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Ring finger protein 152‑dependent 
degradation of TSPAN12 suppresses 
hepatocellular carcinoma progression
Jian Wan1,2†, Shunfang Liu3†, Wanju Sun1, Haiyi Yu2, Wenlian Tang2, Wei Liu2, Jing Ji2*   and Bin Liu2*

Abstract 

Background:  Hepatocellular carcinoma (HCC) is the third cause of cancer death in the world, and few molecularly 
targeted anticancer therapies have been developed to treat it. The E3 ubiquitin ligase RNF152 has been reported to 
regulate the activity of the mechanistic target of rapamycin complex 1 (mTORC1), induce autophagy and apoptosis. 
However, the relationship between RNF152 and HCC is unclear.

Methods:  Transcriptome RNA-sequencing data of HCC samples and normal tissues were used to detect the mRNA 
expression of RNF152. Luciferase reporter and chromatin immunoprecipitation (ChIP) assays were used to determine 
the transcriptional regulation of RNF152 in HCC by FoxO1. RNAi, cell proliferation, colony formation and transwell 
assays were used to determine the in vitro functions of RNF152. Mouse xenograft models were used to study the 
in vivo effects of RNF152. The immunoprecipitation assay was used to determine the interaction between RNF152 
and TSPAN12. The in vivo ubiquitination assay was performed to determine the regulation of TSPAN12 by RNF152.

Results:  We found that RNF152 is significantly down-regulated in clinic HCC samples, and its down-regulation is 
associated with pool overall survival (OS), progression-free survival (PFS) and disease-specific survival (DSS) in HCC 
patients. The transcription factor FoxO1 was significantly positively correlated RNF152 expression in HCC tissues. 
FoxO1 recognizes a classic insulin response element (IRE) on the RNF152 promoter to regulate its expression in HCC. 
RNF152 suppressed HCC cell proliferation, clonogenic survival, invasion in vitro, and tumorigenesis in vivo. Mecha-
nistically, RNF152 interacted with TSPAN12 and targeted it for ubiquitination and proteasomal degradation, thereby 
inhibiting TSPAN12-dependent CXCL6 expression and HCC progression.

Conclusion:  Collectively, our data revealed a tumor suppressor role of RNF152 and a connection between RNF152 
and FoxO1 in HCC. Our results support an important role of the FoxO1-RNF152-TSPAN12 axis in the development of 
HCC. Therapeutic targeting this axis may be an effective means of treating HCC.
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Introduction
Hepatocellular carcinoma (HCC) is one of the top five 
solid malignancies with the highest incidence in the 
world, and it is also the third cause of cancer death 
[1]. There are about 800,000 newly diagnosed cases of 
HCC each year, and only China accounts for more than 
50% [2]. HCC is considered to be the most aggres-
sive tumor and nearly 80% of patients are already 
at an advanced stage at the time of diagnosis, with 
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considerably poor prognosis. The 5-year recurrence 
rate after resection is up to 70% [3]. Although current 
studies have found that the median survival time of 
patients with advanced HCC who received sorafenib 
is longer than that of patients who took placebo, there 
are still many limitations in the current targeted ther-
apy for HCC [4]. Therefore, it is necessary to explore 
the potential mechanisms that cause HCC tumorigen-
esis to determine promising HCC therapeutic targets.

Ubiquitination plays an important role in numerous 
cellular processes and tissue development by affect-
ing the stability, positioning, and function of modi-
fied proteins, and has become a universal regulatory 
mechanism in the process of life [5]. The unbalanced 
regulation of this process is usually an important fac-
tor in the development of cancer [6]. Protein ubiqui-
tination is a multi-step cascade reaction process that 
requires the participation of at least three enzymes: E1 
ubiquitin activating enzyme, E2 ubiquitin conjugating 
enzyme and E3 ubiquitin ligase, which activate and 
transfer ubiquitin to the ε-amino lysine residue inside 
the target protein. The E3 ligase is particularly impor-
tant because it determines the specificity of the sub-
strates [7]. E3 is divided into two categories according 
to its protein domain, the HECT domain family and 
the RING domain family and most E3s members 
belong to the RING domain family [8]. RNF152 is 
a typical member of the RING family. It is a single-
transmembrane protein, currently found to be mainly 
located on lysosomes [9]. RNF152 has been identified 
to be an essential negative regulator of the mTORC1 
pathway by targeting RagA for K63-linked ubiquitina-
tion in an amino-acid-sensitive manner [10]. Depletion 
of RNF152 results in the hyperactivation of mTORC1 
and protects cells from amino-acid-starvation-induced 
autophagy [10, 11]. RNF152 has been reported to 
play a role in tumors and over-expression of RNF152 
inhibited colorectal cancer cell proliferation that was 
dependent on its E3 ligase activity [12]. However, the 
ubiquitination substrates of RNF152 in tumors is still 
poorly understood, which seriously hinders the under-
standing of its biological functions.

In the present study, we found that the FoxO1-
dependent down-regulation of RNF152 in HCC tissues 
is associated with a poor prognosis of HCC patients. 
Knockdown of RNF152 stimulated HCC cell prolifera-
tion, colony formation, invasion in  vitro, and tumori-
genesis in vivo. Mechanically, RNF152 interacted with 
TSPAN12 to promote its ubiquitination and proteaso-
mal degradation, thereby inhibiting TSPAN12-depend-
ent CXCL6 expression and HCC progression.

Materials and methods
Cell culture and tissue samples
HEK293T, and hepatocellular carcinoma cell lines 
HepG2, HUH6 and HUH7 cells were purchased from 
American Type Culture Collection (ATCC). Cells were 
cultured in high-glucose DMEM (Invitrogen, CA, USA) 
containing 10% fetal bovine serum (FBS) (Gibco), 100 
units/mL penicillin, and 100  mg/mL streptomycin 
(Gibco) at 37  °C in 5% CO2. Twenty paired HCC speci-
mens were obtained from the shanghai pudong new area 
people’s hospital. The study was approved by the Medical 
Ethical Committee of shanghai pudong new area people’s 
hospital, and informed consent was obtained from all 
subjects or their relatives.

Plasmids and transfection
The cDNAs of RNF152, FoxO1, FoxO3, FoxO4 and 
FoxO6 were amplified from 293  T or HepG2 cells by 
polymerase chain reaction (PCR) and cloned into pbabe-
Flag vector. All plasmids were completely sequenced and 
transfected into cells by Lipofectamine 2000 (Invitrogen) 
according to the manufacturer’s instructions.

RNA interference, RNA isolation and real‑time PCR
The Lentiviral Human RNF152 shRNAs were purchased 
from Merck (Sigma) and the target sequences for short 
hairpin RNA (sh-RNA)-expressing plasmids were the fol-
lowing: RNF152-shRNA1:5′CCG​GAT​GTC​AGA​TCT​GTT​
TCA​ATT​ACT​CGA​GTA​ATT​GAA​ACA​GAT​CTG​ACA​
TTT​TTTTG-3′; RNF152-shRNA2: 5′-CCG​GCT​TCA​CAA​
CAT​GTC​TTG​CAT​TCT​CGA​GAA​TGC​.

AAG​ACA​TGT​TGT​GAA​GTT​TTT-3′. RNF152-shRNA3: 
5′-CCG​GGC​CCA​AGT​TGC​TGG​ACT​GCA​ACT​CGA​GTT​
GCA​GTC​CAG​CAA​CTT​GGG​CTT​TTT-3.

TSPAN12-shRNA: 5′-CCG​GCA​TCC​GGT​CAT​GAT​TGC​
TGT​TCT​CGA​GAA​CAG​CAA​TCA​TG.

ACC​GGA​TGT​TTT​TTG-3′. Total RNA of cell lysate 
was extracted by using TRIzol reagent (Invitrogen, Shang-
hai). Oligo dT was used to prime cDNA synthesis. Real-
time PCR was then performed by using a SYBR Green 
Premix Ex Taq (TaKaRa) on Light Cycler480 (Roche, Swit-
zerland) under the following conditions: 95 °C for 3 min, 
followed by denaturation at 94  °C for 15  s, annealing at 
55 °C for 25 s and extension at 72 °C for 15 s for 35 cycles. 
The relative differences in mRNA levels were calculated 
by 2−ΔΔCT method. GAPDH was used as internal con-
trol. Differences in gene expression were calculated using 
2−ΔΔCt method. Primers used for qPCR analysis were 
list as follows: RNF152 forward, 5′-GGA​GAC​CGC​ATT​
CCC​TTG​G-3′; reverse, 5′-AAA​ACC​GAT​TGG​GCA​TAA​
GCC-3′. TSPAN12 forward, 5′-TGT​GTC​TTT​GCA​GTG​
CAG​GT-3′; reverse, 5′-GGG​TGA​AAG​AGA​CTC​GGT​
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GA-3′. CXCL6 forward, 5′-CCC​ACT​GGC​CTC​TGA​TAA​
AGG-3′; reverse, 5′-ACG​CAA​AGG​TGC​ATG​ATT​TG-3′. 
GAPDH forward, 5′-TGT​GGG​CAT​CAA​TGG​ATT​TGG-
3′; reverse, 5′-ACA​CCA​TGT​ATT​CCG​GGT​CAAT-3′.

Western blotting and antibodies
Cells were lysed with lysis buffer (100  mM Tris–HCl, 
pH 6.8, 100  mM DTT, 1% SDS, 10% glycerol). Proteins 
were separated by 10–12% SDS-PAGE, and transferred 
to NC membrane. Membranes were blocked in 5% 
non-fat milk in phosphate-buffered saline (PBS) for 1  h 
before incubation with primary antibody overnight at 
4  °C. Membranes were washed with and incubated with 
secondary antibody for 1  h. Primary antibodies used as 
indicated: anti-Flag M2 (1:4000 dilution, F1804, Sigma), 
anti-RNF152 (1:1000 dilution, sc-17775, Santa cruz, 
USA), anti-TSPAN12 (1:500 dilution, PA5-80195, Invitro-
gen, USA), and anti-β-Actin (1:5000 dilution, #5174, Cell 
Signaling Technology, USA).

Immunoprecipitation (IP)
The IP procedure has been described previously [13]. 
Briefly, cells were lysed with IP buffer (100  mM NaCl, 
20 mM Tris–cl PH8.0, 0.5 mM EDTA, 0.5% (v/v) Nonidet 
P-40) with protease inhibitor cocktail and phosphoryl-
ate inhibitor for 30 min on ice. Cells were sonicated and 
the lysates were centrifuged. The supernatant was incu-
bated with appropriate antibodies and protein A/G beads 
overnight at 4  °C in a rotating wheel. Immunoprecipi-
tates were washed eight times with IP buffer. SDS loading 
buffer was then added and proteins were eluted by boil-
ing at 95 °C for 5 min.

In vivo ubiquitination assay
Tandem Ubiquitin Binding Entity 2 (TUBE2) resin 
(LifeSensors) was used to capture endogenous ubiqui-
tinated proteins [14]. Cells after transfection were lysed 
with IP buffer (100  mM NaCl, 20  mM Tris–cl PH8.0, 
0.5  mM EDTA, 0.5% (v/v) Nonidet P-40) with protease 
inhibitor cocktail and phosphorylate inhibitor for 30 min 
on ice. Cells were sonicated and the lysates were centri-
fuged. The supernatant was incubated with TUBE2 resin 
overnight at 4 °C in a rotating wheel. The resin was then 
washed with IP buffer for eight times and boiled in SDS 
loading buffer. Boiled samples were separated by 10% 
SDS-PAGE and subjected to western blot with indicated 
antibodies.

Colony formation analysis
HCC cells after diverse treatment were seeded in a six-
well plate at a density of 1000/well and then cultured for 
about 2 weeks. The numbers of colonies containing more 
than 50 cells were counted by crystal purple staining. 

Data were shown as mean ± SD of more than three inde-
pendent experiments.

Cell invasion assays
HCC cells were cultured in 10 cm dish with serum-free 
medium for 24  h. Marigel (Corning) was even plated 
onto the upper chamber of a Transwell insert (Corn-
ing, NY, USA). 5 × 104 HCC cells were suspended with 
100  μL of serum-free medium and seeded into the top 
chamber. The lower chamber was incubated with serum-
contained medium. 24 h later, the inserts were fixed with 
4% paraformaldehyde (PFA) for 30 min. Cells on the top 
surface of the inserts were removed and migrated cells on 
the lower surface of the inserts were stained with 0.05% 
crystal violet. Images of cells on the Transwell membrane 
were taken with a microscope and cell numbers were 
counted. Data were shown as mean ± SD of three inde-
pendent experiments.

Luciferase reporter and chromatin immunoprecipitation 
(ChIp) assays
The promoter region of RNF152 gene (2000 bp upstream 
of TSS) was amplified from the human genomic DNA 
and inserted into pGL4.15 vector (Promega, Madison, 
WI, USA). For luciferase reporter assays, HEK293T cells 
were seeded in 24-well plates and transfected with the 
indicated plasmids using Lipofectamine 2000 (Invitro-
gen) for 36 h. Luciferase activity was measured using the 
Dual Luciferase Reporter Assay System (Promega). The 
firefly luciferase luminescence data were normalized by 
the Renilla luciferase luminescence data. For ChIP assay, 
a ChIP assay kit (Upstate, Billerica, MA, USA) was used 
according to manufacturer instructions. Briefly, cells 
were fixed with formaldehyde and DNA was sheared to 
fragments at 100–500  bp by repeated sonication. The 
immunocomplexes were precipitated by using antibodies 
against FoxO1 or normal serum IgG overnight and rota-
tionally incubation at 4 °C. The immunocomplexes were 
eluted by using beads according to the manufacturer’s 
instruction.

ELISA assay
HCC cells after diverse treatment were seeded on 24-well 
plate for 48 h to collect medium. The antigen–antibody 
reaction was performed using DuoSet ELISA for human 
CXCL6 (R&D Systems) according to the manufacturer’s 
instructions. Streptavidin–HRP-bound samples were 
reacted with peroxidase (Sumilon), and measured at an 
absorbance of 490 nm using a plate reader.
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Xenograft assays
Animal study was approved by Animal Care and Use 
Committee of shanghai pudong new area people’s hospi-
tal. 8-week-old male BALB/cA nude mice were purchased 
from National Rodent Laboratory Animal Resources 
(Shanghai, China). All mice were kept in a specific path-
ogen-free facility and housed at 21 °C ± 1 °C with humid-
ity of 55 ± 10%, fed with sterilized food and water, and 
kept on a 12  h light/dark cycle. 1 × 107 shRNA-con or 
sh-RNF152-1-HuH6 cells were suspended in 50  µl of 
DMEM medium, mixed 1:1 with Matrigel (Corning) and 
injected into the flanks of male nude mice. Tumor sizes 
were measured by a caliper and calculated using the for-
mula length × width 2 × 1/2. Tumor weights were meas-
ured after mice were sacrificed.

Statistical analyses
All experiments were at least repeated for three times. 
Data are presented as mean ± standard deviation (SD). 

Statistical analysis was performed with GraphPad Prism 
7.0 software. The differences between groups were calcu-
lated using the Student’s t-test or one-way ANOVA using 
a Tukey post-hoc test. Statistical significance is displayed 
as *P < 0.05, **P < 0.01, and ***P < 0.001, respectively.

Results
RNF152 is down‑regulated in HCC, and its downregulation 
is associated with a poor prognosis for HCC patients
To investigate the role of RNF152 in HCC, we first ana-
lyzed the mRNA expression levels of RNF152 in HCC tis-
sues from the Cancer Genome Atlas (TCGA) database. 
Compared with 160 cases of the normal tissues, RNF152 
mRNA expression was significantly lower in 369 HCC 
samples (Fig.  1a). We further analyzed RNF152 mRNA 
expression in 20 fresh paired HCC and adjacent samples 
and found that the expression of RNF152 in HCC was 
significantly reduced compared with adjacent normal 
tissues (Fig.  1b). Consistent with the mRNA level, the 

Fig. 1  RNF152 is down-regulated in HCC samples and cell lines via FoxO1. a RNF152 mRNA expression of 369 tumor and 160 normal tissues in 
TCGA HCC dataset. b RNF152 mRNA expression of 20 fresh paired HCC and adjacent samples were determined by real-time PCR. c RNF152 protein 
expression of 11 fresh HCC and adjacent samples were determined by immunoblotting with indicated antibodies. d The mRNA expression of 
RNF152 in the HCC cell lines in the Cancer Cell Line Encyclopedia (CCLE) database (https​://porta​ls.broad​insti​tute.org/ccle). e The overall survival (OS) 
curve of RNF152 gene expression in patients with HCC in Kaplan–Meier Plotter HCC database (http://kmplo​t.com/). f The progression-free survival 
(PFS) curve of RNF152 gene expression in patients with HCC. g The disease-specific survival (DSS) of RNF152 gene expression in patients with HCC

https://portals.broadinstitute.org/ccle
http://kmplot.com/
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protein level of RNF152 was also down-regulated in HCC 
compared with adjacent normal tissues (Fig.  1c). Next, 
we analyzed the mRNA expression of RNF152 in the 
Cancer Cell Line Encyclopedia (CCLE) database (https​://
porta​ls.broad​insti​tute.org/ccle) and found that RNF152 
was also significantly low expressed in most HCC cell 
lines (Fig. 1d). To investigate the relationship between the 
mRNA expression of RNF152 and the prognosis of HCC, 
we analyzed the online Kaplan–Meier Plotter HCC data-
base (http://kmplo​t.com/). We found that higher RNF152 
expression was associated with better overall survival 
(OS), progression-free survival (PFS) and disease-specific 
survival (DSS) in HCC patients (Fig.  1e–g). Together, 
these results indicate that RNF152 is down-regulated in 
HCC and low RNF152 level is associated with poor prog-
nosis of HCC patients.

RNF152 is a transcriptional target of FoxO1 in HCC
Next, we explored the molecular mechanism by which 
RNF152 is regulated in HCC. The low expression of 
RNF152 in HCC might be involved the epigenetic regu-
latory mechanisms, such as DNA methylation. To test 
this hypothesis, we treated HepG2 and Huh7 cells with 
5-Aza-CdR, a DNA methylation inhibitor, respectively. 
We found that although 5-Aza-CdR treatment can signif-
icantly increase the expression of GSTP1, which is known 
to be epigenetic silenced by DNA hypermethylation in 
HCC [15]. However, 5-Aza-CdR treatment failed to affect 
the expression of RNF152 in both cell lines (Fig. 2a; Addi-
tional File 1: Fig. S1A), indicating DNA methylation may 
not be the main reason for the low expression of RNF152 
in HCC. We further analyzed the top ten co-expression 
genes of RNF152 in the TCGA database and found that 
the transcription factor FoxO1 was significantly posi-
tively correlated RNF152 expression in HCC tissues 
(Fig.  2b; Additional file  1: Fig. S1B). FoxO1 is a known 
HCC tumor suppressor gene, and its expression is signifi-
cantly down-regulated in HCC tissues [16, 17]. Therefore, 
we hypothesized that the low expression of RNC152 in 
HCC may be related to the low expression of FoxO1. To 
test it, we first analyzed whether the promoter region of 
RNF152 contains FoxO1 response elements. FoxO1 rec-
ognize two consensus response elements: a Daf-16 bind-
ing site (5′-GTAAA(T/C)AA-3′) and an insulin response 
element (IRE) (5′-(C/A)(A/C)AAA(C/T)AA-3′) [18, 19]. 
We found that the promoter region of RNF152 contains 
a putative “5′-CAA​AAA​TA-3′” IRE (from − 1433 to 
− 1425  bp relative to TSS), which might also be recog-
nized by FoxO1 (Fig. 2c). We then generated a luciferase 
reporter vector under the control of the RNF152 pro-
moter (− 1500 to + 1  bp of TSS). We found that FoxO1 
could induce about 3–4-fold activation of the RNF152 
promoter luciferase activity (Fig. 2d). Consistent with it, 

overexpression of FoxO1 also increased RNF152 mRNA 
expression of in HepG2 cells (Fig.  2e). Importantly, 
silencing the expression of FoxO1 by shRNAs resulted 
in the decrease of RNF152 expression in both HCC and 
normal human liver cells (Fig.  2f; Additional file  2: Fig. 
S2C). Thus, these data suggested that FoxO1 can acti-
vate RNF152 transcription. On the contrary, other fam-
ily members including FoxO3, FoxO4 and FoxO6 could 
not activate the RNF152 promoter luciferase activity as 
efficient as FoxO1 does (Fig. 2g). Indeed, the correlation 
of RNF152 with other FoxOs in HCC tissues was less sig-
nificant relative to FoxO1 (Additional file 1: Fig. S1C–E), 
further indicating the specificity regulation of RNF152 
mRNA expression by FoxO1. As only one potential bind-
ing site was existed in the promoter region of RNF152, 
we then determined whether this site is essential for 
FoxO1 recognition. We found that mutation of this IRE 
dramatically blocked the RNF152 promoter luciferase 
activity driven by FoxO1 (Fig. 2h). Moreover, chromatin 
immunoprecipitation (ChIP) assays showed abundant 
occupation of FoxO1 at the RNF152 promoter where 
the putative IRE located (Fig.  2i). Taken together, these 
results indicate that FoxO1-mediated RNF152 expression 
is impaired in HCC samples and cell lines.

RNF152 acts as a tumor suppressor in HCC
Based on the expression levels of RNF152 in HCC cell 
lines, we generated RNF152 stable overexpressing cells 
in low RNF152-expressing HepG2 and Huh7 cell lines. 
The overexpression efficiency of RNF152 was verified at 
both the mRNA and protein levels (Additional file 2: Fig. 
S2A, B). Similar to the role of RNF152 in other tumors, 
overexpression of RNF152 significantly inhibited HCC 
cells proliferation (Fig. 3a), clonogenic survival (Fig. 3b), 
and cell invasion (Fig.  3c). To further investigate the 
biological function of RNF152 in HCC, we used lenti-
viral-based short hairpin RNA (shRNA) to target the 
mRNA expression of RNF152 in HCC cell lines. Using 
three independent shRNA sequences targeting different 
regions of RNF152 mRNA and two HCC cell lines with 
relatively high RNF152 mRNA levels (HuH6 and SK-
HEP-1), we were able to achieve significant down-regula-
tion levels of RNF152 mRNA. All the three independent 
RNF152 shRNAs were able to inhibit RNF152 expression, 
although the knockdown efficiency of RNF152 is some-
what different (Fig. 3d). Among those RNF152 shRNAs, 
sh-RNF152-1 demonstrated the best inhibitory effect 
against RNF152 in both HuH6 and SK-HEP-1 cell lines 
(Fig. 3d), and thus was selected for further experiments. 
In contrast to RNF152-overexpressing cells, silencing of 
RNF152 significantly promoted HuH6 cells proliferation, 
which could be reversed by re-expression of a shRNA-
resistant RNF152 (Fig.  3e, f ). Moreover, depletion of 

https://portals.broadinstitute.org/ccle
https://portals.broadinstitute.org/ccle
http://kmplot.com/
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RNF152 significant promoted clonogenic survival and 
invasion of HuH6 cells in  vitro, which could also be 
reversed by re-expression of a shRNA-resistant RNF152 
(Fig. 3g, h). Furthermore, we then determined the in vivo 

malignant behaviour of RNF152 in a xenograft mouse 
model. Nude mice were applied a single subcutaneously 
injected with either shRNA-con or sh-RNF152-1-HuH6 
cells and observed for up to one month. As expected, 

Fig. 2  RNF152 is a transcriptional target of FoxO1 in HCC. a The mRNA levels of GSTP1 and RNF152 in HepG2 cells with or without 10 μM 5-Aza-CdR 
treatment were determined by real-time PCR. ***P < 0.001. b The correlation between RNF152 and FoxO1 mRNA in the TCGA HCC dataset through 
the analysis of the GEPIA website. c Schematic diagram shows human RNF152 gene promoter and putative FoxO1 binding sites. TSS: transcription 
start site. IRE: insulin response element. The primer pairs for Chip assay were also listed. d pGL4.15-Con or pGL4.15-RNF152 plasmids were 
co-transfected with either empty vector (EV) or FoxO1 into 293 T cells for 36 h. The luciferase activity was then measured. Overexpression of FoxO1 
activated RNF152 promoter-driven luciferase activity. **P < 0.01. e HepG2 cells were transfected with EV or FoxO1 for 36 h. The mRNA levels of FoxO1 
and RNF152 were determined by real-time PCR. ***P < 0.001. f HepG2 cells were transfected with con-shRNA or FoxO1-shRNA for 36 h. The mRNA 
and protein levels of RNF152/FoxO1 were detected by immunoblotting or real-time PCR, respectively. **P < 0.01, ***P < 0.001. g pGL4.15-RNF152 
plasmids were co-transfected with indicated plasmids into 293 T cells for 36 h. The luciferase activity was then measured. FoxO1, but not other 
family members, activated RNF152 promoter-driven luciferase activity. ***P < 0.001. h The human RNF152 promoter contains one potential binding 
sites for FoxO1. Point mutation was highlighted with black cross. FoxO1 was co-transfected with indicated plasmids into 293 T cells for 36 h. The 
luciferase activity was then measured. Overexpression of FoxO1 activated the luciferase activity driven by RNF152 WT but not RNF152 mutant. i 
ChIP shows enrichment of FoxO1 at the human RNF152 promoter in HepG2 cells. **P < 0.01. The human GAPDH promoter was served as a negative 
control. The primer pairs for Chip assay were also listed in c 
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depletion of RNF152 dramatically enhanced tumorigen-
esis of HCC (Fig.  3i–l). Together, these data indicate a 
tumor suppressor role of RNF152 in HCC.

TSPAN12 was associated with RNF152
To better understand the underline mechanisms of 
the tumor suppressor role of RNF152 in HCC, we 
searched the interacting proteins of RNF152 through 
the BioGRID database (https​://thebi​ogrid​.org/). A 
total of 12 proteins have been reported to be associ-
ated with RNF152 curated by both high throughput 
and low throughput. Among these proteins, we found 
that TSPAN12, which belongs to the tetraspanin pro-
tein family [20], is listed as a high throughput associ-
ated protein of RNF152 (Fig.  4a). TSPAN12 has been 
reported to possess oncogenic roles in some kinds of 
tumors [21–25]. However, unlike RNF152, the mRNA 
expression of TSPAN12 is not significantly changed in 

the TCGA HCC cohort (Additional file 3: Fig. S3A) as 
well in our HCC samples (Additional file  3: Fig.  S3B). 
Moreover, there is no significant correlation between 
RNF152 mRNA and TSPAN12 mRNA in the TCGA 
HCC cohort (Additional file  3: Fig. S3C). Thus, we 
then focused on the relationship between RNF152 
and TSPAN12 proteins. To confirm the interaction 
between RNF152 and TSPAN12, 293  T cells were 
transfected with Flag-RNF152 for 36  h. Flag-RNF152 
protein complex was immunoprecipitated by Flag M2 
beads and subjected to immunoblot with anti-Flag or 
anti-TSPAN12 antibodies, respectively. As expected, 
TSPAN12 was readily detected in Flag-RNF152 
immunoprecipitate (Fig.  4b). Moreover, the interac-
tion between endogenous RNF152 and TSPAN12 was 
further confirmed in HuH6 cells in the present of the 
proteasome inhibitor MG132 (Fig.  4c). Furthermore, 
through GST-pull-down assay, we found that TSPAN12 

Fig. 3  RNF152 acts as a tumor suppressor in HCC. a HCC cells with or without RNF152 overexpression were subjected to BrdU test. ***P < 0.001. EV: 
empty vector. b HCC cells with or without RNF152 overexpression were examined for colony formation. *** P < 0.001. c HCC cells with or without 
RNF152 overexpression were examined for cell invasion. ***P < 0.001, **P < 0.01. d HCC cells with or without RNF152 silencing (RNF152-shRNA1-3) 
were examined for FBXO16 mRNA expression by real-time PCR. ***P < 0.001. e RNF152-depleted HuH6 cells were transfected with a shRNA-resistant 
RNF152 plasmid. The RNF152 mRNA levels in these cells were examined by real-time PCR. ***P < 0.001. f HCC cells in e were subjected to BrdU test. 
***P < 0.001. g HCC cells in e were examined for colony formation. ***P < 0.001. h HCC cells in e were examined for cell invasion. ***P < 0.001. i Each 
nude mouse was subcutaneously injected with 1 × 107 control HuH6 cells or RNF152-depleted HuH6 cells, and continued observation for 4 weeks. 
Tumour growth was measured using a caliper at the indicated times after injection. n = 7 for each group. ***P < 0.001. j Mice were sacrificed 4 weeks 
after HCC cells injection. The tumors were then excised, washed with PBS and photographed. K Tumor weights were measured after mice were 
sacrificed. ***P < 0.001. l RNF152 mRNA expression levels in tumors from each group were examined by real-time PCR. ***P < 0.001

https://thebiogrid.org/
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bound directly to RNF152 protein (Fig.  4d). Together, 
these data indicate that TSPAN12 is associated with 
RNF152.

RNF152 targets TSPAN12 for ubiquitination 
and degradation
Because RNF152 is a ubiquitin E3 ligase, the interac-
tion between RNF152 and TSPAN12 led us to speculate 
that TSPAN12 may be a substrate protein of RNF152. To 
test this possibility, we first use the proteasome inhibitor 
MG132 to treat HuH6 and SK-HEP-1 cells, respectively. 
We found that MG132 can significantly increase the 
endogenous protein level of TSPAN12 (Fig. 5a; Additional 
file  4: Fig. S4A), and has little effect on its mRNA level 
(Additional file  4: Fig. S4B), indicating that TSPAN12 
is destructed by the proteasome in HCC cells. Next, we 
found that overexpression of RNF152 in HepG2 cells 
caused a decrease in the endogenous TSPAN12 protein 
level (Fig. 5b), accompanied by increased ubiquitination 
modifications (Fig.  5c). To test whether RNF152 could 
ubiquitinate TSPAN12 in  vitro, 293  T cells were trans-
fected with HA-TSPAN12 plasmid for 36 h. After immu-
nopurification with anti-HA resin, in vitro ubiquitination 
of TSPAN12 was performed in the presence of E1, E2s, 
Flag-RNF152 and ubiquitin (Ub). We found that immu-
nopurified Flag-RNF152 could promote ubiquitination of 
TSPAN12 in  vitro (Fig.  5d). Conversely, knocking down 
RNF152 resulted in a significant increase of TSPAN12 
protein (Fig.  5e). The increased expression of TSPAN12 
is due to reduced protein degradation, as the half-life 

of TSPAN12 is significantly shorten in the absence of 
RNF152 (Fig. 5f ). Consistent with these results, the ubiq-
uitination modification of TSPAN12 was significantly 
reduced in RNF152-deficient cells (Fig.  5g). Together, 
these data indicate that RNF152 binds to TSPAN12 and 
targets it for ubiquitin-dependent degradation.

RNF152 governed HCC progression partially dependent 
on TSPAN12 degradation
We next investigated whether RNF152 regulates HCC 
progress through TSPAN12 degradation. Firstly, we sta-
bly knocked down both RNF152 and TSPAN12 genes in 
HuH6 cells by shRNAs. In RNF152 and TSPAN12 dou-
ble silencing cells, the protein levels of TSPAN12 were 
close to that of non-specific knockdown cells (Fig.  6a). 
Inhibiting the expression of RNF152 significantly inter-
fered with the proliferation of HCC cells (Fig.  6b). 
Silencing of TSPAN12 can partially reverse the accelera-
tion of HCC cell proliferation caused by RNF152 insuf-
ficiency (Fig.  6b). Moreover, the enhanced clonogenic 
survival and invasion abilities of RNF152-depelted cells 
were largely impaired when TSPAN12 was simultane-
ously silenced (Fig.  6c, d). TSPAN12 has been reported 
to promote CXCL6 expression in fibroblasts through the 
β-catenin signaling pathway, which largely contributed 
to its oncogenic activity [24]. Indeed, the mRNA and 
secreted protein levels of CXCL6 were decreased in HCC 
cells when TSPAN12 was silenced (Fig.  6e, f ), suggest-
ing TSPAN12 also regulated the expression of CXCL6 
in HCC cells. On the contrary, silencing the expression 

Fig. 4  TSPAN12 was associated with RNF152. a The interaction protein network of RNF152 revealed by the BioGRID database (https​://thebi​
ogrid​.org/). b The cell lysates from 293 T cells transfected with empty vector (EV) or Flag-RNF152 were subjected to immunoprecipitation (IP) 
with Flag M2 beads, followed by immunoblotting with indicated antibodies. c The cell lysates of MG132-treated HuH6 cells were subjected to 
immunoprecipitation with IgG or anti-RNF152 antibody and detected by immunoblotting with indicated antibodies. d 293 T cells transfected 
Flag-tagged TSPAN12 plasmid were lysed and incubated with GST alone or GST-RNF152 immobilized on GST-Sepharose beads. The bound proteins 
were then detected by immunoblotting with indicated antibodies

https://thebiogrid.org/
https://thebiogrid.org/
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Fig. 5  RNF152 targets TSPAN12 for ubiquitination and degradation. a The cell lysates of MG132-treated HuH6 cells were subjected to immunoblot 
with indicated antibodies. b The cell lysates of HepG2 cells transfected with EV or Flag-RNF152 were subjected to immunoblot with indicated 
antibodies. c HepG2 cells transfected with control or Flag-RNF152 plasmids were treated with 20 μM MG132 for 4 h. The cell lysates were 
immunoprecipitated by Tandem Ubiquitin Binding Entity 2 (TUBE2) resin for ubiquitinated proteins enrichment and immunoblotted as indicated. 
d 293 T cells were transfected with the indicated plasmids for 36 h. After immunopurification with anti-HA resin, in vitro ubiquitylation of TSPAN12 
was performed in the presence of E1, E2s, Flag-RNF152 and ubiquitin (Ub). Samples were incubated at 37℃ and subjected to immunoblot with 
indicated antibodies. e The cell lysates of HuH6 cells transfected with con-shRNA or RNF152-shRNA were subjected to immunoblot with indicated 
antibodies. f HuH6 cells transfected with con-shRNA or RNF152-shRNA were treated with 40 μM cycloheximide (CHX) for 0, 2, 4, 8, 10 h. The cell 
lysates were subjected to immunoblot as in g. Statistic results of western blotting analysis were obtained by image J software and normalized to 
actin intensities. Error bars indicate the means ± SD., n = 3. g HuH6 cells transfected with con-shRNA or RNF152-shRNA were treated with 20 μM 
MG132 for 4 h. The cell lysates were immunoprecipitated by TUBE2 resin for ubiquitinated proteins enrichment and immunoblotted as indicated
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of RNF152 significantly enhanced the expression and 
secretion of CXCL6, which could be largely reversed by 
simultaneously TSPAN12 inhibition (Fig.  6e, f ). Thus, 
these in  vitro results suggested a functional interplay 
between RNF152 and TSPAN12 in HCC involving the 
CXCL6 signaling pathway. To further test the relation 
between RNF152 and TSPAN12 in  vivo, we established 
xenografts using those cell lines in nude mice. Our 
results showed that silencing the expression of TSPAN12 
antagonized the enhancement of the in vivo HCC tumor 
growth induced by RNF152 depletion (Fig. 6g, h). There-
fore, these data suggest that the tumor suppressor roles 
of RNF152 in HCC were at least partly dependent on the 
degradation of TSPAN12.

Discussion
In this study, we uncovered a tumor suppressor role of 
RNF152 in HCC and found that RNF152 is down-regu-
lated and essential to inhibit the proliferation and inva-
sion of HCC via TSPAN12 degradation. Our results 
demonstrate that RNF152 is a FoxO1 regulated gene in 
HCC. FoxO1 recognized a putative insulin-response ele-
ment (IRE) located in the promoter region of RNF152 
to induce its mRNA expression. Given the frequently 
down-regulation of FoxO1 in HCC, the mRNA level of 
RNF152 was correlated with FoxO1 and significantly 
decreased in HCC samples. In addition, we analyzed the 
RNF152 expression in the online Kaplan–Meier Plotter 

HCC database (http://kmplo​t.com/), and found that 
lower RNF152 mRNA level showed marginal unfavorable 
impact on survival for patients with HCC, indicating a 
tumor suppressor role of RNF152 in HCC.

RNF152 is a RING ubiquitin E3 ligase, which exerts 
its biological function by promoting the ubiquitination 
modification of its substrates. In colorectal cancer (CRC), 
overexpression of RNF152 has been show to inhibit 
CRC cell proliferation both in vitro and in vivo by inac-
tivating the mechanistic target of rapamycin complex 1 
(mTORC1) via targeting RagA for K63-linked ubiquit-
ination and inducing autophagy and apoptotic cell death 
[12]. However, it still unknown whether RNF152 could 
regulate the degradation of its ubiquitinated substrates. 
Because the E3 ligase must have a direct protein interac-
tion with its substrates, we therefore explored the inter-
acting proteins of RNF152 and identified TSPAN12 as a 
putative binding partner of RNF152 in HCC.

TSPAN12 plays an important role in regulating cell 
proliferation, migration and invasion and has been 
recently shown to be highly expressed in some cancers, 
such as lung cancer [21], breast cancer [26], ovarian can-
cer [27] and colorectal cancer [22]. However, the mRNA 
expression of TSPAN12 is not significantly changed in 
the TCGA HCC cohort as well in our HCC samples. The 
inconsistency of TSPAN12 mRNA regulation in HCC 
samples is most likely due to it being regulated by pro-
tein post-translational modification. Indeed, our study 

Fig. 6  RNF152 governed HCC progression partially dependent on TSPAN12 degradation. a HuH6 cells were transfected with or without shRNA 
against RNF152 individually or simultaneously with TSPAN12. The cell lysates were detected by immunoblotting with indicated antibodies. b HuH6 
cells in a were subjected to BrdU test. ***P < 0.001, **P < 0.01. c HuH6 cells in a were examined for colony formation. **P < 0.01. d HuH6 cells in a 
were examined for cell invasion. **P < 0.01. e CXCL6 mRNA expression was regulated by TSPAN12. The mRNA levels of CXCL6 in a were determined 
by real-time PCR. **P < 0.01. f The production of CXCL6 secreted from cells in a was quantified by ELISA. **P < 0.01, ***P < 0.001. g Each nude mouse 
was subcutaneously injected with 1 × 107 HuH6 cells in a, and continued observation for 4 weeks. Tumour growth was measured using a caliper at 
the indicated times after injection. n = 4 for each group. ***P < 0.001. h Tumor weights were measured after mice were sacrificed. **P < 0.01, *P < 0.05

http://kmplot.com/
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found that the protein level of TSPAN12 is regulated 
by the proteasome pathway. We further revealed that 
RNF152 can bind to TSPAN12 and promote its ubiquit-
ination-dependent degradation, leading to a decrease in 
its protein level. TSPAN12 has been reported to promote 
CXCL6 expression in fibroblasts through the β-catenin 
signaling pathway [24], which largely contributed to its 
oncogenic activity. We found that RNF152 could also 
regulate the expression and secretion of CXCL6 in HCC 
via TSPAN12. Importantly, silencing the expression of 
TSPAN12 antagonized the enhancement of the HCC cell 
growth, colony formation, and invasion in vitro as well as 
HCC tumor growth in  vivo induced by RNF152 deple-
tion. Recently, RNF152 has been identified as a positive 
regulator of TLR/IL-1R-mediated signaling and overex-
pression of RNF152 potentiates IL-1β- and LPS-induced 
NF-κB activation in an ubiquitination-independent man-
ner [28]. Although we and other groups have shown that 
RNF152 participates in the regulation of tumorigenesis-
related processes through its E3 ligase activity, we cannot 
completely rule out that RNF152 may also participate in 
some biological processes independent of its E3 ligase 
activity.

Conclusion
In summary, we have revealed a tumor suppressor role of 
RNF152 and a connection between RNF152 and FoxO1 
in HCC. Our finding further provides a novel molecular 
mechanism for the negative regulation of TSPAN12 by 
RNF152 in HCC cells. RNF152 suppresses HCC progres-
sion by ubiquitinating and degrading TSPAN12 to regu-
late CXCL6 signaling. Our results support an important 
role of the FoxO1-RNF152-TSPAN12 axis in the develop-
ment of HCC. Therapeutic targeting this axis may be an 
effective means of treating HCC.
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