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ABSTRACT

Osteosarcoma (OS) is still the most common malignant bone tumor whose etiology remains
largely unclear. Here, we aimed to investigate the role of a novel E3 ubiquitin ligase RING finger
gene 180 (RNF180) in OS progression. RNF180 was significantly down-regulated in both OS tissues
and cell lines. We up-regulated RNF180 using over-expression vector and knocked down RNF180
using specific short hairpin RNAs in OS cell lines. RNF180 over-expression inhibited the viability
and proliferation yet promoted apoptosis in OS cells, while RNF180 knockdown showed the
opposite effects. RNF180 also suppressed tumor growth and lung metastasis in mouse model,
accompanied with elevated E-cadherin level and decreased ki-67 level. Besides, chromobox
homolog 4 (CBX4) was predicted as a substrate of RNF180. RNF180 and CBX4 were both localized
mainly in nucleus and their interaction was validated. RNF180 aggravated the decline of CBX4
level after cycloheximide treatment. RNF180 also promoted the ubiquitination of CBX4 in OS cells.
Furthermore, CBX4 was significantly up-regulated in OS tissues. RNF180 also up-regulated Kruppel
like factor 6 (KLF6) yet down-regulated RUNX family transcription factor 2 (Runx2) in OS, which
served as downstream targets of CBX4. In addition, RNF180 inhibited migration, invasion and
epithelial-mesenchymal transition (EMT) in OS cells, which were partially abolished by CBX4 over-
expression. In conclusion, our findings demonstrated that RNF180 inhibits OS development via
regulating CBX4 ubiquitination, and RNF180-CBX4 axis is a potential therapeutic target for OS
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treatment.

Introduction

Osteosarcoma (OS) remains the most frequent
primary malignant bone tumor with an overall
incidence of 2-3 million/year. OS mainly origi-
nates from long bones including distal femur,
proximal tibia, and humerus [1]. Children, adoles-
cents, and young adults are most vulnerable to OS
with a probable cause of pubertal growth spurt.
Radiation and alkylating agents exposure are also
risk factors for OS development [1,2]. Persistent
pain and localized swelling are major symptoms of
OS which seriously affects the normal life of OS
patients. Although the overall five-year survival for
localized OS has reached 78% owing to the com-
bination of surgical resection, radiation, and
multi-agent chemotherapy, survival rate for
patients with metastasis or relapse remains only
20% [2-4]. Therefore, a deeper understanding of
the underlying mechanisms and exploring new

therapeutic targets are of great significance for
improving current OS treatment strategy.

RING finger gene 180 (RNF180), also known as
Rines, is a novel E3 ubiquitin ligase containing
a RING finger domain for ubiquitin ligase activity
and a basic coiled-coil domain [5]. E3 ubiquitin
ligases play a vital role in the determination of
ubiqutin-mediated protein degradation, and are
further involved in physiological processes includ-
ing DNA repair, cell proliferation and differentia-
tion [6,7]. Increasing evidence demonstrated that
RNF180 is aberrantly expressed in a variety of
human cancers including gastric cancer, lung can-
cer, and colorectal cancer, and high-level methyla-
tion of RNF180 promoter predicts metastasis and
poor survival [8-11]. However, the role that
RNF180 plays in tumorigenesis and development
of OS remains undisclosed. Expression level of
RNF180 is significantly down-regulated and its
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promoter methylation level is elevated in sarcoma
tissues according to UALCAN online database
(http://ualcan.path.uab.edu/index.html), indicating
that RNF180 might be implicated in OS develop-
ment [12]. Chromobox homolog 4 (CBX4) is
a member of CBX protein family which acts as
a both tumor repressor and oncogene in human
cancers [13,14]. CBX4 is significantly up-regulated
in sarcoma tissues and is predicted to be
a downstream target of RNF180 on Ubibrowser
database (http://ubibrowser.ncpsb.org.cn).
Besides, CBX4 exerts oncogenic effect on OS pro-
gression and promotes metastasis via targeting
downstream Kruppel like factor 6 (KLF6) in clear
cell renal cell carcinoma and RUNX family tran-
scription factor 2 (Runx2) in OS [15-17]. KLF6
was studied to be downregulated in OS and could
hinder OS cell proliferation and invasion [18,19],
while Runx2 is highly expressed in OS cells and
related to bone development [20,21].

Here in this study, we detected the expression of
RNF180 in OS, and investigated the effect of
RNF180 on proliferation, migration, and invasion
of OS. We also validated the interaction between
RNF180 and CBX4, and explored their combined
effects on OS development.

Materials and methods
Clinical tissues and cells

72 pairs of OS and adjacent normal tissues were
obtained after surgery with consent of all patients.
Sample collection and subsequent quantitative real-
time PCR and immunohistochemistry assay were
carried out following the Declaration of Helsinki
and approved by the First Clinical Hospital affiliated
to Harbin Medical University. HEK293T cells, human
osteoblast cell line hFOB 1.19, and four OS cell lines
(MnnG/HOS, Saos-2, MG-63, and U20S) were pur-
chased from Procell (China). Cells were transfected
with plasmids or short haipin RNAs (shRNAs) using
lipofectamine2000 (Thermofisher Scientific, USA)
according to the instruction of manufactures. Stable
transfected cells were selected by resistance to neomy-
cin. RNF180 was inserted into pcDNA3.1 plasmid
between BamH I and Xho I for over-expression; for
subsequent animal experiment, EGFP-tag was added
for in vivo imaging. CBX4 was inserted into

CELL CYCLE (&) 1247

pcDNA3.1 between BamH I and Xba I. shRNAs for
RNF180 (shl: 5-GCATTAATCAGAGGCTTAA-3;
sh2: 5- GGATGGATTACCTGCACTT-3') were
directly synthesized by Genepharma (China).

Quantitative real-time PCR

Total RNA in OS/normal adjacent tissues (n =72)
and OS/osteoblast cell lines was extracted using
TRIZOL lysis buffer (Thermofisher Scientific,
USA), and reversely transcribed into cDNA using
SuperScript 1I Reverse Transcriptase
(Thermofisher Scientific, USA). Relative RNA
levels of RNF180 and CBX4 were then quantified
using Maxima SYBR Green/ROX (Thermofisher
Scientific, USA) and data was analyzed utilizing
2-"" method. Primers for real-time PCR are listed
in Table 1.

Methylation-specific PCR

For Methylation-specific PCR (MSP), total geno-
mic DNA in tissues and cell lines was extracted
using GeneJET Genomic DNA Purification Kit
(Thermofisher Scientific, USA). Then genomic
DNA was treated with bisulfite to analyze methy-
lation level using DNA Methylation-Gold kit
(ZYMO RESEARCH, USA), followed by subse-
quent PCR detection. Primers used in MSP are
listed in Table 2.

Western blotting

Total protein in OS tissues (n=5) and cell lines
was extracted using RIPA lysis buffer
(Thermofisher Scientific, USA), followed by quan-
tification using BCA protein assay kit (Abcam,
UK). Then total protein was fractionated by
sodium dodecyl sulfate polyacrylamide gel electro-
phoresis and transferred onto PVDF membranes
(ThermoFisher Scientific). The membranes were

Table 1. Primers for real-time PCR.

Primers

Forward: 5-TCTGACTTTCCTGATGGACCTG-3'
Reverse: 5'-CCTGAGTATTTACCCTGCTTCTGT-3'
CBX4 Forward:5'-GCAGAGTGGAGTATCTGGTGA-3’
Reverse: 5-AGCTTGGCACGGTTGTCAG-3'
Forward: 5-CAGCCTCAAGATCATCAGCA-3'
Reverse: 5-TGTGGTCATGAGTCCTTCCA-3'

Target
RNF180

GAPDH
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Table 2. Primers used in MSP.

Target

Primers

RNF180-methylated

Forward: 5-TTTGCGCGGGGTTAAAGTTC-3

Reverse: 5-CGATACCGATTCGACGAAACG-3’

RNF180-Unmethylated

Forward: 5-TGTTTGTTTGTGTGGGGTTAAAGTTT-3

Reverse: 5-CAACAACAATACCAATTCAACAAAACA-3’

then sealed with 5% milk powder and incubated
with diluted primary antibodies overnight at 4°C
as  follow: rabbit anti-RNF180  (1:1000,
Thermofisher Scientific, USA), mouse anti-CBX4
(1:1000, Thermofisher Scientific, USA), mouse
anti-KLF6 (1:1000, Thermofisher Scientific, USA),
rabbit  anti-Runx2  (1:2000,  Thermofisher
Scientific, USA), and mouse anti-GAPDH
(1:2000, Thermofisher Scientific, USA). The mem-
branes were rinsed using TBS buffer for three
times and incubated with HRP-conjugated goat
anti-mouse/rabbit secondary antibody (1:10000,
Thermofisher Scientific, USA) for 1 hour at room
temperature. Target proteins were visualized using
Enhanced chemiluminescence (ECL) reagents
(Beyotime, China), and analyzed using Gel-Pro-
Analyzer (Media Cybernetics, USA).

Immunohistochemistry

Paraffin-embedded OS tissues were subjected to
de-waxing and rehydrating, and boiled with 10
mM sodium citrate buffer for 10 minutes. Then
tissue sections were treated with 3% H,O,, and
incubated with primary antibodies at 4°C over-
night, followed by incubation with HRP conju-
gated Goat anti-Rabbit secondary antibody.
Afterwards, tissue sections were stained with
DAB substrate (Solarbio, China) for five minutes
and observed under a microscope (200x, Olympus,
Japan). Primary antibodies used were as follow:
Rabbit anti-RNF180, Rabbit anti-CBX4, Rabbit
anti-E-cadherin, Rabbit anti-N-cadherin, Rabbit
anti-Ki67 (1:200, Thermofisher Scientific, USA).

Cell counting kit-8 (CCK-8) assay

U20S and Saos-2 cells were cultured on a 96-well
plate after transfection, and cultured with 10 pL
CCK-8 solution (Beyotime, China) for an hour.
Then optical density at 450 nm was recorded at
Oh, 24h, 48h, 72 h, and 96 h after treatment.

Clone formation assay

U20S and Saos-2 cells at logarithmic phase were
seeded onto 6-well plates. After transfection with
plasmids or shRNAs, cells were cultured for 15
d until colonies were visible. Then cells were
fixed with 4% paraformaldehyde for 15 minutes
and stained with GIMSA for 30 minutes, followed
by cell colonies counting (>50 cells).

5-Ethynyl-2’-deoxyuridine (Edu) staining

Edu-staining was performed using EdU Cell
Proliferation Kit (Beyotime, China). In brief, U20S
and Saos-2 cells were incubated with 10 uM Edu for
2hours, fixed with 4% paraformaldehyde for 15
minutes and permeated with 0.3% Triton X-100
for 5 minutes. After staining with DAPI, cell slides
were sealed with anti-quenching reagent and typical
images were captured under a microscope (200x).

6-TdT-mediated dUTP Nick-End Labeling (TUNEL)
staining

U20S and Saos-2 cells were fixed using 4% paraf-
ormaldehyde for 30 minutes, washed with PBS buf-
fer and permeated using 0.3% Triton X-100 for 5
minutes. Then cells were stained using one-step
TUNEL Apoptosis Assay Kit (Beyotime, China)
according to instructions, followed by staining with
DAPI for 5minutes. Afterwards, cell slides were
blocked using anti-quenching reagent and observed
under a microscope at 200 xmagnification.

Wound healing and Transwell assay

For wound healing assay, U20S and Saos-2 cells
were seeded onto 6-well plates and cultured to
confluence. A straight cell scratch was made
using a 200 uL pipette tip and typical images
were captured at O h and 24 h scratch. For trans-
well assay, cells were seeded on the upper layer
inserted with Matrigel, and cultured with serum-



free medium for 48 h. Medium containing 20%
fetal bovine serum was added onto lower chamber.
Cells migrated to lower chamber were stained with
0.1% crystal violet for 10 minutes and counted
under a microscope.

Immunofluorescence assay

The intracellular expression of E-cadherin and
N-cadherin expression, co-localization of RNF180
and CBX4 were detected using
Immunofluorescence assay. Similar to TUNEL
assay, cells were fixed with 4% paraformaldehyde
and permeated using 0.3% Triton X-100 for 5
minutes, followed by blockade using goat serum
for 30 minutes. Then cells were incubated with
primary antibodies overnight at 4°C: mouse anti-
E-cadherin, mouse anti-N-cadherin, rabbit anti-
Myc or mouse anti-Flag (1:500, Abcam, UK).
Afterwards, cells were rinsed and incubated with
secondary antibodies for an hour away from light:
Goat anti-Rabbit 1gG Alexa Flour 488, Goat anti-
mouse 1gG Alexa Flour 488, Goat anti-mouse IgG
Alexa Flour 594 (1:500, Abcam, UK). Then cells
were sealed with anti-quenching reagent and
observed under a microscope.

Co-immunoprecipitation assay (Co-IP)

HEK293T cells were co-transfected with flag
tagged RNF180 and myc tagged CBX4 for 36
hours. Afterwards, cells were lysed using Pierce™
IP buffer (Thermofisher Scientific, USA) supple-
mented with protease inhibitor, followed by incu-
bation with rabbit anti-Myc (1:100, Abcam, UK)
or mouse anti-Flag (1:100, Abcam, UK) for four
hours at 4°C. Then the tag-antibody complex was
incubated with Protein A agarose beads (Cell sig-
naling technology, USA) for another four hours,
followed by subsequent western blotting detection
using anti-Fag and anti-Myc primary antibody.
For ubiquitin level detection, U20S and Saos-2
cells were transfected with Flag-RNF180, Myc-
CBX4, and Rabbit anti-HA (1:100, Abcam, UK),
followed by western blotting detection using anti-
Myc. For ubiquitination of CBX4 detection, cells
were treated with 10uM MG132 for an hour
before Co-IP.
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Xenograft tumor assay and in vivo imaging

Healthy 6-week-old balb/c node mice were pur-
chased from Guangdong medical animal center
(China) and housed in a 12h day/night cycle
chamber for a week. Mice were randomly
divided into four groups and injected with OS
cells via tail vein (3 x 10 [5] cells every mouse):
RNF180 over-expressed U20S, RNF180 over-
expressed Saos-2 cells, U20S cells transfected
with vector and Saos-2 cells transfected with
vector. Tumor metastasis was observed using
an in vivo imaging system (PerkinElmer, USA)
every week for three weeks. Then mice were
euthanized by intraperitoneal injection of barbi-
tal sodium (200 mg/kg), tumor weight was
recorded and tumors were subjected to subse-
quent hematoxylin-eosin staining. All animal
experiments were performed following the
guide for the care and use of laboratory animals
and approved by the First Clinical Hospital
affiliated to Harbin Medical University.

Hematoxylin-eosin (H&E) staining

Lung tissues of mice were paraffin embedded and
sliced into 5 pm sections, followed by deparaffinat-
ing and dehydrating. Then tissue sections were
stained with hematoxylin (Solarbio, China) for
15 minutes, and stained with eosin (Solarbio,
China) for 2 minutes after washing. Tissue sections
were then washed and subjected to dehydrating
and sealing with neutral balsam, lung metastasis
nodules were counted under a microscope at 200x
magnification.

Statistical analysis

All experiments were repeated for more than three
times and data were presented as means + stan-
dard deviation. Data analysis was performed
using Graphpad Prism 8.0, differences were com-
pared using unpaired t-test (between two groups)
or one-way ANOVA (three or more groups). Two-
way ANOVA was used to analyze results from
CBX expression after cycloheximide treatment,
CCK-8 assay, and tumor volume. P<0.05 was
considered to have a statistical significance.
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Results

RNF180 displays lower expression and promoter
hypermethylation in OS

First of all, we analyzed RNF180 expression and
promoter methylation in sarcoma on UALCAN
database (http://ualcan.path.uab.edu/) based on
race, gender, age, and TP53 mutation status.
Generally, RNF180 expression level was signifi-
cantly down-regulated in sarcoma tissues while
promoter methylation level was obviously elevated
(Figure 1a). Then 72 pairs of OS and adjacent
normal tissues were collected, the RNA level of
RNF180 was significantly down-regulated in OS
tissues compared to normal control (Figure 1b).
Further western blotting and IHC assays showed
that the protein level of RNF180 is obviously lower
in OS tissues in contrast with normal tissues
(Figure 1c,d). Besides, MSP was used to detect
promoter methylation on RNF180, unmethylated

Experssion of RNF180 in SARC Experssion of RNF180 in SARC

Experssion of RNF180 in SARC

bands were observed in all normal tissues, and two
tissues displayed methylated bands. On the con-
trary, methylated bands were detected in all OS
tissues and unmethylated bands were nearly unde-
tectable (Figure le,f). Similarly, methylation was
observed in OS cell lines yet undetectable in nor-
mal human osteoblast cell (Figure 1g). These
results indicated that RNF180 displayed lower
expression and higher promoter methylation level
in OS tissues.

RNF180 inhibits OS cell proliferation in vitro

Four OS cell lines showed significantly lower
RNF180 protein level compared to hFOBI.19
cells, among which U20S and Saos-2 cells dis-
played medium RNF180 level and were chosen
for subsequent over-expression and knockdown
assays (Figure 2a). RNF180 level was significantly
elevated after pcDNA3.1-RNF180 transfection and
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Figure 1. rnf180 displays lower expression and promoter hypermethylation in OS. (a) The expression and promoter methylation level
of RNF180 in sarcoma tissues based on race, gender and TP53 mutation status were available on UALCAN database. (b) the RNF180
mRNA level in OS and adjacent normal tissues was measured using quantitative real-time PCR (n =72). (¢, d) the protein level of
RNF180 in OS and adjacent normal tissues was detected by western blotting and immunohistochemistry (bar =200 um, 100 pm)
assays. (e, f) Methylation-specific PCR was used to evaluate methylation level in OS tissues (n=5) and cell lines. (g) Methylation-
specific PCR was used to evaluate methylation level in human osteoblast cells (hFOB1.19) and OS cells (MnnG/HOS, Saos-2, MG-63,
and U20S). 0S: osteosarcoma; RNF180: Ring Finger Protein 180; *p < 0.05, **p < 0.01, ***p < 0.001.
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knocked down after shRNF180 transfection in
U20S and Saos-2 cells (Figure 2b). CCK-8 assay
showed that cell viability was enhanced after
RNF180 knockdown yet suppressed after RNF180
over-expression in U20S and Saos-2 cells
(Figure 2c). Further clone forming assay showed
that cell colony number was reduced in
pcDNA3.1-RNF180 group yet significantly
increased in shRNF180 group (Figure 2d).
Similarly, Edu staining assay showed that Edu
positive cells were decreased after RNF180 over-
expression but increased after RNF180 knockdown
(Figure 2e). TUNEL staining assay showed that
Tunel positive cells were increased after RNF180
over-expression yet reduced after RNF180 knock-
down (Figure 2e). All these results indicated that
RNF180 over-expression inhibits OS cell prolifera-
tion in vitro.

RNF180 inhibits migration and invasion of OS
cells

The relative wound width of U20S and Saos-2 cells
was significantly larger after RNF180 over-expression
yet smaller after RNF180 knockdown (Figure 3a).
Transwell assay showed that the numbers of U20S
and Saos-2 cells on lower chamber were remarkably
decreased after RNF180 over-expression but
increased after RNF180 knockdown (Figure 3b).
Further immunofluorescence detection showed that
the expression of E-cadherin was up-regulated in two
OS cell lines after RNF180 over-expression but not
detectable after RNF180 knockdown. On the con-
trary, the protein level of N-cadherin was decreased
after RNF over-expression yet conspicuously elevated
after RNF180 knockdown (Figure 3c). These results
suggested that RNF180 inhibited migration and inva-
sion in OS cells.

RNF180 is a putative E3 ubiquitin enzyme of
CBX4

RNF180 was predicted as a candidate E3 ubiquitin
enzyme of CBX4 on Ubibrowser database
(Figure 4a). Immunofluorescence assay showed
that RNF180 and CBX4 both localized in nucleus
and cytoplasm in HEK293T cells, but in U20S
cells, CBX4 mainly localized in the nucleus while
RNF180 distributed in the whole cells (Figure 4b).
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Further Co-IP showed that Myc-CBX4 is observed
by western blotting after using Flag-RNF180 as
a bait for IP. Similarly, Flag-RNF180 is detectable
after using Myc-CBX4 as a bait for IP (Figure 4c).
U20S and Saos-2 cells were treated with cyclohex-
imide (CHX), and the decrease rate of CBX4 level
was significantly higher after RNF180 over-
expression compared with mock (Figure 4d).
After IP using HA-ubiquitination tag, the protein
level of Myc-CBX4 was obviously lower in
MycCBX4+Flag-RNF180 co-transfected group in
contrast with that in MycCBX4 group
(Figure 4e). These results indicated that RNF180
interacts with CBX4 and reduces CBX expression
in OS cells via ubiquitination.

RNF180 regulates KLF6 and Runx2 expression
through targeting CBX4

The mRNA level of CBX4 is significantly higher
in OS tissues compared with normal control
(Figure 5a). Further IHC assay showed that
CBX4 protein level is remarkably higher in OS
tissues in contrast with normal control
(Figure 5b). We further detected the CBX4
mRNA levels in U20S and Saos-2 cells with
overexpressed or silent RNF180, which however,
had no significant alteration (Figure 5c). Since
both KLF6 and Runx2 are two direct down-
stream targets of CBX4 and involved in OS pro-
gression, we also explored the KLF6 and Runx2
expression levels in OS cells with altered
RNF180. It was shown that the protein levels of
CBX4 and Runx2 in OS cells were significantly
down-regulated after RNF180 over-expression
yet up-regulated after RNF180 knockdown,
while the KLF6 level showed the opposite trend
(Figure 5d). Moreover, U20S and Saos-2 cells
were transfected with pcDNA3.1-RNF180 and
pcDNA3.1-CBX4, the protein levels of CBX4
and Runx2 were decreased after RNF180 over-
expression, while the effect was partially
reversed after pcDNA3.1-CBX4 co-transfection.
On the contrary, the KLF6 level was significantly
elevated yet the effect was partially abolished
after CBX4 over-expression (Figure 5e). These
results suggested that RNF180 regulated the
expression of KLF6 and Runx2 via targeting
CBX4.
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Figure 2. RNF180 inhibits OS cell proliferation in vitro. U20S and Saos-2 cells were transfected with vector,
pcDNA3.1-RNF180, scramble shRNA or RNF180 shRnas. (a) the RNF180 mRNA level in human osteoblast cell line hFOB
1.19 and four OS cell lines were measured using quantitative real-time PCR. (b) RNF180 protein level was detected using
western blotting. (c) Cell viability was evaluated using a commercial cell counting kit-8. (d, e) Cell proliferation was assessed
using clone forming assay and Edu staining (bar =100 pm). (f) Cell apoptosis was detected using Tunel staining (bar =100
pum). RNF180: Ring Finger Protein 180; Edu: Ethynyl-2"-deoxyuridine; Tunel: TdT-mediated dUTP Nick-End Labeling; *p < 0.05,
**p < 0.01, ***p < 0.001.
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ability was assessed by Transwell assay (bar=100 pm). (c) the expression of E-cadherin and N-cadherin was detected using
immunofluorescence assay (bar =20 um). RNF180: Ring Finger Protein 180; *p < 0.05, **p < 0.01, ***p < 0.001.

RNF180 inhibits proliferation, migration and
invasion in OS cells by targeting CBX4

The U20S cell viability was significantly inhibited
after RNF180 over-expression yet the effect was
reversed by further CBX4 over-expression
(Figure 6a). Similarly, the cell colony number
was decreased in RNF180 group yet increased in
CBX4 group, and both effects were partially abol-
ished after RNF180-CBX4 co-transfection
(Figure 6b,c). Tunel positive cells were signifi-
cantly increased after RNF180 over-expression
yet decreased in CBX4 over-expression, and the
effects were abrogated after RNF180-CBX4 co-
transfection (Figure 6d,e). The migration and
inhibited by RNF180 over-
expression yet the effects were relieved after
RNF180-CBX4 co-transfection (Figure 6f,g,h and
i). The protein level of E-cadherin was elevated by
RNF180 yet reduced by CBX4, which were par-
tially abolished in RNF180+CBX4 group. The
N-cadherin protein level showed the opposite
trends (Figure 6j). All these results suggested
that RNF180 suppresses proliferation, migration,
and invasion in OS cells through down-regulating
CBX4.

invasion were

RNF180 inhibits OS tumor growth in mouse
model

We established an OS xenograft model in mice.
Tumor volume and tumor weight were significantly

smaller after RNF180 over-expression (Figure 7a,b
and c). IHC assay showed that the protein levels of
RNF180 and E-cadherin were remarkably elevated
after RNF180 over-expression, yet the Ki67 and
CBX4 protein levels were decreased (Figure 7d).
In vivo imaging showed that fluorescence signal
was observed in lung, limbs, and head after OS
cell implantation in vector group, yet signal was
weaker in RNF180 group, and mainly observed in
lung and head (Figure 7e). Further H&E staining
showed that lung metastatic nodes were obviously
less in RNF180 group compared with control
(Figure 7f). These results indicated that RNF180
inhibits tumor growth and metastasis in OS.

Discussion

The enigmatic molecular mechanism of OS devel-
opment contributes to its unsatisfactory prognosis.
Here we investigated the influences of RNF180 on
OS progression. The role of RNF180 is well
demonstrated in gastric cancer according to pre-
vious researches. RNF180 is significantly down-
regulated in gastric cancer owing to the hyper-
methylation of CpG sites in RNF180 promoter,
which further predicts poor survival of gastric
cancer patients [22,23]. RNF180 knockdown by
in vitro methylation promotes cell growth and
suppresses cell apoptosis in gastric cancer, lower
RNF180 expression is also correlated with
advanced TNM stages and cisplatin resistance,
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homolog 4; CHX: cycloheximide. *p < 0.05, **p < 0.01, ***p < 0.001.

indicating that RNF180 acts as a tumor suppressor
in gastric cancer [8,24]. RNF180 also acts as an
independent predictor for survival of non-small
cell lung cancer patients [9]. In this study, we
first found that RNF180 was significantly down-
regulated in OS tissues at both mRNA and protein
levels, which was consistent with TCGA database
[12]. RNF180 was methylated in both OS tissues
and cell lines detected by MSP, indicating that
hypermethylation of RNF180 contributed to its
weak expression in OS. We further explored the
impacts of RNF180 on OS developments using
both gain of function and loss of function assays.
RNF180 overexpression in OS cell lines inhibited
cell viability and proliferation yet promoted cell
apoptosis. RNF180 silencing by shRNA, on the

contrary, promoted cell proliferation yet

suppressed apoptosis, indicating that RNF180
inhibits cell growth in OS. Besides, RNF180 over-
expression inhibited migration, invasion, and
epithelial-mesenchymal transition (EMT), while
RNF180 knockdown showed the opposite effects.
We also validated the anti-tumor effect of RNF180
using in vivo assays. We established a xenograft
tumor model by injecting OS cells, and smaller
tumor size and lower tumor weight were observed
in RNF180 over-expression group. Lower Ki67
level and higher E-cadherin level were observed
after RNF180 over-expression in resected tumor
tissues. In addition, lung metastasis account for
over 90% of death is OS patients without polyche-
motherapy [1,25]. In this study, severe metastasis
to head, limbs, and especially lung was observed in
OS mouse model. However, only moderate
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metastasis to lung and head was observed after
RNF180 over-expression. Lung metastasis nodules
in RNF180 group were also obviously less than
that in control group. All these results demon-
strated that RNF180 inhibits proliferation, migra-
tion, invasion, EMT, and lung metastasis in OS,
and RNF180 might act as a tumor-suppressor and
potential therapeutic target in OS treatment.
RNF180 also acts as an important E3 ubiquitin
ligase via regulating protein degradation in cancer.
For instance, RNF180 regulates the expression of Ras
homolog gene family member C via ubiquitination
and further protein degradation through proteaso-
mal pathway in gastric cancer [26]. RNF180 restores
the expression of ADAMTS9 via ubiquitination of
DNA methyltransferase 3a (DNMT3A) in gastric

cancer [27]. Here we validated CBX4 as a novel sub-
strate of RNF180 in OS. RNF180 and CBX4 were co-
localized mainly in nucleus, and their interaction was
validated using Co-IP. RNF180 accelerated the
decline of CBX4 level after treatment of CHX,
a protein synthesis inhibitor. RNF180 also elevated
the ubiquitination level of CBX4 in OS cells, indicat-
ing that RNF180 reduces CBX4 expression in OS via
ubiquitination and further proteasomal pathway.
CBX4 acts as an oncogene in various cancers includ-
ing OS, breast cancer, lung cancer, and hepatocellu-
lar carcinoma [13,16,28,29]. Of note, CBX4 is over-
expressed in OS cell lines and tissues [16]. CBX4
promotes metastasis via interacting with casein
kinase l1a and up-regulating Runx2 [16]. CBX4 also
regulates the malignant behavior of OS through



interacting with metabolic glutamate receptor 4
(GRM4). In the present study, CBX4 is significantly
up-regulated in OS tissues at both mRNA and pro-
tein levels. Nevertheless, RNF180 exerted regulatory
effects on CBX4 at the protein level rather than
mRNA in OA cell lines. Besides, RNF180 further up-
regulated KLF6 yet inhibited Runx2 expression, both
of which are downstream targets of CBX4. KLF6 acts
as a tumor suppressor yet Runx2 are related to
metastasis and resistance to chemotherapy in OS
[16,18,19,30,31]. In addition, RNF180 inhibited pro-
liferation, migration, invasion, and EMT in OS,
which was partially reversed by CBX4 over-
expression.

In summary, RNF180 is down-regulated in OS
due to promoter hypermethylation, and RNF180
suppresses OS progression through regulating ubi-
quitination of CBX4. Our findings indicated that
the RNF180-CBX4 axis might be a promising tar-
get for diagnosis and therapeutic of OS.
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