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Abstract. Metastasis is the main challenge of osteosarcoma 
treatment. Herein, we first reveal the oncogenic role of FAT10 
in metastasis of osteosarcoma. FAT10 was upregulated in 
osteosarcoma, especially in metastatic osteosarcoma. High 
level of FAT10 was associated with poorer prognosis of osteo-
sarcoma patients. Moreover, Transwell and Matrigel assays 
revealed that silencing FAT10 significantly inhibited the inva-
sive and migratory abilities of osteosarcoma cells. Metastasis 
assay in  vivo showed that silencing FAT10 decreased the 
number of mice with distant metastasis. We also found that 
FAT10 may act its oncogenic functions through regulating 
HOXB9. Collectively, the results suggested that FAT10 may be 
a novel therapeutic target for osteosarcoma patients.

Introduction

Osteosarcoma (OS), the frequent sites of which are the femur, 
the tibia and the humerus, is the most common primary malig-
nant bone tumor in the world, representing approximately 56% 
of all bone cancers (1). By combining surgery with multi-agent 
chemotherapy, the 5-year cumulative survival rate of primary 
OS has significantly improved to 60-90% in the past three 
decades (2,3). Unfortunately, approximately 80% of patients 
eventually developed metastasis following surgical treatment 
and pulmonary metastasis in OS patients is a major cause of 
fatal outcome (4,5). Therefore, it is crucical to identify effector 
molecules and signaling pathways which exhibit a close rela-
tionship with tumor progression and metastasis. Novel findings 
may improve the existing OS treatment.

HLA-F locus adjacent transcript 10 (FAT10) is a member 
of the ubiquitin-like protein family, which covalently modifies 
target substrates by binding via their C-termini containing 
conserved Gly-Gly motifs (6,7) and is well known as a signal 

for proteasomal degradation (8). FAT10 has been confirmed to 
be related with cell growth and survival; the ectopic expres-
sion of FAT10 could induce abnormal alterations in the cell 
cycle, apoptosis, and immune response  (7,9,10). Recently, 
the role of FAT10 in malignant tumors has been widely 
studied. Overexpression of FAT10 was examined in various 
cancers, such as gastrointestinal cancer (11), hepatocellular 
carcinoma (HCC)  (12,13), pancreatic ductal adenocarci-
noma (14), and human glioma (15). FAT10 has been proved 
to significantly promote invasion and metastasis in mutltiple 
cancers (11,14,16). However, the role of FAT10 in OS was not 
illuminated. Homeobox B9 (HOXB9), a member of the class I 
homeobox (HOX) genes, played a critical role in embryonic 
segmentation and limb patterning  (17). Recently, biologic 
function of HOXB9 in tumor metastasis has been confirmed. It 
has been reported that the overexpression of HOXB9 in breast 
cancer could increase angiogenesis and distal metastasis, and 
the knockdown of HOXB9 significantly decreased the ability 
of lung cancer cells to form bone and brain metastases (18,19). 
Moreover, silencing FAT10 could inhibit HOXB9 expression 
in HCC cells. Thus, we presumed that HOXB9 may be the 
regulatory target of FAT10 in invasion and metastasis.

In this study, we found that FAT10 was aberrantly 
upregulated in OS, especially in metastatic OS. High expres-
sion of FAT10 was correlated with poor prognosis of OS 
patients. Furthermore, silencing FAT10 significantly inhibit 
invasion and metastasis of OS cells by regulating HOXB9.

Materials and methods

Clinical specimens and cell culture. This study was conducted 
with the approval of Institutional Ethical Review Board of the 
Fourth Affiliated Hospital, China Medical University. A total of 
65 pairs of specimens and their adjacent tissue samples frozen 
in liquid nitrogen were obtained from the Fourth Affiliated 
Hospital. No patients had received any antitumor treatments 
before biopsy. All cell lines are cultured in adaptive culture 
medium according to ATCC and cultured at 37˚C in 5% CO2.

Establishment of cell lines. Human shRNA of FAT10 were 
cloned into pSuper-puro vector. Retrovirus supernatants were 
pSuper and pSuper-sh. PKM2 were produced in Phoenix 
packaging cells. We respectively transfected the indicated cell 
lines with these different viral supernatant containing 4 µg/
ml polybrene (Sigma). Then cells were selected by puromycin 
(2 µg/ml). The methods were as described (20).
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RNA extraction, reverse transcription, and real-time RT-PCR. 
Total RNA was extracted from freshly-frozen samples or cells 
with TRIzol reagent (Invitrogen). Total RNA was reverse-
transcribed with First Strand cDNA Synthesis kit (Invitrogen). 
Real-time PCR reactions were conducted using Platinum 
SYBR Green qPCR SuperMix-UDG reagents (Invitrogen) on 
the PRISM 7900HT system (Applied Biosystems). All reac-
tions were done in triplicate and reactions without reverse 
transcriptase were used as negative controls. The GAPDH 
were used as the endogenous controls and the 2-∆∆CT equation 
was used to calculate the relative expression levels.

Western blot analysis. Western blot analysis was conducted 
using anti-FAT10, anti-β-catenin and anti-β-actin. All anti-
bodies were purchased from Cell Signaling Technology.

Cell migration and invasion assays. The effects of FAT10 
or HOXB9 expression on cell migration and invasion were 

assessed using the Transwell and Matrigel assays as previously 
described (21).

Immunofluorescence. Cells silencing FAT10 were cultured on 
glass coverslips (NEST, 801007) in 24-well plate and fixed by 
4% paraformaldehyde for 15 min at 50-60% density followed 
by washing in PBS. After blocking in goat serum (1:10 in 
PBS) for 30 min, the coverslips were incubated with primary 
antibodies (diluted in primary stain diluting buffer, Beyotime, 
P0103) overnight at 4˚C and secondary antibodies 1 h at 37˚C.
Nuclei were visualized by 4',6-diamidine-2-phenylindole 
staining (DAPI, Solarbio, D8200). The coverslips touched 
face down a drop of Anti-fade Mounting Medium (Beyotime, 
P0126) on a slide and the fluorescence was captured by laser 
scanning confocal microscopy.

In  vivo metastasis. Nude mice were purchased from 
Shanghai Slac Laboratory Animal Co. Ltd. and maintained 

Table I. Association of FAT10 expression in human osteosarcoma tissues with clinicopathological features.

	 FAT10 expression
	 ----------------------------------------------------------------
Clinicopathological features	 No. of patients	 Low (n, %)	 High (n, %)	 P-value

Gender
  Male	 35	 16 (45%)	 19 (55%)	 NS
  Female	 30	 17 (57%)	 13 (43%)
Age
  <25 years	 26	 14 (54%)	 12 (46%)	 NS
  ≥25 years	 39	 18 (55%)	 19 (45%)
Tumor size
  >8 cm	 34	 11 (32%)	 23 (68%)	 0.012
  ≤8 cm	 31	 17 (55%)	 14 (45%)
Serum level of alkaline phosphatase
  Elevated	 49	 31 (63%)	 18 (37%)	 NS
  Normal	 16	   8 (50%)	   8 (50%)
Anatomic location
  Tibia/femur	 44	 21 (48%)	 23 (52%)	 NS
  Elsewhere	 21	 11 (52%)	 10 (48%)
Distant metastasis
  Absent	 48	 32 (67%)	 16 (33%)	 <0.001
  Present	 17	   5 (29%)	 12 (71%)
Response to chemotherapy
  Good	 24	 18 (75%)	   6 (25%)	 <0.001
  Poor	 41	 13 (32%)	 28 (68%)
Clinical stage
  IIA	 29	 23 (79%)	   6 (21%)	 <0.001
  IIB/III	 36	   7 (19%)	 29 (81%)
Serum level of lactate dehydrogenase
  Elevated	 43	 25 (58%)	 17 (42%)	 NS
  Normal	 22	 10 (45%)	 12 (55%)
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in microisolator cages. All animals were used in accordance 
with institutional guidelines and the current experiments were 
approved by the Use Committee for Animal Care. For metas-
tasis assays, cells were resuspended in PBS at a concentration 
of 3x107 cells/ml. Cell suspension (0.1 ml) was injected into 
tail veins of nude mice. All of the mice were sacrificed by CO2 
8 weeks after inoculation.

Statistical analysis. Statistical analysis data are described 
as the mean ± SD. Survival percent was estimated using the 
Kaplan-Meier method. The relationship between survival 
period and each of the variables was analyzed using the log-rank 
test for categorical variables. Comparisons between different 
groups were undertaken using the Student's two-tailed t-test. 
The criterion of statistical significance was P<0.05. Statistical 
analysis was done with SPSS/Win11.0 software (SPSS Inc.).

Results

Ectopic expression of FAT10 was correlated with prog-
nosis of OS patients. In order to confirm whether FAT10 
was upregulated in OS, we first examined expression levels 
of FAT10 in OS by qRT-PCR. As shown in Fig. 1A and B, 
higher expression level of FAT10 was examined in 90.7% OS 
samples which suggested that FAT10 was correlated with the 
progression of OS. As show in the report, metastasis has been 
proved to be the key cause of death in cancers. To further 
confirm the role of FAT10 in OS, we studied the relationship 
between FAT10 and metastasis. We first found that FAT10 was 
significantly upregulated in metastatic OS (Fig. 1C) as well 
as invasive OS cell lines (Fig. 1D). Moreover, the analysis of 
clinical features of OS patients revealed that higher expres-
sion of FAT10 suggested more distant metastasis (Table I). 

Figure 1. Elevated FAT10 levels were examined in OS and related with metastasis. (A) Quantification of FAT10 RNA in human osteosarcoma (Tumor) and 
adjacent tissues (Normal). (B) Quantitative analysis of FAT10 levels in human osteosarcoma (Tumor) and adjacent tissues (Normal). (C) Quantitative analysis 
of FAT10 levels in non-metastatic OS (No-met) and metastatic OS tissues (Met). (D) Quantification of RNA levels of FAT10 in OS cell lines. (E) Correlation 
analysis of expression data and patient survival data from 65 OS patients collected from the Fourth Affiliated Hospital showing that FAT10 levels are a risk 
indicator for survival. **P<0.01 based on the Student's t-test. Error bars, SD.
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These data suggested that FAT10 promoted the metastasis 
of OS.

Metastasis is closely related with the prognosis of cancer 
patients. To evaluate whether FAT10 is related with prognosis 
of OS patients, we carried out bioinformatics analysis of the 
dataset. As shown in Fig. 1E, patients with higher FAT10 
mRNA level in OS tissues had poorer survival than those with 
lower FAT10 expression level suggesting that FAT10 expres-
sion significantly correlated with the prognosis of OS patients.

Silencing FAT10 inhibits migration and invasion of OS cells. 
To further confirm the role of FAT10 in metastasis, we first 
examined the expression levels of FAT10 in several OS cell 

lines by western blotting (Fig. 2A) and then we silenced the 
expression of FAT10 in U2OS with high expression of FAT10 
by shRNA. The subsequent levels of FAT10 were examined by 
western blotting (Fig. 2B) and qRT-PCR (Fig. 2C). We then 
evaluated the effects of FAT10 on migration and invasion of 
OS cells. Transwell assay revealed that silencing FAT10 signifi-
cantly inhibit the numbers of U2OS cells migrated through the 
membrane to the bottom of the aperture (Fig. 2D). Moreover, 
Matrigel assay was used to evaluate the invasive potential of 
OS cells with altered FAT10 expression. As shown Fig. 2E, 
silencing FAT10 decreased the numbers of invaded cells. In 
order to further confirm the role of FAT10 in migration and 
invasion, we overexpressed FAT10 in MG-63 cells. The expres-
sion of FAT10 was confirmed by western blotting (Fig. 3A) 

Figure 2. Silencing FAT10 inhibits migration and invasion of OS cells. (A) Western blot of FAT10 in OS cell lines. (B) Western blot for the expression levels of 
FAT10 in U2OS with silent FAT10 and empty vector pSuper. (C) Quantification of RNA levels of FAT10 in U2OS with silent FAT10 and empty vector pSuper. 
(D) U2OS with silent FAT10 possessed less migration ability in Transwell assay. (E) U2OS with silent FAT10 possessed less invasion ability in Matrigel assay. 
**P<0.01 based on the Student's t-test. Error bars, SD.
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Figure 3. FAT10 promotes migration and invasion of OS cells. (A) Western blot of the expression levels of FAT10 in MG-63 cells with overexpression of FAT10. 
(B) qRT-PCR of the expression levels of FAT10 in MG-63 cell with overexpression of FAT10. (C) Transwell assay for the MG-63 cells with overexpression of 
FAT10. (D) Matrigel assay for the MG-63 cells with overexpression of FAT10. **P<0.01 based on the Student's t-test. Error bars, SD.

Figure 4. Silencing FAT10 inhibits metastasis of OS cells in vivo. (A) The total numbers of mice with distant metastasis at 8 weeks after injection of U2OS cells 
with silent expression of FAT10 into the tail vein. (B) The numbers of metastatic foci per section in lung of individual mouse with injection of U2OS cells with 
silent FAT10. (C) Analysis of the numbers of metastatic foci per section in the lung. **P<0.01 based on the Student's t-test. Error bars, SD.
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and qRT-PCR (Fig. 3B). Then we examined the migratory 
and invasive abilities of MG-63-FAT10 cells. Transwell assay 
revealed that overexpression of FAT10 significantly increased 
the number of migrated cells (Fig. 3C) and Matrigel assay also 
showed similar results (Fig. 3D). These results revealed that 
FAT10 was essential for the migration and invasion of OS cells.

Silencing FAT10 inhibits osteosarcoma cell metastasis in vivo. 
To examine whether the function of FAT10 in migration and 
invasion in vitro was relevant to metastasis of OS cells in vivo, 
U2OS cells with silent FAT10 was inoculated into tail vein of 

BALB/C athymic mice. After 8 weeks, we observed that less 
mice, injected with OS cells with silent FAT10, had distant 
metastasis (Fig. 4A). In addition, less metastatic foci in lungs 
were counted in each mouse injected with OS cells with silent 
FAT10 (Fig. 4B and C).

Collectively, both in vivo and in vitro data strongly showed 
the biological role of FAT10 as an inducer of metastasis in 
OS. Silencing FAT10 inhibited EMT of OS cells. Epithelial 
mesenchymal transformation (EMT) has been proved to be the 
key step of metastasis. To evaluate the role of FAT10 in EMT, 

Figure 5. FAT10 induces EMT of OS cells. (A) Immunofluorescence images of EMT markers in U2OS cells with silent FAT10. (B) Western blot analysis of 
the expression of the epithelial cell marker E-cadherin and α-catenin, and the mesenchymal cell markers vimentin, fibronectin and N-cadherin in U2OS cells 
with silent FAT10. (C) qRT-PCR analysis of the expression of the epithelial cell marker E-cadherin and α-catenin, and the mesenchymal cell markers vimentin, 
fibronectin and N-cadherin in U2OS cells with silent FAT10. **P<0.01 based on the Student's t-test. Error bars, SD.
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we examined the expression levels of some EMT markers. 
As shown in Fig. 5A, upregulated E-cadherin and loss of 
N-cadherin were found in U2OS with silent FTA10 by immuno
fluorescence. Moreover, western blotting revealed upregulated 
levels of epithelial markers and loss of mesenchymal markers 
(Fig. 5B). We also revealed that all the changes of EMT-related 
proteins were based on the ectopic expressions of EMT-related 

genes suggesting that FAT10 may regulate the expression of 
EMT markers at DNA levels (Fig. 5C).

HOXB9 may be the key mediator of FAT10-induced metastasis 
of OS patients. HOXB9 has been reported to be a regulatory 
target of FAT10, here we also found downregulated HOXB9 in 
U2OS with silent FAT10 (Fig. 6A) while upregulated HOXB9 

Figure 6. FAT10 regulated β-catenin. (A) Western blot analysis of β-catenin and HOXB9 in U2OS cells with silent FAT10. (B) qRT-PCR analysis of β-catenin 
and HOXB9 in U2OS cells with silent FAT10. (C) Correlation analysis between FAT10 and HOXB9 levels. (D) Western blot of HOXB9 in MG-63 cells with 
overexpression of FAT10. **P<0.01 based on the Student's t-test. Error bars, SD.

Figure 7. Microarrey of OS cells with silenced FAT10. (A) OS cells with silenced FAT10. (B) Gene enrichment of OS cells with silenced FAT10.
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was examined in MG-63-FAT10 cells (Fig. 6D) suggesting 
that FAT10 may regulate expression of HOXB9. Western blot-
ting also revealed that β-catenin which activated expression 
of HOXB9 decreased in U2OS-shFAT10 cells. Moreover, we 
found a decrease in RNA level of HOXB9 but no changes in 
RNA level of β-catenin (Fig. 6B) which indicated that post-
transcriptional modification occurred in β-catenin. In order to 
further confirm the relationship between FAT10 and HOXB9, 
we performed linear correlated analysis. As shown in Fig. 6C, 
the expression levels of HOXB9 were positively correlated with 
the expression levels of FAT10. We confirmed the relationship 
between FAT10 and HOXB9 by microarray assay. As shown 
in Fig. 7A, silencing FAT10 induced, respectively, increasing 
expression (red) and decreasing expression (green) at DNA 
levels. HOXB9 was significantly inhibited by FAT10 in gene 
enrichment assay (Fig. 7B). These data suggested that FAT10 
regulated HOXB9 possibly through β-catenin pathway.

In order to confirm the role of HOXB9, we silenced the 
expression of HOXB9 in MG-63 cells with overexpression of 
FAT10. The expression levels of HOXB9 were confirmed by 
western blotting (Fig. 8A). Then we examined the invasiveness 
and migration MG-63 cells. As shown in Fig. 8B, Transwell 
and Matrigel assays revealed that silencing HOXB9 signifi-

cantly decreased the number of migrated and invaded cells 
in MG-63-FAT10 cells. We also found that silencing HOXB9 
promoted the expression of epithelial marker E-cadherin but 
inhibited the expression of mesenchymal marker N-cadherin 
(Fig. 8C). The data above suggested that HOXB9 was essential 
in the FAT10-induced migration and invasion.

Discussion

FAT10 is a member of the ubiquitin-like protein family. Herein, 
we first revealed that FAT10 could induce EMT in OS cells 
and promoted migration and invasion of OS cells in vitro as 
well as metastasis in vivo. Moreover, FAT10 was upregulated 
in OS, especially in metastatic OS and higher expression level 
of FAT10 was correlated with poorer prognosis of OS patients. 
In this study, we revealed that FAT10 promoted metastasis of 
OS possibly by regulating β-catenin pathway in which HOXB9 
played a critical role.

In recent years, FAT10 has been shown to participate in 
tumor migration and invasion. In a report, FAT10 promoted 
cells invasion and migration through regulating NF-κB-
CXCR4/7 pathway (22). In another study, FAT10 promoted 
the invasion of HCC cells via the Akt/GSK3b pathway (23). 
Moreover, HOXB9 has been shown to be upregulated by FAT10 
in invasion and metastasis of hepatocarcinoma cells (16). In 
this study, we suggested a similar mechanism in which FAT10 
promoted OS cell invasion and metastasis by upregulating 
HOXB9. First, FAT10 inhibition reduced HOXB9 expression 
and decreased the invasion and metastasis of OS cells in vitro 
and in vivo. Second, the logistic regression results revealed 
that co-overexpression of FAT10 and HOXB9. These data 
suggested a possible mechanism in which FAT10 promoted 
metastasis of OS patients.

In addition, previous studies have shown that HOXB9 is 
regulated by the Wnt/β-catenin/TCF4 pathway (18,24). The 
Wnt/β-catenin signaling plays a critical role in promoting 
progression and metastasis of multiple cancers (25-27). It has 
been reported that β-catenin is the critical effector of the Wnt 
signaling pathway and played the key role in the transduction 
of Wnt signal (28,29). It is also known that β-catenin is targeted 
to ubiquitin proteasome-mediated degradation (30). FAT10 
is a ubiquitin-like protein, and it functions similarly to poly-
ubiquitin as a tag for proteasome targeting (8). In this study, we 
revealed that silencing FAT10 could decrease the expression of 
β-catenin at protein level, but not RAN level, based on which 
we speculate that FAT10 may regulate β-catenin at its protein 
level. This finding suggested a novel possible mechanism of 
degradation of β-catenin.

Collectively, we revealed for the first time that FAT10 
promoted invasion and metastasis of OS cells. Higher level of 
FAT10 indicated poor prognosis of OS patients suggesting that 
FAT10 may be a potential therapeutic target for OS patients.
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