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Abstract
Liver fibrosis is a chronic liver injury that leads to liver cirrhosis and liver cancer. Ring finger protein 20 (RNF20), also 
named as E3 ubiquitin-protein ligase BRE1A, has been reported to be involved in chronic liver diseases. However, the role 
of RNF20 in liver fibrosis remains unclear. To mimic liver fibrosis in vitro, LX-2 cells were treated with TGF-β. Gene and 
protein expressions were detected by RT-qPCR and western blot, respectively. The mechanism by which RNF20 mediated 
the progression of liver fibrosis was explored by bioinformatics analysis. Finally, in vivo mouse model of liver fibrosis was 
established to detect the function of RNF20. The results indicated that TGF-β-induced increase of cell viability and migra-
tion was significantly reversed by RNF20 overexpression. Consistently, overexpression of RNF20 significantly reversed 
TGF-β-induced activation of fibrotic proteins in LX-2 cells. Meanwhile, VEGFA, TNF-α and IL-6 were found to be the 
downstream targets of RNF20 in LX-2 cells. Moreover, RNF20 overexpression notably inhibited the progression of liver 
fibrosis via ubiquitination of H2B. Finally, RNF20 upregulation significantly attenuated the symptom of liver fibrosis in vivo. 
In summary, overexpression of RNF20 significantly inhibited the progression of liver fibrosis in vitro and in vivo. Therefore, 
RNF20 might serve as a new target for the treatment of liver fibrosis.
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Introduction

Liver fibrosis is considered as the outcomes after repairs 
of liver injury [1]. It is manifested by excessive deposition 
of extracellular matrix components in the liver, which can 
further develop into irreversible and highly lethal liver dis-
eases such as cirrhosis or hepatocellular carcinoma (HCC) 

[2, 3]. Nowadays, the major treatment of liver fibrosis is drug 
therapy [4], while the effect is still limited. Thus, it is essen-
tial to find new strategies for the treatment of liver fibrosis.

Ring finger protein 20 (RNF20), an ortholog of yeast 
Brel 1A, is an E3 ligase that ubiquitinates histone H2B 120 
lysine [5]. RNF20 is known to be participated in many bio-
logical events, such as cell division and transcription [6, 7]. 
Particularly, aberrant expression of RNF20 leads to ectopic 
lipid accumulation in the liver [8], which can mediate the 
progression of chronic liver diseases. However, the role of 
RNF20 in liver fibrosis remains unclear.

RNF20 and H2B monoubiquitination (H2Bub) have been 
shown to be important for a variety of biological processes, 
such as DNA replication [9], gene transcription [10], and 
tumorigenesis [11]. Meanwhile, ubiquitylation of histone 
H2B at lysine residue 120 (H2BK120ub) is a prominent his-
tone posttranslational modification (PTM) which is localized 
primarily to actively transcribed genes [12]. Furthermore, 
H2BK120ub mark has also been implicated in the DNA 
damage response (DDR) to double-strand breaks where it is 
thought to have a role in decompacting chromatin structure 
during the repairs of tissue injury [13]. A previous report 
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has indicated a functional crosstalk between RNF20 and 
H2BK120ub [14]. However, the correlation between RNF20 
and H2BK120ub in liver fibrosis remains unclear.

In the current study, we aimed to investigate the role of 
RNF20 in liver fibrosis. We hope the current study would 
shed new lights on exploring the treatment of liver fibrosis.

Material and methods

Tissue collection

Ten tissues of S1-2 phase (chronic hepatitis B, CHB) and 
ten tissues of S3-4 phase liver fibrosis tissues (Hepatitis B 
Cirrhosis, HBC) were collected from Zhejiang Provincial 
People’s Hospital between August 2019 and May 2020. 
Clinical and pathological data of these patients were col-
lected with their written informed consent. This research 
was approved by the Institutional Ethical Committee of 
Zhejiang Provincial People’s Hospital. The clinical informa-
tion of patients was listed in Table 1. Meanwhile, ten S1-2 
phase tissues and ten S3-4 phase tissues of patients with 
liver fibrosis were used for investigating the protein levels 
of H2B, H2BK120ub and RNF20 (Table 1). In addition, five 

S1-2 phase tissues and five S3-4 phase tissues of patients 
with liver fibrosis were used for investigating the level of 
PPARγ. The stage of liver fibrosis was classified according 
to the previous reference [15]. The clinical information was 
presented in Table 1.

Cell culture and treatment

Human hepatic stellate cell lines (LX-2) were obtained from 
the Institute of Biochemistry and Cell Biology of the Chi-
nese Academy of Sciences (Shanghai, China). The 293 T 
cells were obtained from the American Type Culture Col-
lection (ATCC, Manassas, VA, USA). Cells were cultured 
in RPMI-1640 medium (Gibco, Carlsbad, CA, USA) supple-
mented with 10% fetal bovine serum (Gibco) and penicillin 
(100 U/mL). In addition, cells were cultured in the condition 
of 37 °C and 5% CO2. To mimic liver fibrosis in vitro, LX-2 
cells were treated with 5 ng/ml TGF-β for 24 h.

Bioinformatics analysis

Differentially expressed genes among LX-2 cells, TGF-β-
treated LX-2 cells and TGF-β + RNF20-treated LX-2 cells 
were obtained from RNA-seq as previously described [16]. 
Volcano plots and heat map were performed to assess the 
differentially expressed genes among LX-2 cells, TGF-β-
treated LX-2 cells and TGF-β + RNF20-treated LX-2 cells. 
GO analysis was performed to explore the functions of genes 
in terms of biological processes, cellular components and 
molecular functions. Biological pathways were assessed in 
the Kyoto Encyclopedia of Genes and Genomes (KEGG).

Cell transfection

For in  vitro study, LX-2 cells were transfected with 
pcDNA3.1, pcDNA3.1-RNF20, pcDNA3.1-H2BK120R or 
pcDNA3.1-H2BWT using Lipofectamine 2000. pcDNA3.1, 
pcDNA3.1-RNF20, pcDNA3.1-H2BK120R and pcDNA3.1-
H2BWT were obtained from Hanbio (Shanghai, China). 
Plasmids expressing H2BWT and H2BK120R were con-
structed by cloning wild-type or lysine 120 to arginine 
mutated H2B PCR products into the pcDNA3.1 vectors. 
LX-2 cells were transfected with H2BK120R OE or H2BWT 
OE using Lipofectamine 2000. The efficiency of cell trans-
fection was investigated by RT-qPCR.

Adeno‑associated virus infection

In animal study, adeno-associated virus (AAV) was used 
for RNF20 overexpression. The pAV-TBG-RNF20 (AAV8-
RNF20) was synthesized by Vigene (Jinan, China). 293 T 
cells were transfected with pAV-TBG-RNF20 (AAV8-
RNF20). After 24  h of transfection, the supernatants 

Table 1   The clinical information of patients

G grade, S stage
*The stage of hepatitis was in accordance with the previous refer-
ence: [15]

Patient (No.) Age Sex Liver fibrosis 
stage*

Hepatitis grade

1 35 Male S1 G1
2 40 Male S1 G1-2
3 38 Male S1 G1
4 50 Male S1 G1
5 44 Male S1 G2
6 48 Male S2 G1
7 24 Male S2 G2
8 26 Male S2 G2
9 49 Female S2 G2
10 36 Female S2 G1-2
11 49 Male S3 G2
12 40 Male S3 G2
13 49 Female S3 G2
14 50 Male S3 G2
15 36 Male S3 G1
16 41 Female S4 G2
17 42 Male S4 G3
18 44 Female S4 G2
19 47 Male S4 G2
20 42 Male S4 G1
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containing virus particles of AAV-RNF20 were collected 
and filtered [16]. The viral titer of AAV8-RNF20 was 
7.94 × 1013 vg/ml. Meanwhile, the information of plasmids 
and AAV8 virus was provided in supplementary material.

Quantitative real time polymerase chain reaction 
(RT‑qPCR)

Total RNA was extracted from LX-2 cells or liver tissues 
using TRIzol reagent (TaKaRa, Tokyo, Japan) according 
to the manufacturer’s protocol. cDNA was synthesized 
using the reverse transcription kit (TaKaRa, Ver.3.0) 
according to the manufacturer’s protocol. Real-Time 
qPCRs were performed in triplicate under the following 
protocol: 10 min at 95 °C, followed by 35 cycles of 15 s at 
95 °C and 1 min at 60 °C. The primers were obtained from 
GenePharma (Shanghai, China). RNF20: forward, 5′-TGA​
GAA​GTC​AGG​TGT​GCG​TA-3′ and reverse 5′-AGA​GAC​
TTC​TTC​CAG​GCA​AC-3′. IL-6: forward, 5′-AGA​CAG​
CCA​CTC​ACC​TCT​TCA-3′ and reverse 5′-CAC​CAG​GCA​
AGT​CTC​CTC​AT-3′. VEGFA: forward, 5′-TGC​TCT​ACC​
TCC​ACC​ATG​C-3′ and reverse 5′-AGG​TTT​GAT​CCG​CAT​
AAT​CTG-3′. TNF-α: forward, 5′-CTC​TTC​TCC​TTC​CTG​
ATC​GTG-3′ and reverse 5′-TTT​GCT​ACA​ACA​TGG​GCT​
ACA-3′. GAPDH: forward, 5′-GCC​TTC​CGT​GTC​CCC​
ACT​GC-3′ and reverse 5′-GGC​TGG​TGG​TCC​AGG​GGT​
CT-3′. 2−ΔΔCt method was used to quantify the results, and 
GAPDH was used for normalization.

CCK‑8 assay

LX-2 cells were seeded in 96-well plates (5 × 103 per 
well) overnight. Then, cells were treated with TGF-β, 
TGF-β + vector, TGF-β + RNF20 overexpression (OE), 
TGF-β + H2BK120R OE or TGF-β + H2BWT OE for 72 h. 
10 μl CCK-8 reagents were added to each well and cells 
were incubated for 2 h at 37 °C. Finally, the absorbance 
of LX-2 cells was measured at 450 nm using a microplate 
reader (Thermo Fisher Scientific).

Wound healing assay

LX-2 cells were plated into a 24-well Cell Culture Cluster 
and allowed to grow to 80–90% confluence. Then, cells 
were underlined perpendicular to the cell culture plate 
with a small pipette head. After washing with PBS three 
times, serum-free medium was used for further culture, 
and the scratch widths at 0 and 24 h were recorded under 
an optical microscope.

Western blot detection

Total protein was isolated from cell lysates or tissues 
using RIPA buffer. The concentration of protein was 
detected with a BCA protein kit (Thermo Fisher Sci-
entific). Then, proteins (40 μg per lane) were separated 
with 10% SDS-PAGE gel and then transferred into poly-
vinylidene fluoride (PVDF, Thermo Fisher Scientific) 
membranes. After blocking with 3% skim milk for 1 h, 
the membranes were incubated with primary antibodies at 
4 °C overnight. Subsequently, membranes were incubated 
with secondary anti-rabbit antibody (Abcam; 1:5000) at 
room temperature for 1 h. Membranes were scanned using 
an Odyssey Imaging System and analyzed with Odyssey 
v2.0 software (LICOR Biosciences, Lincoln, NE, USA). 
The primary antibodies used in this study were as fol-
lows: anti-collagen I (Abcam, Cambridge, MA, USA; 
1:1000), anti-RNF20 (Abcam; 1:1000), anti-H2BK120ub 
(Abcam; 1:1000), anti-PPARγ (Abcam; 1:1000), anti-
H2B (Abcam; 1:1000), anti-α-SMA (Abcam; 1:1000) and 
anti-GAPDH (Abcam; 1:1000). GAPDH was used as an 
internal control.

In vivo model of liver fibrosis

C57BL/6 J mice were obtained from the Chinese Academy 
of Sciences (Shanghai, China). CCl4 was also dissolved 
in olive oil at a proportion of 1:10. Mice were randomly 
divided into five groups: (1) control, (2) CCl4 (2 weeks), (3) 
CCl4 (4 weeks), (4) CCl4 (8 weeks) and (5) CCl4 + AAV-
RNF20. CCl4 (0.5 mg/kg) was intraperitoneally injected 
into the mice twice a week for 2, 4 or 8 weeks. Meanwhile, 
AAV-RNF20 virus (1 × 109 pfu/mouse) was injected through 
the tail vein at 2 days before the first CCl4 administration. 
At the end of the study, mice were sacrificed for the collec-
tion of liver tissues. Moreover, the liver tissues of mice were 
dissected and then symptom of liver fibrosis was detected by 
hematoxylin–eosin (HE) and Masson’s trichrome as previ-
ously described [17, 18].

All the protocols were performed according to the guide-
lines of the Use Committee of Zhejiang Provincial People’s 
Hospital (No. 20200004), and all the animal experiments 
were performed in accordance with National Institutes of 
Health guide for the care and use of laboratory animals.

Immunohistochemical (IHC) staining

Tissues of mice or patients were fixed in 4% paraformal-
dehyde in PBS overnight, paraffin-embedded, and cut into 
5-μm-thick sections. Paraffin sections were deparaffinized 
and rehydrated. The sections were heated in sodium citrate 
buffer in a microwave for antigen retrieval, washed with 
phosphate-buffered saline (PBS) for 5 min (three times) at 
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room temperature, incubated in 3% H2O2 at room tempera-
ture for 25 min, washed with PBS for 5 min (three times) 
and blocked and incubated in goat serum for 30 min. Then, 
the samples were stained with primary antibodies (anti-
H2BK120ub and anti-α-SMA) overnight at 4  °C. After 
that, samples were incubated with secondary antibody 
(HRP-labeled) for 30 min at 37 °C. Finally, freshly prepared 
diaminobenzidine (DAB) was added for colour development. 
All the antibodies were obtained from Abcam. The positive 
hepatic stellate cells were observed under a fluorescence 
microscope.

Statistical analysis

Each group was performed three independent experiments 
and all data were expressed as the mean ± standard devia-
tion (SD). Differences were analyzed using Student’s t-test 
(only two groups) or one-way analysis of variance (ANOVA) 
followed by Tukey’s test (more than 2 groups, Graphpad 
Prism7). Meanwhile, the statistical analysis of age/sex cor-
relation was performed using Chi-square test. P < 0.05 was 
considered to indicate a statistically significant difference.

Results

RNF20 and H2BK120ub were downregulated in liver 
fibrosis

To detect the expressions of RNF20 and H2BK120ub in 
patient with liver fibrosis, western blot was used. As indi-
cated in Fig. 1a–f, the levels of RNF20, H2BK120ub and 
PPARγ in S3-4 phase liver fibrosis tissues (HBC) were 
significantly downregulated, compared to that in S1-2 
phase liver fibrosis tissues (CHB). Meanwhile, RNF20 and 
H2BK120ub expressions were negatively correlated with 
hepatitis stage of patients with liver fibrosis, while RNF20 
and H2BK120ub expression were not correlated with age 
or sex (Fig. 1a, b; Table 2). In summary, these data revealed 
that RNF20, H2BK120ub and PPARγ were downregulated 
in liver fibrosis.

In vitro model of liver fibrosis was successfully 
established

To mimic in vitro model of liver fibrosis, LX-2 cells were 
treated with TGF-β. As revealed in Fig. 2a, TGF-β sig-
nificantly increased the viability of LX-2 cells. Moreover, 
migration of LX-2 cells was notably enhanced by TGF-β 
(Fig. 2b). In addition, protein expression of collagen I and 
α-SMA in LX-2 cells were significantly increased by TGF-β 
(Fig.  2c). In contrast, TGF-β obviously downregulated 

the expressions of RNF20 and H2BK120ub in LX-2 cells 
(Fig. 2d). Taken together, in vitro model of liver fibrosis was 
successfully established.

Overexpression of RNF20 significantly inhibited 
TGF‑β‑induced fibrosis in LX‑2 cells via mediation 
of H2BK120ub

To investigate the function of RNF20 in liver fibrosis, 
LX-2 cells were transfected with pcDNA3.1-RNF20, and 
then RT-qPCR was performed. The data indicated that the 
expression of RNF20 in LX-2 cells was significantly upregu-
lated by RNF20 OE (Fig. 3a). In addition, TGF-β notably 
enhanced the viability of LX-2 cells, while this phenom-
enon was partially reversed in the presence of pcDNA3.1-
RNF20 (Fig. 3b). Consistently, TGF-β-induced increase of 
cell migration was significantly inhibited by RNF20 over-
expression (Fig. 3c). Moreover, the protein expressions of 
α-SMA and collagen I in LX-2 cells were notably increased 
by TGF-β, while the effect of TGF-β on these two proteins 
was reversed by pcDNA3.1-RNF20 (Fig. 3d). In contrast, 
TGF-β-induced inactivation of H2BK120ub and RNF20 in 
LX-2 cells was notably reversed by RNF20 overexpression 
(Fig. 3d). Altogether, overexpression of RNF20 significantly 
inhibited TGF-β-induced fibrosis in LX-2 cells via mediation 
of H2BK120ub.

Expression profiles of genes associated 
with RNF20‑meidated liver fibrosis

To analyze the differentially expressed genes in RNF20-
mediated liver fibrosis, a bioinformatics analysis of LX-2, 
TGF-β-treated LX-2 cells and RNF20 and TGF-β co-treated 
LX-2 cells was performed. The data were presented using 
cluster analysis and a volcano plot (Fig. 4a and b). Among 
the differentially expressed genes, 386 were upregulated and 
139 were downregulated by TGF-β, compared with control 
(Fig. 4c). On the other hand, 4237 genes were upregu-
lated and 2937 were downregulated by RNF20, compared 
with TGF-β alone (Fig. 4c). The overlapped differentially 
expressed genes among LX-2 cells, TGF-β-treated LX-2 
cells and RNF20 and TGF-β co-treated LX-2 cells were 
presented in Fig. 5a–c.

Next, Gene Ontology (GO) and pathway analyses were 
performed. As shown in Fig. 5d, the most common biologi-
cal process among the overlapped genes was positive regu-
lation of cell population proliferation, cytokine-mediated 
signaling pathway and negative regulation of apoptotic pro-
cess. Pathway analysis revealed that the overlapped genes 
were associated with the mitogen-activated protein kinase 
(MAPK), TNF and NF-κB pathways (Fig. 5d). Meanwhile, 
among these three signaling pathways, TNF-α, IL-6 and 
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VEGFA were closely correlated with the progression of liver 
fibrosis [19, 20]. Thus, these three cytokines were detected 
in following experiments.

Overexpression of RNF20 inhibited TGF‑β‑induced 
fibrosis in LX‑2 cells via inactivation of IL‑6, TNF‑α 
and VEGFA

To investigate the mechanism by which RNF20 mediates 
the fibrosis, RT-qPCR was used. As revealed in Fig. 6a–c, 
TGF-β-induced increase of IL-6, TNF-α and VEGFA in 
LX-2 cells was significantly reversed by RNF20 overexpres-
sion. Therefore, overexpression of RNF20 inhibited TGF-
β-induced fibrosis in LX-2 cells via inactivation of IL-6, 
TNF-α and VEGFA.

Fig. 1   RNF20 and H2BK120ub were downregulated in S4 phase liver 
fibrosis tissues. a The expressions of RNF20, H2B and H2BK120ub 
in liver tissues of patients were detected by western blot. b The rela-
tive expressions of RNF20 and H2BK120ub were quantified by 
normalizing to GAPDH and H2B, respectively. c, d The expression 
of PPARγ in liver tissues of patients was detected by western blot. 

The relative expression of PPARγ was quantified by normalizing to 
GAPDH. e The expression of H2BK120ub in tissues of patients was 
detected by IHC staining. Red arrows indicate the positive hepatic 
stellate cells. f The percentage of H2BK120ub area was calculated. 
*P < 0.05, **P < 0.01 compared to control

Table 2   The statistical analysis of age/sex correlation

S1-S2 (n = 10) S3-S4 (n = 10) P value

Age (≥ 40/ < 40) 5/5 9/1 0.0510
Gender (male/female) 8/2 7/3 0.6056
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RNF20 overexpression‑induced inhibition of fibrosis 
was reversed by pcDNA3.1‑H2BK120R

To further confirm the correlation between RNF20 
and H2BK120ub, LX-2 cells were overexpressed with 
H2BK120R (H2B ubiquitination blocker), and then 
CCK8 assay was performed. As shown in Fig. 7a, TGF-β-
induced increase of cell viability was significantly inhib-
ited by RNF20 overexpression, while the effect of RNF20 
overexpression was partially reversed by H2BK120R 
overexpression. Moreover, overexpression of H2BK120R 
partially reversed AAVRNF20-induced inactivation of 
VEGFA, IL-6 and TNF-α in TGF-β-treated LX-2 cells 

(Fig. 7b–d). Consistently, overexpression of RNF20 sig-
nificantly inhibited TGF-β-induced upregulation of colla-
gen I and α-SMA, while this phenomenon was reversed by 
H2BK120R (Fig. 7e). In contrast, TGF-β-induced inacti-
vation of H2BK120ub, RNF20 and PPARγ was reversed 
in the presence of AAV-RNF20, and the effect of RNF20 
overexpression on H2BK120ub and PPARγ was partially 
reversed by H2BK120R overexpression (Fig. 7e). Mean-
while, upregulation of H2BK120R had very limited effect 
on RNF20 expression (Fig. 7e). In summary, RNF20 over-
expression-induced inhibition of fibrosis was reversed by 
H2BK120R overexpression.

Fig. 2   In vitro model of liver fibrosis was successfully established. 
LX-2 cells were treated with 5  ng/ml TGF-β. Then, a the viability 
of LX-2 cells was measured by CCK-8 assay. b Cell migration was 
detected by wound healing assay. c The protein expressions of col-
lagen I and α-SMA in LX-2 cells were detected by western blot. The 

relative expressions were quantified by normalizing to GAPDH. d 
The protein expressions of RNF20, H2B and H2BK120ub in LX-2 
cells were detected by western blot. The relative expressions of 
RNF20 and H2BK120UB were quantified by normalizing to GAPDH 
and H2B, respectively. *P < 0.05, **P < 0.01 compared to control
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Fig. 3   Overexpression of RNF20 significantly inhibited TGF-β-
induced fibrosis in LX-2 cells via mediation of H2BK120ub. a LX-2 
cells were transfected with pcDNA3.1 or pcDNA3.1-RNF20. Then, 
efficiency of cell transfection was investigated by RT-qPCR. b The 
viability of LX-2 cells was measured by CCK-8 assay. c Cell migra-

tion was tested by wound healing assay. d The protein expressions 
of collagen I, α-SMA, RNF20 and H2BK120ub in LX-2 cells were 
detected by western blot. The relative expressions were quantified 
by normalizing to GAPDH or H2B. **P < 0.01 compared to control. 
##P < 0.01 compared to TGF-β

Fig. 4   Expression profiles of genes related with RNF20-meidiated 
liver fibrosis. a The differentially expressed genes between control 
and TGF-β were presented by Volcano plot and heat map. b The dif-
ferentially expressed genes between TGF-β and TGF-β plus RNF20 

were presented by Volcano and heat map. c Number of differentially 
expressed genes between control and TGF-β, as well as TGF-β and 
TGF-β + RNF20 was calculated
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Overexpression of RNF20 significantly alleviated 
the symptom of liver fibrosis in vivo

To investigate the function of RNF20 in liver fibrosis, 
in vivo model of liver fibrosis was established. As dem-
onstrated in Fig. 8a, CCl4 significantly induced inflam-
matory infiltration in tissues of mice in a time-dependent 

manner, while this phenomenon was reversed by overex-
pression of RNF20. In addition, CCl4-induced increase of 
collagen volume infraction was reversed by AAV-RNF20 
(Fig. 8b). Meanwhile, the expression of α-SMA in tissues 
of mice was significantly increased by CCl4 (Fig. 8c). In 
contrast, CCl4 significantly decreased the expression of 
H2BK120ub in mice (Fig. 8d). Furthermore, the effect 

Fig. 5   The data of Go and KEGG analysis were presented. a, b, c 
Among 328 overlapped differentially expressed genes, 60 genes were 
down-regulated in TGF-β group and up-regulated in TGF-β + RNF20, 

198 genes were up-regulated in TGF-β group and down-regulated in 
TGF-β + RNF20. d GO and KEGG analysis were performed to iden-
tify the genes associated with RNF20-mediated liver fibrosis

Fig. 6   Overexpression of RNF20 inhibited TGF-β-induced fibrosis 
in LX-2 cells via inactivation of IL-6, TNF-α and VEGFA. a The 
expression of IL-6 in LX-2 cells was detected by RT-qPCR. b The 
expression of TNF-α in LX-2 cells was detected by RT-qPCR. c 

The expression of VEGFA in LX-2 cells was detected by RT-qPCR. 
**P < 0.01 compared to control. #P < 0.01, ##P < 0.01 compared to 
TGF-β
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of CCl4 on these two proteins was significantly inhib-
ited by overexpression of RNF20 (Fig. 8c and d). Taken 
together, overexpression of RNF20 significantly allevi-
ated the symptom of liver fibrosis in vivo.

Overexpression of RNF20 attenuated 
the progression of liver fibrosis in vivo 
through mediation of H2BK120ub

Finally, to detect the protein expressions, western blot was 
performed. As revealed in Fig. 9a–c, CCl4-induced decrease 
of RNF20 and H2BK120ub in tissues of mice was reversed 
by overexpression of RNF20. In contrast, the expressions 

of α-SMA and collagen I in mice were significantly upreg-
ulated by CCl4, while this phenomenon was reversed by 
RNF20 overexpression (Fig. 9a, d and e). Furthermore, 
CCl4-induced inactivation of PPARγ in mice was reversed 
by RNF20 overexpression (Fig. 9f and g). Altogether, over-
expression of RNF20 attenuated the progression of liver 
fibrosis in vivo through mediation of H2BK120ub.

Fig. 7   RNF20 overexpression-induced inhibition of fibrosis was 
reversed by pcDNA3.1-H2BK120R. LX-2 cells were treated with 
TGF-β, TGF-β + vector, TGF-β + RNF20 OE, TGF-β + RNF20 
OE + H2BK120R OE or TGF-β + RNF20 OE + H2BWT OE. a The 
viability of LX-2 cells was tested by CCK8 assay. b–d The levels of 
IL-6, VEGFA and TNF-α in LX-2 cells were detected by RT-qPCR. 
e The protein levels of H2BK120ub, H2BK, collagen I, α-SMA, 

RNF20 and PPARγ in LX-2 cells were detected by western blot. 
The relative expressions of collagen I, α-SMA, RNF20 and PPARγ 
were quantified by normalizing to GAPDH. The relative level of 
H2BK120ub was quantified by normalizing to H2B. **P < 0.01 com-
pared to control. ##P < 0.01 compared to TGF-β. ^^P < 0.01 compared 
to TGF-β + RNF20 OE
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Fig. 8   Overexpression of RNF20 significantly alleviated the symptom 
of liver fibrosis in vivo. a The pathological analysis in liver tissues of 
mice was detected by HE staining. b The symptom of liver fibrosis 
was detected by Masson staining. The area of collagen volume frac-

tion was calculated. c, d The expressions of α-SMA and H2BK120ub 
in tissues of mice were detected by IHC staining. Red arrows indicate 
the positive hepatic stellate cells. **P < 0.01 compared to control. 
##P < 0.01 compared to CCl4

Fig. 9   Overexpression of RNF20 attenuated the progression of liver 
fibrosis in  vivo through mediation of H2BK120ub. a The protein 
expressions of H2B, H2BK120ub, RNF20, α-SMA and collagen I in 
tissues of mice were detected by western blot. b The relative expres-
sion of RNF20 was quantified by normalizing to GAPDH. c The rela-
tive expression of H2B was quantified by normalizing to GAPDH. d 

The relative expression of collagen I was quantified by normalizing 
to GAPDH. e The relative expression of α-SMA was quantified by 
normalizing to GAPDH. f, g The protein level of PPARγ in tissues of 
mice was detected by western blot. The relative expression was quan-
tified by normalizing to GAPDH. **P < 0.01 compared to control. 
#P < 0.01 compared to CCl4
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Discussion

In the current study, RNF20 inhibited the progression of 
liver fibrosis in vitro and in vivo via H2B ubiquitination. It 
has been proved that RNF20 could mediate the ubiquitina-
tion of H2B [5, 9]. Our data further confirmed the function 
of RNF20. In addition, this study firstly revealed the effect 
of RNF20 overexpression on progression of liver fibrosis, 
suggesting RNF20 may act as an inhibitor in liver fibrosis.

Mammalian RNF20/RNF40 complexes function simi-
larly to their yeast homology Bre1 as ubiquitin ligases in 
monoubiquitination of Lys-120 of histone H2B [21]. Cells 
lacking RNF20 or expressing H2BK120R, which lead to a 
lack of ubiquitin conjugation sites, showed a dramatically 
reduced level of ubiquitylation [22]. Moreover, dysregula-
tion of RNF20 upregulated or downregulated the level of 
H2Bub in humans [23] and mice [24]. In our study, the 
data revealed that the level of H2BK120ub is positively 
correlated RNF20. It suggested a key role for RNF20 and 
H2Bub in the regulation of liver tissue repairs.

Our finding revealed that TNF-α, IL-6 and VEGFA 
were key cytokines in RNF20-mediated liver fibrosis pro-
gression. TNF-α and IL-6 are two inflammatory media-
tors which are involved in liver fibrosis progression [19, 
20]. VEGFA has been reported to be a key modulator in 
angiogenesis, which is known to mediate the development 
of liver fibrosis [25]. Our research was consistent to this 
previous research, firstly indicating the relation between 
RNF20 and these three cytokines in liver fibrosis. Mean-
while, RNF20 could inhibit the tumorigenesis via media-
tion of p53 [10]. P53 is a cell cycle-related protein which 
plays a crucial role in cancer cell growth [26], while IL-6 
and TNF-α are inflammatory mediators. Therefore, differ-
ent type of diseases may result in this difference.

RNF20 overexpression exhibited significantly anti-
fibrotic effect via inactivation of α-SMA and collagenI. A 
previous research indicated that α-SMA is a key mediator 
in fibrosis [27]. Moreover, collagen I has been regarded 
to be upregulated during the progression of fibrosis [28]. 
Consistent to these previous researches, overexpression 
of RNF20 could attenuate the development of liver fibro-
sis via inhibition of α-SMA and collagen I in vitro and 
in vivo. Additionally, α-SMA played a key role in EMT 
process [29]. The data were similar to the recent report, 
suggesting that RNF20 overexpression may act as an EMT 
process inhibitor.

Frankly speaking, there are some limitations in this 
study. Firstly, the correlation between H2BK120ub and 
fibrotic proteins (α-SMA and collagen I) is unclear yet. 
In addition, a causal correlation between RNF20 and 
H2BK120ub in liver fibrosis needs to be further confirmed. 
Therefore, more investigations are needed in the future.

In conclusion, overexpression of RNF20 inhibited the 
progression of liver fibrosis via mediation of H2BK120ub. 
Thus, RNF20 might serve as a new target for the treatment 
of liver fibrosis.
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