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Background: The ubiquitin-proteasome system participates in the pathogenesis and pro-
gression of hepatocellular carcinoma (HCC). As an E3 ubiquitin ligase, RNF128 has been 
proved vital in carcinogenesis, whereas, little is known about the oncogenic mechanisms of 
RNF128 in HCC.
Materials and Methods: Through tissue microarray from HCC patients, we analyzed 
RNF128 expression and its relationship with clinical outcomes in HCC. Western blot and 
quantitative realtime polymerase chain reaction (qRT-PCR) were performed to examine 
expression levels of RNF128 in HCC tissues and cell lines. Effects of RNF128 on HCC 
cellular biological functions and the potential mechanism were evaluated through knock-
down and overexpression assays in vitro and in vivo methods.
Results: RNF128 expression was found to be remarkably elevated in HCC tissues compared 
with adjacent normal tissues. Furthermore, the overexpression of RNF128 enhanced hepa-
toma cells proliferation, colony formation, migration, invasion, and apoptotic resistance both 
in vitro and in vivo. Mechanistically, RNF128 activated EGFR/MEK/ERK signaling pathway 
and the EGFR inhibitor, gefitinib partially reversed RNF128-enhanced proliferation, inva-
sion, and migration in hepatoma cells.
Conclusion: RNF128 promotes HCC progression by activating EGFR/MEK/ERK signaling 
pathway, which might function as a novel prognostic molecular signature with the potential 
to be a candidate therapeutic target for HCC patients.
Keywords: hepatocellular carcinoma, RNF128, ubiquitination, EGFR/MEK/ERK signaling 
pathway, prognosis

Introduction
As a predominant type of primary liver cancer, hepatocellular carcinoma (HCC) 
mainly originates from liver injury and inflammation triggered by various risk 
factors, including hepatitis virus infection, obesity, chronic alcohol consumption, 
and exposure to aflatoxin.1,2 Due to the high recurrence, early invasion and metas-
tasis, the number of deaths attributed to HCC are the third highest among all 
cancers worldwide.3,4 Currently, the molecular mechanisms underlying HCC have 
not been elucidated and clinical methods for early diagnosis and treatments are 
lacking. Despite recent advances in targeted therapies for HCC, the benefits for 
HCC patients are still limited.5 Therefore, profound comprehension of the under-
lying molecular mechanism linked to HCC development is urgently needed for the 
identification of diagnosis and treatment targets of HCC.

The ubiquitin-proteasome system (UPS) plays a pivotal function in protein post- 
translational modification and is a modulator of the physiological, as well as 
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pathological processes in eukaryotes. E3 ubiquitin ligases 
are the core components of the system because of their 
specific recognition for substrates.6,7 The RING finger 
(RNF) protein family is a complex set of E3 ubiquitin 
ligase that possess an RNF domain. Recently, RING finger 
protein family members have been proved implicated in 
tumorigenesis and tumor progression.8 Overexpression of 
RNF38 enhances HCC malignant features by facilitating 
TGF-β signaling pathway and is associated with poor 
prognosis.9 TRAIP, another RING-type E3 ubiquitin 
ligase, promotes HCC progression by regulating the 
expression of cell cycle related protein to affect G1/S 
transition.10 Therefore, further studies into the role of 
RNF family members in tumor invasion and metastasis 
are advocated.

RNF128, also known as gene related to anergy in 
lymphocytes (GRAIL), is a RING finger protein family 
E3 ubiquitin ligase that participates in T cell anergy induc-
tion. Deficiency of RNF128 promotes anti-tumor immune 
response of CD8+ T cells.11 Besides that, RNF128 inter-
acts with p53 and activates EGFR/MAPK/MMP-2 path-
way, promoting the invasiveness and migratory ability of 
esophageal squamous cell carcinoma.12 In melanoma, 
however, RNF128 regulates Wnt/β-catenin signaling to 
suppress EMT and stemness through a mechanism invol-
ving CD44 ubiquitination.13 RNF128 downregulation is 
associated with poor prognosis in upper urinary tract and 
bladder cancer,14 whereas there is a lack of research about 
the role of RNF128 in HCC.

Herein, we aimed to detect the expression of RNF128 
in HCC tissues and evaluate its relationship with prog-
nosis. We found that RNF128 expression was markedly 
higher in tumor in contrast to peritumor tissues, which was 
correlated with a poor clinical outcome. Furthermore, 
RNF128 promoted the invasiveness and metastatic poten-
tial of HCC in vivo and in vitro by activating EGFR/MEK/ 
ERK signaling cascade.

Methods and Materials
Patients and Samples
Twenty-eight pairs of frozen HCC tissues and correspond-
ing normal adjacent tissues were collected from Clinical 
Medical College, Yangzhou University for quantitative real-
time polymerase chain reaction (qRT-PCR), and 16 tissue 
pairs were selected for Western blotting. One hundred and 
seventy-one pairs of paraffin-embedded HCC tissues and 
matched normal adjacent tissues were collected from HCC 

patients underwent complete surgical excision from 
January 2006 to December 2008 at Zhongshan Hospital 
Fudan University (Shanghai, China). HCC diagnosis was 
independently confirmed by 2 clinical pathologists. 
Corresponding clinicopathological information was gath-
ered for follow-up statistical analysis. All subjects pro-
vided a written agreement to participate in the study and 
were fully informed of the details of the study. Approval 
for the study was provided by the ethics committee of 
Clinical Medical College, Yangzhou University and 
Zhongshan Hospital Research Ethics Committee, Fudan 
University. The research conformed to the guidelines of 
the Declaration of Helsinki.

Tissue Microarray
Tissue microarrays (TMA) were established as follows: 
Histological examination of HCC samples was performed 
by H&E staining to select sites that were not necrotic or 
hemorrhagic selected on paraffin blocks. In each case, 
1-mm-diameter repeated punches were taken from two 
distinct sites, the central part of the tumor and the closest 
non-cancerous margin (referred to as intratumor and peri-
tumor, respectively, 4 holes in total) to ensure homogenous 
staining and reproducibility (Shanghai Biochip Co., Ltd., 
Shanghai, China). In this way, we designed 4 tissue micro-
array blocks, with 171 cylinders in each block. These 
blocks (4µm thick) were mounted on glass slides coated 
with 3-aminopropyltriethoxysilane.

Immunohistochemistry (IHC)
Overnight dewaxing of the slides was performed by heating 
them at 60°C and then rinsed twice with xylene, 10 minutes 
each. Tissues were rehydrated by rinsing for 5 minutes in 
95%, 80%, and 75% ethanol in distilled water. The tissues 
were treated with 3% hydrogen peroxide for 20 minutes to 
inactivate endogenous peroxidase. Samples were heated in 
EDTA (pH 8.0) (Absin Biotechnology Co., Ltd. Shanghai, 
China) at 95°C for 15 minutes for antigen recovery. They 
were then blocked with universal blocking serum for 1 hour 
and incubated with anti-RNF128 (Abcam, Cat. No. 
ab72,533) at 1:200, at 4°C overnight. Then, the samples 
were incubated with biotin-labeled secondary antibody and 
streptavidin-peroxidase (Goldenbridge Biotechnology, 
Zhongshan, China) for 30 minutes. Signal was developed 
using diaminobenzidine and tissues counterstained with 
hematoxylin. Samples were then dehydrated according to 
standard procedures and sealed with coverslips. They were 
then examined on a Leica QWin Plus v3 software (Leica 
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Microsystems Imaging Solutions). Image J pro plus was used 
to analyze immunohistochemical staining intensity. 
Expression was considered high if staining intensity was 
greater than the median, and low if the staining intensity 
was less than or equal to the median.

Cell Lines
The human HCC cell lines MHCC97-H, MHCC97-L, 
HepG2, PLC/PRF/5, and HCCLM3 were obtained from 
the cell bank of the Chinese Academy of Sciences 
(Shanghai, China). All cells were cultured in DMEM 
supplemented with 10% FBS (Gibco, Thermo Fisher 
Scientific, USA) and 1% pen/strep (Beyotime Institute of 
Biotechnology, Shanghai, China). Cells were cultured at 
37°C, 5% CO2, in a humified incubator.

Lentivirus Infection
All lentiviral vectors were bought from Shanghai 
Genomeditech Company (Shanghai, China). MHCC97-L 
and MHCC97-H cells were transfected with RNF128 
shRNA lentiviral vectors and its control vector, and PLC/ 
PRF/5 and HepG2 cells with RNF128 cDNA lentiviral vector 
and its control vector. RNF128 shRNA target sequences were: 
shRNA1, 5ʹ-TCTTAACGTGCAACCATATTT-3ʹ; shRNA2, 
5ʹ-GCAGTGGATGTTATTCCTCAT-3ʹ; shRNA3, 5ʹ-GCA 
GTAGACATTGTTGCAATC-3ʹ. Antibiotic-resistant trans-
fected cells were selected by treating with puromycin for 3 
days.

Western Blot
Protein samples were obtained from the tissues using cell 
lysis buffer (Beyotime Institute of Biotechnology, Cat. No. 
P0013). Proteins were separated on 10% SDS PAGE 
(Beyotime Institute of Biotechnology, Shanghai, China). 
Protein was transferred onto 0.2µM polyvinylidene fluoride 
membranes (Merck-millipore, Darmstadt, Germany) and 
blocked with 5% skim milk in 0.1% TBST at room tem-
perature for 1 hour. The membranes were then incubated 
with the following primary antibodies at 4°C for 12 hours: 
anti-RNF128 (Abcam, Cat. No. 72533) at 1:1000, anti- 
EGFR (Cell signaling, Cat. No. #2085) at 1:1000, anti- 
p-EGFR (Cell signaling, Cat. No. #3777) at 1:1000, anti- 
MEK (Cell signaling, Cat. No. # 9126) at 1:1000, anti- 
p-MEK (Cell signaling, Cat. No. #9154) at 1:1000, anti- 
ERK (Cell signaling, Cat. No. #4695) at 1:1000, anti- 
p-ERK (Cell signaling, Cat. No. #4370) at 1:1000, and anti- 
GAPDH (Cell signaling, Cat. No. #5174) at 1:1000. 
Membranes were then rinsed and incubated with secondary 

antibody (Cell signaling, Cat. No. #7074) at 1:2000, at 
room temperature for 2 hours. Signal was developed by 
enhanced Chemiluminescent Substrate (NCM Biotech, 
Suzhou, China), examined on a Biorad Chemidoc XRS 
Gel Imaging System and analyzed using ImageJ.

qRT-PCR
RNA was extracted using TRIzol reagent (Invitrogen, 
USA). cDNA was synthesized using prime Script RT kit 
(TaKaRa, Japan). qRT-PCR was performed with SYBR 
Green Realtime PCR Master Mix (Yeasen, Shanghai, 
China) using the following PCR primers: RNF128, fwd: 5ʹ- 
CTGCTCGAAGGCTACGGAATG-3′ and rvs: 5ʹ-GTGTG 
CGTAGTTGAAGCCTTCC-3ʹ. GAPDH, fwd: 5ʹ-GTCTCC 
TCTGACTTCAACAGCG-3ʹ and rvs: 5ʹ-ACCACCCTGTT 
GCTGTAGCCAA-3ʹ.

Cell Counting Kit-8 (CCK8) and Colony 
Formation Assay
In the CCK8 test, 2 × 103 cells per well were cultured in 
96-well plate and incubated with CCK8 reagent for 2 
hours. Absorbance was read at 450nm using an automatic 
plate reader.

In the colony formation assay, 1 × 103 cells per well 
were cultured in 6-well plates for 2 weeks. This was 
followed by fixation with 4% PFA and staining with 
0.1% crystal violet. Colonies were counted under 
a microscope.

Wound-Healing Assays and Invasion 
Assays
In the wound-healing test, a sterile 200μL pipette tip was 
used to create a linear wound by scratching the surface of 
HCC cells. Wound healing was then examined under 
a microscope and imaged at appropriate times. Image 
J was used to calculate average area of cell migration.

In the cell transwell test, cells were seeded into 8-μm 
pore size, 24-well transwell plates, pre-coated with matrix 
gel for invasion assays and left uncoated for migration 
assays. 5×104 cells suspending in 200μL of DMEM were 
seeded into the upper chamber and 600μL DMEM+10% 
FBS added into the lower chamber. The cells were cul-
tured for 48h, fixed with 4% PFA and stained with crystal 
violet. Invading and migrating cells were counted and 
imaged under a microscope. Results of 3 independent 
experiments were presented a mean ± SD.
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Flow Cytometry
Flow cytometry was used to assess apoptosis. Cells were 
collected and stained with annexin V-FITC/PI. The upper 
right quadrant indicates annexin V/PI positive, hence late 

apoptotic cells whereas the lower right quadrant indicates 
annexin V positive, hence early apoptotic cells. Both 
quadrants are used to assess level of apoptosis among 
groups.

Figure 1 RNF128 is highly expressed in HCC and signifies poor HCC prognosis: (A) RNF128 protein levels in 16 pairs of frozen HCC tissues and their corresponding 
peritumor tissues. (B) RNF128 mRNA levels were verified by qRT-PCR, shown as log (T/N). (C) Tissue microarray analysis of RNF128 expression in HCC and matched 
peritumor tissues. RNF128 expression was higher in HCC relative to peritumor tissue. (D) Representative images of TMA stained with H&E and anti-RNF128 IHC. Scale 
bars: 0×= 500μm; 200×= 100μm. (E) Kaplan–Meier analysis of overall survival and recurrence in 171 patients, which were divided into 2 groups by median optical density. 
****p< 0.0001.
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Animal Model
Four weeks old nude mice were obtained from the 
Translational Medical Center of Yangzhou University 
and housed in a pathogen-free room. 5×106 HCC cells 
were subcutaneously xenografted into the mice. The 
growth of tumors was measured at intervals of 3 days 
post-injection until 4 weeks. The animal experiments 
were approved by the Animal Experimentation Ethics 
Committee of Yangzhou University. All experiments 
were conducted followed the NIH Guide for the Care 
and Use of Laboratory Animals and Department of 
Science and Technology of Jiangsu Province 
Guidelines on the Treatment of Laboratory Animals.

Statistical Analysis
SPSS software 22.0 was used for statistical analysis. 
Differences of quantitative data between 2 groups were 
compared with Student’s t-test. The relationship between 2 
categorical variables was assessed by the Fisher’s exact 
test and Pearson’s correlation coefficient. The Kaplan– 
Meier method and the Log rank test were utilized to 
analyze overall survival and cumulative recurrence rate. 
Cox proportional hazard regression was used to investigate 
independent prognostic factors. P values < 0.05 were con-
sidered statistically significant.

Results
RNF128 is Highly Expressed in HCC and 
Signifies Poor HCC Prognosis
First, we assessed RNF128 protein and mRNA levels in 
the 24 pairs of HCC and paired adjacent normal tissues by 
Western blot and qRT-PCR. Results showed that RNF128 
protein levels were elevated in HCC tissues relative to 
adjacent normal tissues (Figure 1A, p<0.001). 
Consistently, RNF128 mRNA levels were elevated in 17 
samples of HCC tissues, accounting for 70.83% of all, 
compared with corresponding peritumor normal tissues 
(Figure 1B). IHC analysis on a tissue microarray slide of 
samples from 171 HCC patients was performed to further 
identify that RNF128 was elevated in tumor tissues rela-
tive to matched peritumor normal tissues (Figure 1C and 
D, p<0.001).

Additionally, we evaluated association between 
RNF128 expression and clinicopathological features of 
171 HCC patients. We found RNF128 expression levels 
were significantly correlated with tumor size (p=0.011), 
Edmondson–Steiner Grade (p=0.002), and advanced TNM 

stage (p=0.003, Table 1). Kaplan-Meier analysis revealed 
that HCC patients with high RNF128 expression (n=85) 
tended to herald a shorter survival time and a higher 

Table 1 Correlation Between RNF128 and Clinicopathological 
Characteristics in 171 HCC Patients

Variables Number of Patients P value

RNF38low RNF38high

Gender
Female 17 8 0.056

Male 69 77

Year

≥ 52 47 46 0.945

< 52 39 39

Hepatic cirrhosis

Yes 76 80 0.186
No 10 5

HbsAg
Negative 13 18 0.307

Positive 73 67

HCV

Negative 84 85 0.497a

Positive 2 0

AFP
<20 37 30 0.303

≥20 49 55

Tumor size (cm)

<5 56 39 0.011(*)

≥5 30 46

Tumor number

Single 74 72 0.805
Multiple 12 13

Tumor encapsulation
Complete 47 38 0.196

None 39 47

Edmondson-Steiner Grade

I + II 62 42 0.002(**)
III 24 43

Embolus
Absence 62 58 0.584

Present 24 27

TNM stage

I 67 48 0.003(**)

II + III 19 37

Notes: aFisher test; p < 0.05 was considered significant; *p < 0.05; **p < 0.01. 
Abbreviations: HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; AFP, 
alpha-fetoprotein; TNM, tumor node metastasis.
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recurrence rate compared with low RNF128 expression 
(n=86, Figure 1E, p<0.001). Univariate and multivariate 
analyses showed that RNF128 expression level is an inde-
pendent risk factor for HCC prognosis (Table 2).

High Levels of RNF128 Promote HCC 
Cells Proliferation
To further investigate the impact of RNF128 on the devel-
opment of HCC, we detected RNF128 expression in dif-
ferent HCC cell lines (Supplementary Figure 1A). Next, 
we used shRNA to knock down RNF128 in MHCC97-L 
and MHCC97-H cells, which express high level of 
RNF128. Reciprocally, RNF128 was overexpressed in 
HepG2 and PLC/PRF/5 cell as they express low level of 
RNF128. The transfection efficiency of lentiviral infection 
was successfully verified by Western blot (Supplementary 
Figure 1B).

Then, we preformed CCK8 tests and colony formation 
assays to examine the impact of RNF128 on proliferative 
potential of HCC cells. CCK8 test revealed that overex-
pression of RNF128 promoted HepG2 and PLC/PRF/5 
cells proliferation (Figure 2A, p=0.0015, p=0.0007), 
while its knockdown significantly suppressed MHCC97- 
L and MHCC97-H cell proliferation (p=0.0033, 
p=0.0031). Same trends were observed in the colony for-
mation assay, the colony formation of MHCC97-H and 
MHCC97-L cells in the shRNF128 group were 

significantly lower than control group (Figure 2B, 
p=0.0003, p=0.0029), while the RNF128 overexpression 
significantly increased colony formation of HepG2 and 
PLC/PRF/5 cells (p<0.0001, p=0.0006). These results 
indicated that RNF128 might be critical for promoting 
cell proliferation and tumor growth.

High Levels of RNF128 Promote HCC 
Cells Migration and Invasion
To explore the impact of RNF128 on invasion and motility 
of HCC, transwell and wound-healing assays were con-
structed. In the transwell assay, PLC/PRF/5 and HepG2 
cells in the overexpressed RNF128 group had more cells 
passing through the wells than control group, while 
MHCC97-H and MHCC97-L cells in the RNF128 knock-
down group had less cells passing through both before and 
after matrix gel addition (Figure 3A). Results about the 
HCC cells mobility in wound-healing assay showed an 
alike consequence (Figure 3B). These data indicated that 
RNF128 enhanced migration and invasion of HCC cells.

High Levels of RNF128 Inhibit Apoptosis 
of HCC Cells
Next, flow cytometry was employed to evaluate whether 
RNF128 has an impact on anti-apoptotic capacity of HCC 
cells. In HepG2 cells, the percentage of annexin V positive 
cells upon RNF128 group vs controls was 4.13±0.31% and 

Table 2 Univariate and Multivariate Analyses of Factors Associated with Overall Survival and Cumulative Recurrence

Factors Overall Survival Cumulative Recurrence

Univariate Mulvariate Univariate Mulvariate

P value HR 95%Cl P value P value HR 95%Cl P value

Gender (Male vs Female) 0.136 NA 0.232 NA

Age (years) (≥53 vs <53) 0.621 NA 0.276 NA
Liver cirrhosis (yes vs no) 0.586 NA 0.227 NA

HBsAg (positive vs negative) 0.895 NA 0.266 NA

HCV (positive vs negative) 0.963 NA 0.762 NA
Serum AFP, ng/mL (≥20 vs <20) 0.237 NA 0.013 NS

Edmondson-Steiner Grade (III vs I/II) 0.095 NA 0.006 NS

Tumor encapsulation (no vs yes) 0.232 NA 0.058 NA
TNM stage (II/III vs I) 0.008 NS 0.107 NA

Tumor size (diameter, cm) (≥5 vs <5) 0.042 NS 0.007 NS

Embolus (Present vs Absence) <0.001 2.38 1.49–3.79 <0.001 0.001 NS
Tumor number (multiple vs single) 0.018 NS <0.001 2.49 1.51–4.12 <0.001

RNF128 staining (high vs low) <0.001 3.31 2.01–5.46 <0.001 <0.001 2.29 1.47–3.58 <0.001

Notes: Univariate and multivariate analysis, Cox proportional hazards regression model. 
Abbreviations: HR, hazard ratio; 95% CI, 95% confidence interval; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; AFP, alpha-fetoprotein; TNM, tumor node 
metastasis; NA, not adopted; NS, not significant.
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11.38±0.51%, respectively (Figure 4A, p=0.0021). In 
PLC/PRF/5 cells, the percentage of annexin V positive 
cells upon RNF128 group vs controls was 14.45±0.59% 
and 17.88±0.34%, respectively (Figure 4A, p<0.001). For 

the shRNF128 group vs corresponding control group, the 
percentage of annexin V positive cells was 11.67±0.57% 
vs 7.50±0.45% and 7.06±0.86% vs 3.75±0.63% in 
MHCC97-L cells and MHCC97-H cells (Figure 4B, 

Figure 2 High levels of RNF128 promote HCC cells proliferation: (A) CCK8 assay was used to assess HCC cell proliferation. RNF128 knockdown significantly suppressed 
hepatoma cell proliferation, while overexpression of RNF128 increased their proliferation. (B) RNF128 knockdown significantly suppressed colony formation by hepatoma 
cells, while overexpression of RNF128 increased colony formation. **p<0.01; ***p<0.001, ****p< 0.0001.
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p=0.0013, p=0.0118), respectively, indicating that RNF128 
remarkably inhibited the apoptosis of HCC cells.

High Levels of RNF128 Promote HCC 
Progression in Nude Mice
A subcutaneous xenograft model was constructed to confirm 
whether the oncogenic effects of RNF128 are consistent with 
the malignant behaviors of HCC in vivo. To this end, 
MHCC97-L-shRNF128 cells, PLC/PRF/5-RNF128 cells 
and corresponding control transfected cells were injected 
via subcutaneous route into BALB/c nude mice. Tumor 
volumes were then measured at intervals of three days for 
two weeks. Consistent with the observations in vitro, 
RNF128 was found to be involved in modulating trans-
planted tumor growth in nude mice (Figure 5A). Compared 
with MHCC97-L-control cells (943.15±252.96mm3), 
MHCC97-L-shRNF128 cells (307.57±75.92mm3) exhibited 

lower proliferation ability with 67% reduction in volume and 
42% in weight (Figure 5B, p=0.0013, and Figure 5C, 
p=0.0066). In contrast, compared with PLC/PRF/5-control 
cells (189.75±107.73mm3), PLC/PRF/5-RNF128 cells 
(598.76± 171.36mm3) showed higher proliferation ability 
with 68% growth in volume and 69% in weight (Figure 5B, 
p=0.0037, Figure 5C, p=0.0172).

EGFR/MEK/ERK Pathway Activation is 
Involved in RNF128 Enhanced HCC 
Progression
In order to explore the potential mechanism of RNF128 in 
HCC progression, meanwhile refer to previous studies,12 

we analyzed the correlation between RNF128 and the 
marker genes from EGFR/MEK/ERK signaling pathway 
by Gene Expression Profiling Interactive Analysis 
(GEPIA). The results showed that RNF128 was 

Figure 3 High levels of RNF128 promote HCC cells migration and invasion: effects of RNF128 knockdown or overexpression on migration and invasion were measured by 
transwell assays (A) and wound-healing migration assays (B). Scale bar: 200×= 100μm. *p<0.05, **p<0.01, ***p<0.001.
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significantly correlated with the expression of EGFR, 
MAP2K1 and MAPK1 in HCC (Figure 6A, all p<0.001).

To further investigate whether RNF128 is involved 
in EGFR signaling pathway, we examined activation of 
EGFR/MEK/ERK in MHCC97-L and HepG2 cells by 
Western blot. We observed that p-EGFR, p-MEK and 
p-ERK1/2 were significantly upregulated in RNF128 
overexpressed cells (Figure 6B, p=0.0012, p<0.001, 
p=0.0029), but decreased in RNF128 knockdown cells 
(all p<0.001).

Then gefitinib (1μM), the EGFR inhibitor, was used to 
confirm whether EGFR/MEK/ERK signaling is involved in 
RNF128 promoting effect on HCC malignant behavior. 

Expression of p-EGFR, p-MEK and p-ERK1/2 was 
decreased after gefitinib treatment, and EGFR/MEK/ERK 
pathway could be reactivated by RNF128 (Figure 6C). Cell 
function experiments revealed that the inhibitory effect of 
gefitinib on EGFR/MEK/ERK signaling counteracts the 
enhancement on migration, invasion and proliferation 
caused by RNF128 overexpression in HepG2 (Figure 6D, 
and E), suggesting that RNF128 might promote HCC pro-
gression via the EGFR/MEK/ERK pathway.

Discussion
The high metastasis and recurrence rate are responsible for 
the poor prognosis of HCC patients.5 In this study, we 

Figure 4 High levels of RNF128 inhibit apoptosis of HCC cells: Apoptosis was evaluated in HepG2 cells, PLC/PRF/5 cells (A), MHCC97-L cells and MHCC97-H cells (B) 
upon RNF128 overexpression or inhibition using flow cytometry. *p<0.05, **p<0.01; ***p<0.001.
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demonstrated that the expression of RNF128 was signifi-
cantly upregulated in HCC tissues and associated with the 
HCC malignancy via EGFR/MEK/ERK signal pathway.

RNF128, a member of E3 ubiquitin ligases, is a type 
I transmembrane protein located in endosomal 
compartment.15–17 It has been confirmed to have an 
important role in both adaptive and innate immune 
responses. RNF128 induces the formation of immune 
tolerance in naïve T cells and the maintenance of Treg 
cells immunoregulatory function by mediating the ubi-
quitination and degradation of TCR-CD3. In mice, 
RNF128 deficiency is associated with higher risk of auto-
immune disease.18 RNF128 also promotes TBK1 activa-
tion by mediating k63-linked polyubiquitination of 
TBK1, which promotes IRF3 activation and INF-β pro-
duction. Thus, RNF128 is considered an enhancer of the 
innate immunity to RNF and DNA viruses.19 In addition, 
RNF128 also regulates energy metabolism20 and cytos-
keletal reorganization.21

RNF128 has recently been documented to be involved 
in the progression of diverse cancers, including esophageal 
cancer,12 melanoma,13 urothelial carcinoma14 and 

lymphoma.11 Nonetheless, the role of RNF128 in HCC 
remains unexplored. Here, we clarified the function and 
mechanism of RNF128 in HCC for the first time. We 
showed that RNF128 expression was significantly elevated 
in HCC tissues, and higher expression of RNF128 in more 
malignant HCC cell lines, suggesting elevated RNF128 
level may positively correlate with tumor malignancy. 
Analysis of clinical data from 171 HCC patients revealed 
RNF128 as an independent risk factor in HCC recurrence 
and survival. Simultaneously, high RNF128 levels were 
significantly correlated to malignant phenotypes, including 
tumor size, Edmondson–Steiner Grade and TNM stage.

Next, we explored the impact of RNF128 on HCC 
tumorigenesis and progression by overexpressing and 
knocking down RNF128 in HCC cell lines to conduct 
a series of cell function experiments. To ensure the relia-
bility of the results, we selected two cell lines for knock-
down and two cell lines for overexpression. Compared 
with the control group, RNF128 overexpression signifi-
cantly enhanced invasion, metastasis, proliferation, and 
apoptosis resistance of HCC cells, while RNF128 knock-
down had the opposite effect. In nude mouse xenograft 

Figure 5 High levels of RNF128 promote HCC progression in nude mice: (A) Tumors derived from nude mice bearing MHCC97-L-control cells and MHCC97-L-shRNF128 
cells, PLC/PRF/5-control cells and PLC/PRF/5-RNF128 cells (n=5). (B and C) Statistical analysis of tumor volume and weight in different groups to assess tumor growth. 
*p<0.05, **p<0.01.
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model, influence of RNF128 on tumor growth was con-
sistent with the cell experiments in vitro.

RNF128 physically interacts with the N-terminus of 
p53, ubiquitinating it and thus, suppresses its transacti-
vation activity.22 It is known that P53 interacts with the 

EGFR promoter and regulates EGFR phosphorylation at 
multiple sites.23–25 Therefore, we further investigated the 
relationship between RNF128 and EGFR signaling in 
HCC and detected that phosphorylation of EGFR, ERK, 
and MEK were enhanced in HCC cells stably 

Figure 6 EGFR/MEK/ERK pathway activation is involved in RNF128 enhanced HCC progression: (A) mRNA expression level correlation between RNF128 and EGFR/MEK/ 
ERK pathway marker genes (EGFR, MAP2K1, MAPK1) in HCC cells. (B) Expression of EGFR/MEK/ERK pathway markers (p-MEK, MEK, p-ERK, ERK, EGFR, p-EGFR) in 
MHCC97-L-control/MHCC97-L-shRNF128 and HepG2-control/HepG2-RNF128 cells quantified by Western blotting. (C) RNF128 over-expressing cells were pretreated 
with gefitinib (1μM) for 24 hours, Western blot analysis of EGFR/MEK/ERK pathway markers (EGFR, p-EGFR, MEK, p-MEK, ERK, p-ERK) expression in the indicated cells. 
Gefitinib counteracted RNF128-enhanced p-EGFR, p-ERK, p-MEK expression in HepG2 cells. (D and E) RNF128-enhanced migration, invasion, and proliferation in HepG2 
cells was eliminated by gefitinib. Scale bar: 200× = 100μm. *p<0.05, **p<0.01; ***p<0.001.
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overexpressing RNF128, and vice versa. GEPIA analysis 
also showed that RNF128 expression in HCC was sig-
nificantly correlated with MAP2K1, EGFR, and MAPK1 
genes. To further clarify the mechanism by which 
RNF128 promotes HCC invasion, metastasis, prolifera-
tion, and anti-apoptosis, we treated HCC cells stably 
overexpressing RNF128 with gefitinib, an EGFR inhibi-
tor, and observed a reversal of the malignant phenotypes 
enhanced by RNF128. These results suggest that 
RNF128 promotes HCC progression via EGFR/MEK/ 
ERK pathway, which is consistent with the study in 
esophageal squamous cell carcinoma that showed 
RNF128 activated the EGFR/MEK/ERK pathway, pro-
moting invasion and metastasis by direct interaction with 
p53. However, whether such EGFR/MEK/ERK pathway 
activated by p53-RNF128 interaction is present in HCC 
was not clarified in-depth in this article. The exact mole-
cular interaction between RNF128 and EGFR signaling 
is our main contents of research of next stage. EGFR 
signaling activation can regulate various adapter mole-
cules, triggering multiple downstream signal pathways, 
including phospholipase C cascades, JAK-STAT, and 
PI3K-AKT.26 Besides that, RNF128, as an E3 ubiquitin 
ligase, can affect various cellular biological functions by 
recognizing and binding multiple target proteins. 
Previous studies showed that lack of RNF128 enhanced 
the antitumor activity of CD8+ T cells in lymphomas.11 

All these suggest that RNF128 may modulate additional 
signal transduction pathways or participate in other bio-
logical processes in HCC, which needs to be explored 
further.

In conclusion, we relatively comprehensively explored 
the effects and potential mechanism of RNF128 in HCC 
tumorigenesis and progression. Our findings show that 
RNF128 promotes HCC migration, invasion, proliferation, 
and anti-apoptotic ability via EGFR/MEK/ERK signaling. 
Our study provides valuable insight into the role of 
RNF128 in HCC and highlights RNF128 as a potential 
novel target for HCC treatment.
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