were incubated with normal IgG or anti-His-tag antibodies 
and protein A/G magnetic beads (BioLegend, San Diego, 
CA, USA) overnight at 4 °C. The next day, the precipitated 
complexes were washed with lysis buffer five times at RT. 
Finally, protein samples were eluted with SDS lysis buffer 
and analyzed by Western blot.

Immunofluorescence (IF)

To detect the co-expression of Rab11-FIP4 and ARF5, 
Hep3B cells were cultured in a 15-mm glass-bottom con-
focal dish before transfection. After cells transfected with 
indicated plasmids for 48 h, cells were washed with PBS and 
fixed with ice-cold methanol for 10 min. Then, cells were 
blocked with 10% bovine serum albumin containing 0.1% 
Triton X-100 for 1 h at RT, and incubated with primary anti-
bodies against His (1:800) and Rab11-FIP4 (1:500) at 4 °C 
overnight. The cells were then incubated in the dark with 
iFluor 488- or 594-conjugated secondary antibody (1:250; 
HUABIO, Woburn, MA, USA) for 1 h. DAPI (Beyotime, 
Shanghai, China) was used to stain the nuclei for 5 min 
before visualization under a TCS SP8 confocal microscope 
(Leica, Germany).

Immunohistochemical (IHC) analysis

HCC and non-tumorous paraffin sections were obtained from 
Zhejiang Provincial People’s Hospital (Hangzhou, China). 
All patients included in this study provided signed consent, 
and the study was approved by the Ethics Committee of 
Zhejiang Provincial People’s Hospital. IHC analysis was 
performed as previously described [26]. The anti-Rab11-
FIP4 and anti-ARF5 antibody was used at a 1:50 and 1:100 
dilution, respectively.

Cell cycle analysis

Huh7 cells transfected with the indicated plasmids or 
siRNAs were collected and washed with PBS. Then, the 
cells were resuspended in a staining buffer with 10 μg/mL 
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propidium iodide (PI; Sigma, USA) and 25 μg/mL RNase. 
After staining, the cell cycle was analyzed by the Cytoflex 
flow cytometer (Beckman-Coulter, USA).

Bioinformatics analysis

The RNA-sequencing dataset of patients with HCC was 
obtained from The Cancer Genome Atlas (TCGA; https://​
tcga-​data.​nci.​nih.​gov/​tcga/). The correlation between Rab11-
FIP4 and stemness was analyzed by Pearson statistics. Sur-
vival analysis based on gene expression was conducted using 
the Kaplan-Meier plotter (https://​kmplot.​com/​analy​sis/). 
Protein-protein interaction (PPI) was analyzed using String 
database (https://​cn.​string-​db.​org/), and data format was per-
formed using R software (version v4.0.3, the R Project for 
Statistical Computing, 2020; Vienna, Austria). A P < 0.05 
was considered statistically significant.

Statistical analysis

All data are expressed as the mean ± SD unless otherwise 
specified. Statistical comparisons between two groups or 
multiple groups were determined using the two-tailed Stu-
dent’s t-test and one-way analysis of variance (ANOVA), 
with the results indicated as ***p < 0.001, **p < 0.01, *p 
< 0.05, and not significant (n.s.). GraphPad Prism 8 (Graph-
Pad, Inc., La Jolla, CA, USA) was used for analysis.

Results

Rab11‑FIP4 is upregulated in HCC and highly 
correlated with HCC stemness

As previously reported, Rab11-FIP4 was significantly 
upregulated in HCC tissues, and patients with high 
Rab11-FIP4 expression displayed a worse prognosis [12]. 
To investigate the alteration of Rab11-FIP4 in HCC, we 
first conducted TCGA data analysis and found that Rab11-
FIP4 expression was markedly increased in HCC tissues 
(Fig. 1A). Then, the prognostic significance of Rab11-
FIP4 in HCC was performed by Kaplan-Meier plotter, 
and data showed that patients with high Rab11-FIP4 
expression had shorter relapse-free survival (RFS) and 
progression-free survival (PFS), but no effect on overall 
survival (OS) (Fig. 1B). Additionally, we determined the 
Rab11-FIP4 expression in normal hepatocytes and four 
HCC cell lines. The results displayed that Rab11-FIP4 
was obviously increased in HepG2, HCCLM3, Huh7, 
and Hep3B HCC cells than in LO2 normal hepatocytes 
(Fig. 1C). Immunohistochemical results also revealed a 
higher level of Rab11-FIP4 in HCC tissues than that in 
non-cancerous tissues (Fig. 1D). To further investigate 

whether Rab11-FIP4 influence HCC stemness, we com-
pared the stemness index of HCC and normal tissues based 
on TCGA database and found that HCC is a high-stemness 
tumor (Fig. 1E). The correlation analysis demonstrated 
that Rab11-FIP4 expression was highly correlated with 
HCC stemness (Fig. 1F). Therefore, our results indicated 
that high Rab11-FIP4 expression is closely associated with 
HCC stemness.

Rab11‑FIP4 facilitates the stemness of HCC cells

To further assess the role of Rab11-FIP4 in HCC 
stemness, we overexpressed or knocked down Rab11-
FIP4 in the HepG2, Huh7, and Hep3B HCC cell lines. 
Compared to normal controls, HCC cells with Rab11-FIP4 
overexpression had higher sphere formation capacity. In 
contrast, the depletion of Rab11-FIP4 greatly decreased 
the self-renewal ability of HCC cells (Fig. 2A, B). Fur-
thermore, we measured the stemness markers, such as 
CD133, ALDH1A1, OCT4, and NANOG, in different 
groups at both the transcriptional and translational levels. 
As expected, overexpression of Rab11-FIP4 dramatically 
upregulated the expression of these markers but were dras-
tically downregulated in the Rab11-FIP4 depletion group 
(Fig. 2C, D). These data suggest that Rab11-FIP4 is essen-
tial for the maintenance of stemness of HCC cells.

Rab11‑FIP4 enhances resistance to sorafenib 
therapy in HCC cells

CSCs is commonly regarded as one important factor of 
the therapeutic failure in clinic, which is mainly due to its 
highly resistance to drugs by aberrant changes of several 
ATP-binding cassette (ABC) transporters [7]. To evalu-
ate whether the alterations of Rab11-FIP4 have an effect 
on drug therapy, we performed a cell proliferation assay 
to determine the IC50 values of HCC cells treated with 
sorafenib. As shown in Fig. 3A, the ablation of Rab11-
FIP4 obviously improved the sensitivity to sorafenib in 
all three HCC cell lines. Considering the role of ABC 
drug transporters in drug resistance, we sought to eluci-
date whether Rab11-FIP4 induced sorafenib resistance by 
regulating ABC transporter. We determined the expres-
sion of ABCB1 and ABCC1 in HCC cells with high or 
low Rab11-FIP4 expression at the mRNA level. Surpris-
ingly, the expression of both ABCB1 and ABCC1 was 
not changed in the Rab11-FIP4 overexpression or deple-
tion group, indicating that neither of them participate in 
Rab11-FIP4 mediated HCC stemness (Fig. 3B, C). Rab11-
FIP4 may regulate HCC stemness and enhance sorafenib 
resistance by a specific molecular mechanism.

https://tcga-data.nci.nih.gov/tcga/
https://tcga-data.nci.nih.gov/tcga/
https://kmplot.com/analysis/
https://cn.string-db.org/


761Rab11‑FIP4 interacts with ARF5 to promote cancer stemness in hepatocellular carcinoma﻿	

1 3

Rab11‑FIP4 interacts with ARF5 to influence cancer 
stemness and sorafenib sensitivity in HCC cells

It has been reported that Rab11-FIP4 and other FIPs have 
a common Rab11 binding domain at the C-terminal, which 
participates in vesicle trafficking by selectively interacting 
with Rab11 [32]. However, several studies demonstrated that 
Rab11-FIP4 influences cell proliferation and differentiation in 
a Rab11-independent manner [23, 24]. To elucidate the regula-
tory mechanism of Rab11-FIP4-mediated HCC stemness, we 
used the String database to analyze the protein-protein interac-
tion (PPI) network of Rab11-FIP4. The PPI data showed that 
seven proteins could directly interact with Rab11-FIP4, includ-
ing ARF5, DYTN, EXOC7, MYO1D, Rab11a, Rab11-FIP3, 
and Rab11-FIP2 (Fig. 4A). Further survival analysis revealed 

that only ARF5 displayed a similar association to prognosis in 
HCC patients as Rab11-FIP4; these patients exhibited a shorter 
PFS and RFS with high expression of ARF5 (Fig. 4B and 
Supplementary Fig. S1). Therefore, we speculate that Rab11-
FIP4 may interact with ARF5 to modulate HCC stemness and 
sorafenib sensitivity. To test this hypothesis, co-IP and IF assays 
were performed using Hep3B cells transfected with ARF5-his 
or vector plasmid. As shown in Fig. 4C and D, Rab11-FIP4 
formed a complex with ARF5. Moreover, IHC results showed 
an obviously increased expression of ARF5 in HCC tissues 
as compared to non-tumorous tissues (Fig. 4E). As expected, 
ARF5 overexpression or knockdown also influences mRNA 
and protein expression of Rab11-FIP4 (Fig. 4F).

To further investigate whether stemness and sorafenib 
sensitivity were affected by ARF5 in HCC cells with 

Fig. 1   Expression of Rab11-FIP4 in HCC and its correlation with 
HCC stemness. A mRNA expression of Rab11-FIP4 in HCC and 
normal tissues based on TCGA database. B Survival analysis of HCC 
patients with high and low Rab11-FIP4 expression based on Kaplan-
Meier Plotter. C mRNA and protein expression of Rab11-FIP4 in 
normal and HCC cell lines. D Expressions of Rab11-FIP4 in HCC 

and adjacent non-tumorous tissue samples detected using IHC. E 
Stemness index analysis of HCC based on TCGA database. F Cor-
relation analysis of Rab11-FIP4 expression and stemness index. Data 
are shown as mean ± SD (n = 3), *p < 0.05, **p < 0.01, ***p < 0.001. 
Scale bar, 250 μm
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increased Rab11-FIP4 expression, stemness-related gene 
expression, sphere formation, and sorafenib sensitivity 
assays were conducted. qRT-PCR and Western blot results 
revealed that HCC cells with high level of ARF5 markedly 
increased the transcriptional and translational levels of 
stemness markers, such as CD133, ALDH1A1, OCT4, and 
NANOG, but did not influence the expression of ABCB1 

and ABCC1 (Fig. 5A-C). Moreover, ARF5 overexpres-
sion greatly increased the number and size of HCC spheres 
than in controls (Fig. 5D). Simultaneously, depletion of 
ARF5 dramatically decreased the stemness of HCC cells 
and improved their sensitivity to sorafenib (Fig. 6). Overall, 
these results indicate that Rab11-FIP4 promotes stemness of 
HCC cells, which is mediated by ARF5.

Fig. 2   Effect of Rab11-FIP4 on the maintenance of stem cell-like 
properties in HCC cells. A Transfection efficiency was evaluated 
using qRT-PCR and western blotting 48 h post-transfection. B Left, 
photomicrographs depict the sphere. C, D Rab11-FIP4 influences 

the transcriptional and translational levels of HCC stem cell-related 
markers, including CD133, ALDH1A1, OCT4, and NANOG. Data 
are shown as mean ± SD (n = 3), *p < 0.05, **p < 0.01, ***p < 0.001. 
Scale bar, 250 μm
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Rab11‑FIP4 interacts with ARF5 to influence HCC 
stemness by regulating CDK1/cyclin B

To understand the mechanism of Rab11-FIP4-induced HCC 
stemness, we performed the gene set enrichment analysis 
(GSEA) by defining the high and low Rab11-FIP4 expres-
sion groups. GSEA GO analysis showed that cell cycle-
related processes were enriched in the high Rab11-FIP4 
expression group (Fig. 7A). Moreover, we found that the 
cell cycle, oocyte meiosis, and p53 signaling pathways 
were positively correlated with Rab11-FIP4 high expres-
sion based on the KEGG analysis (Fig. 7B), indicating that 
Rab11-FIP4 may influence HCC stemness by regulating 
the cell cycle pathway. To test this hypothesis, the protein 
expression of enriched genes that emerged in the three path-
ways was detected, including CDK1, CCNB1, and CCNB2 
(Fig. 7C). As expected, Western blot analysis showed that 

the expression of CDK1, CCNB1, and CCNB2 was mark-
edly decreased in HCC cells transfected with Rab11-FIP4 
or ARF5 siRNAs (Fig. 7D). Since Rab11-FIP4 is involved 
in cytokinesis, we next monitored whether Rab11-FIP4 or 
ARF5 depletion influences the cell cycle. Consistent with 
KEGG analysis, overexpression of Rab11-FIP4 or ARF5 
arrested HCC cells in the G0/G1 phase, whereas depletion 
of Rab11-FIP4 or ARF5 reversed cell cycle arrest (Fig. 7E). 
Taken together, these findings indicated that cell cycle arrest 
is involved in Rab11-FIP4-induced HCC stemness.

Discussion

Recurrence, metastasis, and drug resistance are the leading 
causes of high mortality rate in various tumors, including 
HCC, which occurs in approximately 70% of all cases [18]. 

Fig. 3   Rab11-FIP4 inhibits the sensitivity of HCC cells to sorafenib. 
A Knockdown of Rab11-FIP4 in HCC cells was cultured with the 
indicated concentrations of sorafenib. B, C Overexpression or knock-

down of Rab11-FIP4 had no effect on the transcriptional levels of 
transporter genes (ABCB1 and ABCC1) in HCC cells. Data are shown 
as mean ± SD (n = 3), *p < 0.05, **p < 0.01, ***p < 0.001
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Although many tyrosine kinase inhibitors (TKIs) are impli-
cated in advanced or metastatic HCC, the survival rate of 
these patients remains low, with an average 5-year OS less 
than 10% [34]. CSCs are a specific cell population that has 
a strong ability for tumor cell self-renewal, proliferation, 

and differentiation. To date, liver CSCs are considered to be 
one of the main contributors to the initiation and malignant 
progression of HCC [17]. Thus, to deal with HCC, inter-
vention might be required in order to block the intrinsic 
characteristics of liver CSCs or directly eliminate the liver 

Fig. 4   ARF5 interacts with Rab11-FIP4 in HCC cells. A PPI analy-
sis based on the String database. B Survival analysis of HCC patients 
with high and low ARF5 expression based on Kaplan-Meier plotter. 
C, D The interaction between Rab11-FIP4 and ARF5 was detected 
using IP and IF assays. E Expression of ARF5 in HCC and adjacent 

non-tumorous tissue samples detected using IHC. F Transfection effi-
ciency and Rab11-FIP4 expression were evaluated using qRT-PCR 
and Western blotting. Data are shown as mean ± SD (n = 3), *p < 
0.05, **p < 0.01, ***p < 0.001. Scale bar, 250 μm
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CSCs. Rab11-FIP4 has been demonstrated that play a role 
in regulating the proliferation and differentiation of retinal 
progenitor cells [24]. Moreover, it is closely related to the 
progression and worse prognosis of various tumors, such 
as pancreatic cancer, colorectal cancer, and HCC [11, 12, 
31]. Rab11-FIP4 could promote the progression of tumors 
through several mechanisms, including influencing the 
metastasis, apoptosis, and cell cycle of tumor cells [11]. 
Nevertheless, its role in modulating the stemness of HCC 
and the underlying mechanism have never been clarified. In 
this study, we found that Rab11-FIP4, an oncogene, inter-
acts with ARF5, which facilitates to CSC-like properties and 
sorafenib resistance in HCC by regulating CDK1/cyclin B. 

The above data highlight Rab11-FIP4 may as a novel target 
for HCC therapy.

Rab11-FIP4, a member of class II Rab11-FIPs, plays 
a key role in vesicle trafficking associated with cytokine-
sis regulation and human cytomegalovirus production [8, 
15, 20]. However, no extensive evidence has been focused 
on its biological function in tumor initiation and progres-
sion until now. One study reported that the protein level 
of Rab11-FIP4 was greatly elevated in HCC tissues, which 
was closely correlated with the lower OS and disease-free 
survival in patients with HCC [12]. Fortunately, we also 
found that Rab11-FIP4 was significantly upregulated 
in HCC cells and tumor tissues. However, based on the 

Fig. 5   Overexpression of ARF5 promotes stem cell-like properties in 
HCC cells. A, B ARF5 increases transcriptional levels of HCC stem 
cell-related markers (CD133, ALDH1A1, OCT4, NANOG) and does 
not affect efflux transporters (ABCB1, ABCC1). C ARF5 increases 

translational levels of HCC stem cell-related markers. D Left, pho-
tomicrographs depict the sphere. Data are shown as mean ± SD (n = 
3), *p < 0.05, **p < 0.01, ***p < 0.001. Scale bar, 250 μm
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survival analysis, we found that high Rab11-FIP4 expres-
sion had no effect on OS and only influenced RFS and 
PFS. Liver CSCs possess the abilities to self-renew and 
differentiate by activating several signaling pathways 

associated with proliferation, such as Wnt, Hedgehog, and 
Notch [13]. One important characteristic of liver CSCs is 
to induce the drug resistance of tumor cells, which is a 
main cause for the relapse and metastasis of HCC [19]. 

Fig. 6   Knockdown of ARF5 suppressed stem cell-like properties in 
HCC cells. A, B ARF5 decreases transcriptional levels of HCC stem 
cell-related markers (CD133, ALDH1A1, OCT4, NANOG) and does 
not affect efflux transporters (ABCB1, ABCC1). C ARF5 reduces 
translational levels of HCC stem cell-related markers. D Left, photo-

micrographs depict the sphere. E Knockdown of ARF5 in HCC cells 
was cultured with the indicated concentrations of sorafenib. Data are 
shown as mean ± SD (n = 3), *p < 0.05, **p < 0.01, ***p < 0.001. 
Scale bar, 250 μm
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CD133, OCT4, NANOG, and ALDH1A1 serve as stem 
cell markers in liver tumors and participate in the growth, 
progression, and drug resistance of HCC [35]. Consider-
ing the significance of CSCs in HCC progression, it is 
necessary to seek novel targets regulate HCC stemness and 
understand the underlying molecular mechanism. In this 
study, we demonstrated that silencing of Rab11-FIP4 dra-
matically suppressed the sphere formation in HCC cells. 

Further analysis showed that all universal CSC markers 
(CD133, OCT4, NANOG, and ALDH1A1) were upregu-
lated in HCC cells overexpressing Rab11-FIP4 but mark-
edly downregulated in cells with Rab11-FIP4 knockdown. 
Moreover, Rab11-FIP4 knockdown greatly enhanced the 
response of HCC cells to sorafenib. Taken together, our 
data suggest that Rab11-FIP4 is essential for maintaining 
the CSC-like characteristics of HCC cells.

Fig. 7   Cell cycle is involved in Rab11-FIP4-induced HCC stemness. 
A GSEA was used to perform the GO annotation of biological pro-
cess enrichment grouped by Rab11-FIP4 expression level in TCGA 
database. B GSEA was used to perform the KEGG pathway enrich-
ment grouped by Rab11-FIP4 expression level in TCGA database. C 
Venn diagram of the enriched genes in the KEGG pathway. D Rab11-

FIP4/ARF5 influences the protein levels of cell cycle-related genes, 
including CDK1, cyclin B1, and cyclin B2. E Knockdown or overex-
pression of Rab11-FIP4 or ARF5 in Huh7 cells was stained using PI, 
followed by flow cytometry to detect cell cycle distribution. Data are 
shown as mean ± SD (n = 3), *p < 0.05, **p < 0.01, ***p < 0.001
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To identify the downstream protein of Rab11-FIP4 that 
contributes to HCC stemness, we performed a PPI analy-
sis to screen for potential molecules. The data showed that 
seven proteins (ARF5, DYTN, EXOC7, MYO1D, RAB11A, 
RAB11FIP3, and RAB11FIP2) may directly interact with 
Rab11-FIP4. Further analysis revealed that only ARF5 
exerted a similar effect on the prognosis of HCC patients as 
did Rab11-FIP4, indicating that Rab11-FIP4 interacts with 
ARF5 to promote HCC stemness. Subsequently, we found 
that ARF5 had an interaction with Rab11-FIP4, and overex-
pression of ARF5 induced Rab11-FIP4 at both the mRNA 
and protein levels. ARF5 is a member of the ADP-ribosyla-
tion factor (ARFs) family of small GTPases responsible 
for vesicular transport [6]. To date, little is known about 
the biological functions of ARF5. It has been reported that 
activation of ARF5 promotes the internalization of clathrin-
mediated integrin endocytosis [22]. A recent study found 
that ARF5 is essential for focal adhesion turnover, an impor-
tant process for cell migration [5]. Simultaneously, a study 
demonstrated that ARF5 activates Rab35 to upregulate the 
transcription factor SPOCD1, thereby enhancing tumor 
growth and invasiveness of glioblastoma [16]. We observed 
that the protein level of ARF5 was increased in HCC tis-
sues. Moreover, sphere formation, and stemness-related 
gene expression were significantly enhanced in HCC cells 
overexpressing ARF5 but inhibited in HCC cells with ARF5 
depletion. Additionally, ARF5 knockdown also significantly 
increased the sensitivity of HCC cells to sorafenib. These 
findings indicate that ARF5 interacts with Rab11-FIP4 to 
promote HCC stemness.

The mechanism by which the Rab11-FIP4/ARF5 axis 
regulates stemness in HCC cells appears complicated, but 
potential results are mainly based on biological function. 
Our preliminary GSEA analysis revealed that the cell cycle 
process was positively correlated with high Rab11-FIP4 
expression. Moreover, we identified three genes associated 
with the cell cycle: CDK1, cyclin B1, and cyclin B2. Using 
HCC cell models with Rab11-FIP4 or ARF5 knockdown, we 
showed that Rab11-FIP4 and ARF5 affect the translational 
levels of CDK1, cyclin B1, and cyclin B2. At the same time, 
insufficient Rab11-FIP4 or ARF5 expression arrested cell 
cycle progression. A report suggested that CDK1 could pro-
mote the initiation of melanoma by directly interacting with 
SOX2 (a CSC marker), whereas its blockade was responsible 
for inhibiting the phosphorylation, nuclear localization, and 
transcription of SOX2 [25]. Moreover, a recent study found 
that CDK1 is frequently augmented in HCC tissues and is 
an important prognostic factor for HCC patients. Block-
ing CDK1 may boost the antitumor response of sorafenib 
in vivo, which exerts its inhibitory effects on HCC stemness 
by influencing the CDK1/PDK1/β-Catenin signaling path-
way [33]. Additionally, one study showed that embryonic 
stem cells display particularly high CDK1 activity [21]. 

These findings further suggest that cell cycle-associated pro-
teins, such as CDK1 or cyclin B, are implicated in Rab11-
FIP4/ARF5-mediated HCC stemness.

Conclusion

In summary, our results provide evidence that Rab11-FIP4 
is pivotal for the maintenance of CSC-like features of HCC 
cells, like promoting the sphere formation, and enhancing 
the expression of stemness-associated markers. In addition, 
Rab11-FIP4 could increase the resistance of HCC cells to 
sorafenib, which is reflected by the silencing of Rab11-FIP4 
in HCC cells with a smaller IC50 value. Mechanistically, 
Rab11-FIP4 might have an interaction with ARF5, which 
might lead to the upregulation of CDK1/cyclin B, thereby 
promoting HCC stemness. Taken together, our results 
advance the understanding of Rab11-FIP4 in tumor initiation 
and progression, and suggest novel targets for HCC therapy.
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