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Original Article 

FAT10 promotes hepatocellular carcinoma (HCC) carcinogenesis 
by mediating P53 degradation and acts as a prognostic indicator 
of HCC
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Background: With the advancement of hepatocellular carcinoma (HCC) treatment technology, the 
treatment options for HCC patients have increased. However, due to high heterogeneity, among other 
reasons, the five-year survival rate of patients is still very low. Currently, gene expression prognostic models 
can suggest more appropriate strategies for the treatment of HCC. This study investigates the role of FAT10 
in hepatocarcinogenesis and its underlying mechanism.
Methods: The expression of FAT10 was detected by immunohistochemical method using tissue arrays 
containing 4 specimens of patients with digestive cancer. The expression of FAT10 was determined by a 
tissue microarray which included 286 pairs of HCC samples and corresponding normal mucosae and was 
further confirmed by real-time polymerase chain reaction (PCR) and western blot. The Kaplan-Meier 
survival curve was used to determine the correlation of FAT10 expression with patients’ recurrence and 
overall survival (OS) rate. In vivo, liver fibrosis, cirrhosis, and HCC models were established to assess 
the FAT10 expression. Moreover, FAT10 over-expressing cell lines were used to determine the molecular 
mechanism underlying the FAT10-induced cell proliferation and hepatocarcinogenesis by reporter gene 
measure, real-time PCR, and western blot. Based on TCGA database, signal pathways associated with FAT10 
and HCC invasion and metastasis were analyzed by KEGG enrichment analyze.
Results: Overexpression of FAT10 in HCC was observed in this study compared with its expression in 
other digestive tumors. Clinicopathological analysis revealed that FAT10 expression levels were closely 
associated with tumor diameters and poor prognosis of HCC. This study also confirmed through in vivo 
experiments that the expression of FAT10 in liver fibrosis, cirrhosis, and HCC gradually increases. Further 
study revealed that forced FAT10 expression enhanced the growth ability of HCC cells and mediated the 
degradation of the critical anti-cancer protein p53, which led to carcinogenesis. Finally, 9 signal pathways 
related to HCC metastasis were obtained through bioinformatics analysis.
Conclusions: FAT10 may act as a proto-oncogene that facilitates HCC carcinogenesis by mediating p53 
degradation, and the expression of FAT10 is negatively correlated with the prognosis of HCC patients. 
FAT10 is expected to become a potential combined target and prognostic warning marker for HCC 
treatment.
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Introduction

Hepatocellular carcinoma (HCC), a major type of liver 
cancer, is one of the ten most common cancers globally. It 
ranks as the fifth leading cause of cancer death in males, 
and it accounts for 70% to 85% of the total cancer burden 
(1-3). Despite the increasingly diverse and individualized 
treatment of HCC, it is difficult to obtain a substantial 
improvement in the five-year survival rate of patients. This 
is due to the high heterogeneity of HCC, which is already 
at an advanced stage of the disease at the time of diagnosis, 
and it seriously threatens people’s lives and health (4,5). 
Therefore, it is urgent to elucidate the important molecules 
responsible for hepatocarcinogenesis and determine 
the prognosis of HCC so that novel strategies for HCC 
prevention and treatment can be developed (6). Up to 
now, a variety of oncogenes and abnormally activated cell 
survival or proliferation signals including c-Met, nuclear 
factor-κB (NF-κB), Wnt/β-catenin, and c-Jun N-terminal 
kinase (JNK) pathways have been detected in human liver 
cancer samples. At the same time, the overexpression of 
oncogenes and the over-regulation of proliferation signals 
eventually lead to cell canceration (7-10). However, 
some studies have shown that the downregulation of 
anti-oncogenic molecules in hepatocytes, including p53 
and HNF-4α, also promotes liver carcinogenesis or 
increases cell proliferation (11,12). These results reveal 
the complexity of HCC pathogenesis. Herein, this study 
reports a novel HCC oncogene, FAT10, and its role 
in hepatocarcinogenesis. Furthermore, it documents a 
mechanism which FAT10 interacts with and mediates the 
degradation of p53, which acts as an important tumor 
suppressor gene. And the relationship between the 
expression of FAT10 and the prognosis of HCC patients. 
This study is expected to discover new combined targets 
and prognostic warning markers for HCC treatment. 
We present the following article in accordance with the 
ARRIVE reporting checklist (available at https://dx.doi.
org/10.21037/jgo-21-374).

Methods

Ethical statement

The clinicopathological characteristics of all patients 
are shown in Table 1. All procedures performed in this 
study involving human participants were in accordance 
with the Declaration of Helsinki (as revised in 2013). 
The study was approved by ethics boards of the Seventh 
People’s Hospital of Shanghai University of Traditional 
Chinese Medicine, the First Affiliated Hospital of China 
Medical University and the Third Affiliated Hospital of 
Shanghai Military Medical University (NO.: 2020-7th-
HIRB-018, [2021]2021-223-2 and EHBHKY2020-K-040) 
and informed consent was taken from all the patients. The 
animal studies involved in this experiment were performed 
after approval by the ethics committee of the General 
Hospital of Northern Theater Command. All animal 
experiments were performed at the laboratory animal center 
of the General Hospital of Northern Theater Command 
in accordance with international guidelines for biomedical 
research involving animals. A protocol was prepared before 
the study without registration.

Histological examination and tissue microarray analysis

A tissue microarray block containing 4 kinds of digestive 
system tumor tissues was purchased from Outdo Biotech 
Co., Ltd. (Shanghai, China). HCC tissues were obtained 
from surgical resection specimens of HCC patients from 
the Seventh People’s Hospital of Shanghai University of 
Traditional Chinese Medicine, the First Affiliated Hospital 
of China Medical University and Eastern Hepatobiliary 
Surgery Hospital. Immunohistochemistry was performed 
following standard protocols. The antibodies used are listed 
in Table S1. The assessment of tissue microarray staining 
was based on the percentage of positively stained cells, 
and the staining intensity was measured using ImageScope 
software (Aperio Technologies, Inc., Vista, CA, USA).
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Table 1 Characteristics of patients in the cohort

Variables
FAT10 expression

P value
Low (n=142) High (n=144)

Age, median, y 50 [21–78] 47 [21–83] 0.061a

Female, No. (%) 15 (10.6) 16 (11.1) 0.822

HBsAg, No. (%) 99 (69.7) 106 (73.6) 0.465

HBeAg, No. (%) 50 (35.2) 53 (63.2) 0.779

Liver cirrhosis, No. (%) 85 (59.9) 86 (59.7) 0.981

AFP ≥20 μg/L, No. (%) 57 (40.1) 87 (60.8) 0.001

Total bilirubin, umol/L 16.6 (7.5–33.4) 15.2 (4.9–74.7) 0.146a

Albumin, g/L 42.5 (22.2–50.9) 42.8 (25.8–52.3) 0.805 a

Platelets, 109/L 125.0 (37.0–436.0) 114.5 (24.0–368.0) 0.326 a

Prothrombin time, seconds 12.3 (10.1–19.4) 11.9 (10.0–15.9) 0.029 a

ALT, U/L 40 (12.6–1,426.1) 37.6 (8.7–1,789.8) 0.444 a

AST, U/L 37.8 (13.5–1,638.9) 37.2 (12.2–1,566.6) 0.649 a

ALP, U/L 89.0 (31.0–425.0) 87.5 (44.0–1,019.0) 0.927 a

Multiple tumors, No. (%) 15 (10.6) 38 (26.4) 0.001

Largest diameter ≤5 cm, No. (%) 98 (69.0) 82 (56.9) 0.035

Complete capsule, No. (%) 96 (67.6) 88 (61.1) 0.252

Microvascular invasion, No. (%) 30 (21.1) 51 (35.4) 0.007

Edmondson-Steiner classification I, II, No. (%) 43 (30.3) 37 (25.7) 0.388

Transfusion, No. (%) 30 (21.1) 21 (14.6) 0.148

BCLC stage 0/A, No. (%) – – –
a, Mann-Whitney test. PVTT, portal vein tumor thrombus; AFP, alpha-fetoprotein; GGT, gamma-glutamyl transferase; ALP, alkaline 
phosphatase; ALT, alanine aminotransferase. 

Experimental animal models

Diethylnitrosamine (DEN) was administered to 30 male 
Wistar rats through intraperitoneal injections once a week 
for 10 weeks. To monitor the development of HCC, 2 rats 
were sacrificed every 2 weeks after DEN administration. 
The remaining rats were killed 22 weeks after the first 
DEN administration. The 6-week-old male C57 mice 
used in the experiment were purchased from Shanghai 
SLAC Laboratory Animal Co., Ltd., Chinese Academy of 
Sciences. They were reared in accordance with the specific 
pathogen-free (SPF)-level laboratory animal breeding 
standards, with an ambient temperature of approximately 
25 ℃ and relative humidity of approximately 60%. They 
were reared at 5 mice per cage, with a circadian rhythm 

of 12/12 hours and free food and water intake. After the 
purchase, the experiment was carried out after breeding in 
the animal room for more than 1 week. Construction of 
carbon tetrachloride (CCl4) and bile duct ligation (BDL)—
induced murine liver cirrhosis model was performed as 
described in previous papers (13-15). After the model was 
successfully established, it was followed by histological 
evaluation.

Cell lines

The HCC cell line SMMC-7721 was purchased from 
the Cell Bank of Type Culture Collection of the Chinese 
Academy of Sciences.
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Cell proliferation assay

SMMC-7721-FAT10 and control cells were seeded in 96-
well plates and incubated for different periods. Then, Cell 
Counting Kit-8 reagent (Dojindo, Kumamoto, Japan) 
was added to the cells, and adenosine triphosphate (ATP) 
activity was measured on a Synergy 2 microplate reader 
(BioTek, Winooski, VT, USA). 

Real-time polymerase chain reaction (PCR)

An ABI PRISM 7300 Sequence Detector (Applied 
Biosystems, Foster City, CA, USA) was used to perform 
real-time fluorescent quantitative PCR reactions and detect 
the expression level of each molecule.

The sequence of each primer is shown in Table S2.

Pathway analysis of FAT10 mediated HCC invasion and 
metastasis

The gene expression profifiles of HCC were downloaded 
from TCGA database, which was contained 424 samples, 
including 50 normal samples and 374 tumor samples. R 
language (Limma package and Beeswarm package) was 
used to conduct single gene difference analysis of FAT10, 
Gene Set Enrichment Analysis was performed using the 
GSEA software (gsea-3.0-jar) (https://www.broadinstitute.
org/gsea/) with gene set database = c2 kegg, permutation = 
phenotype.

Statistical analysis

Overall survival (OS) is defined herein as the time from the 
day of surgery to death (including any cause). Qualitative 
variables were compared using the c2 test or Fisher’s 
exact test, and continuous variables were compared using 
the student t-test. Correlation analysis between FAT10 
expression and sample survival time was performed by 
the Kaplan Meier method and compared with the log 
rank test. Cox proportional hazards models were used to 
determine independent factors for survival and recurrence. 
All statistical analyses were performed using SPSS version 
18.0 (SPSS Inc., SPSS Statistics for Windows, Chicago, IL, 
USA). P<0.05 was considered statistically significant in this 
study.

Results

FAT10 expression is elevated in human HCC 

To evaluate the expression of FAT10 among various 
digestive system tumors, FAT10 expression was first 
evaluated in digestive cancer samples. Based on an 
array containing 4 digestive cancer samples from 
patients and corresponding noncancerous tissues for 
immunohistochemical staining, it was found that FAT10 
expression was up-regulated in HCC (Figure 1A). Next, 
the elevated expression of FAT10 in human liver cancer 
tissues was confirmed (246/286) (Figure 1B). It was further 
observed that FAT10 transcripts in HCC (105/134) 
were significantly increased compared to adjacent tissues  
(Figure 1C) and western blotting results (Figure 1D) also 
showed that FAT10 was up-regulated.

FAT10 overexpression mediates poor prognosis of HCC 
patients

The test results of a cohort of 286 HCC patients indicated 
an increase in FAT10 expression. According to the results 
of immunostaining, 286 HCC patients were divided into 
the FAT10 high expression (FAT10 high) group (n=144) 
and FAT10 low expression (FAT10 low) group (n=142). 
Compared with the low FAT10 group, the OS of HCC 
patients in the high FAT10 group was also shorter; the 
median OS time for the FAT10 low and FAT10 high group 
was 46 and 15 months, respectively, with a difference of  
31 months (P=0.002). Compared with the low FAT10 group, 
the Progression-free survival (PFS) of HCC patients in the 
high FAT10 group was shorter.; the median PFS times for 
the for the FAT10 low and FAT10 high group were 26 and 
15 months, respectively, with a difference of 11 months  
(P=0.001) (Figure 2A,B, Table 1). A clinical cohort study 
showed that FAT10 overexpression in tumors with a 
diameter >5 cm and alpha-fetoprotein (AFP) >20 ng/L 
displayed an even worse prognosis in terms of OS time 
(Figure 2C,D). In multivariate analysis, it was proved that 
capsule, vascular invasion, diameter, tumor number, AFP, 
and FAT10 overexpression are independent prognostic 
factors that affect OS time and recurrence time of patients 
(Figure 2E,F, Tables 2,3). Thus, the overexpression of FAT10 
may be an important early warning factor that mediates the 

https://cdn.amegroups.cn/static/public/JGO-21-374-supplementary.pdf
https://www.broadinstitute.org/gsea/
https://www.broadinstitute.org/gsea/
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Figure 1 Expression of FAT10 is enhanced during hepatocarcinogenesis. (A) A representative view of FAT10 immunohistochemical 
staining in 4 different digested tumor sample tissue arrays including liver cancer. Black scale bars, 100 μm. (B) Relative expression of FAT10, 
relative to that of corresponding noncancerous tissues, from immunohistochemical staining of a tissue array containing 286 HCC samples. 
A representative view from a tissue microarray is shown. Black scale bars, 100 μm. The micrograph indicates the amplified morphology 
of tumor tissue. *, P<0.05. (C) Expression of FAT10 mRNA in HCC patients (n=134). (D) Western blot results showed that FAT10 was 
expressed at protein levels in tumor tissues (T) and paracancerous tissues (N) from 4 HCC patients. HCC, hepatocellular carcinoma.
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Figure 2 FAT10 overexpression predicts poor prognosis of HCC patients. (A,B) The OS and PFS were compared between the 286 HCC 
patients of FAT10 high and FAT10 low groups. (C,D) Comparison between OS of HCC patients, FAT10 expression level in tumors of 
different diameter, and AFP levels. (E,F) Multivariate analysis on OS time and time to relapse. HCC, hepatocellular carcinoma; OS, overall 
survival; PFS, progression-free survival; AFP, alpha-fetoprotein.
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Table 2 Univariate analysis for prognosis of patients in the cohort

Variables No. Recurrence (months), P value Survival (months), P value

AFP, μg/L <0.001 <0.001

<20 142

≥20 144

HBsAg 0.019 0.166

Positive 205

Negative 81

Edmondson-Steiner classification 0.005 0.007

I, II 80

III, IV 206

Capsule 0.017 <0.001

Complete 184

Incomplete 102

Microvascular invasion <0.001 <0.001

Yes 78

No 208

Tumor number <0.001 <0.001

Single 233

Multiple 53

Largest diameter, cm <0.001 <0.001

≤5 184

>5 102

FAT10 in TT 0.001 0.002

Low 142

High 144

Transfusion 0.032 0.006

Yes 41

No 245

AFP, alpha-fetoprotein; MVI, microvascular invasion; TT, tumor tissue.

low survival rate of HCC patients and the poor prognosis. 

Expression of FAT10 is elevated during 
hepatocarcinogenesis

In order to explore the expression of FAT10 in the process 
of HCC, liver samples were collected from Wistar rats 
where DEN had induced hepatocarcinogenesis, and 

then the samples were used for immunohistochemical 
staining. The rats gradually showed fibrosis and cirrhosis 
in the liver after receiving DEN administration, and 
ultimately all rats progressed to HCC in the 22nd week 
after treatment. Intriguingly, the expression of FAT10 was 
significantly increased during the process of liver cancer 
in rats (Figure 3A-C). Next, a CCl4 and BDL-triggered 
mouse cirrhosis model was established, and then FAT10 
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expression was assessed (Figure 3D-G). The final results 
showed that, compared with normal tissues, the expression 
of FAT10 in the fibrotic or cirrhotic liver was significantly 
increased.

FAT10 mediates p53 degradation and promotes hepatoma 
cell proliferation

This study used pc3-FAT10 (FAT10 expression vector) 
or scrambled control plasmid to transform SMMC-7721 
cells to clarify further the role of FAT10 in the malignant 
biological behavior of hepatoma cells. As shown in  
Figure 4A and 4B, FAT10 overexpression remarkably 
enhanced the proliferation of HCC cells and led to 
the formation of more colonies. To determine the 
molecular mechanism underlying the FAT10-induced cell 
proliferation and hepatocarcinogenesis, the expression 
of key tumor-related genes was determined. Notably, 
no significant difference was detected in the expression 
of the β-catenin or HIF-1 reporter genes in FAT10 
overexpression cells (Figure 4C,D). Nevertheless, the 
expression of the p53 reporter gene was found to 
be decreased by FAT10 overexpression (Figure 4E).  
Subsequent l y,  FAT10  and  p53  expre s s ion  were 
analyzed in HCC patients, and the results revealed a 
possible negative correlation between FAT10 and p53  
(Figure 4F,G). Furthermore, SMMC-7721 cells were 
treated with cycloheximide (CHX), and it was found that 
CHX did not affect reducing p53 expression mediated 
by FAT10. However, the application of MG132 could 
significantly block this down-regulation, indicating that 
FAT10 promotes p53 degradation-dependent mechanisms 
through the proteasome (Figure 4H,I). 

FAT10 is involved in the regulation of invasion and 
metastasis pathways of liver cancer

The expression of FAT10 in HCC was higher than that in 
normal tissues, and the difference was significant (P<0.05) 
(Figure 5A). A total of 84 FAT10 related pathways were 
obtained by GSEA pathway enrichment analysis (P<0.05). 
There were 9 pathways related to metastasis of liver cancer 
including: nod like receptor signaling pathway, chemokine 
signaling pathway, cell adhesion molecules cams and so on 
(Figure 5B).

Discussion

HCC has a high incidence and is the most common fatal 
malignant tumor globally (16). People have been seeking 
to improve screening, diagnosis and treatment strategies to 
improve the prognosis of this malignant tumor. Effective 
biomarkers for monitoring the prognosis of HCC are 
still relatively lacking. At present, studies have shown that 
AFP, alpha-fetoprotein LP-3 (AFP-L3), DCP, HGF and 
other molecules are closely related to the poor prognosis 
of HCC vascular invasion and distant metastasis (17-20). 
In recent years, studies on the relationship between non-
coding RNA, immune-related molecules, and key factors in 
serum exosomes and the prognosis of HCC have gradually 
increased (21-23). Therefore, screening reliable molecular 
markers that can evaluate the prognosis of HCC patients 
and evaluate the efficacy will have important clinical 
translational value. So far, surgical resection is recognized 
as the most effective therapeutic method. However, 
according to clinical study results, surgical resection only 
prolongs the lifespan of early HCC patients (24). How to 

Table 3 Multivariate analysis of the primary cohort

Variable
Recurrence Overall survival

P HR (95.0% CI) P HR (95.0% CI)

FAT10, low/high 0.017 1.501 (1.075–2.095) 0.029 1.544 (1.044–2.284)

AFP, <20/≥20, μg/L 0.002 1.731 (1.231–2.434) <0.001 2.342 (1.547–3.544)

Tumor number, multiple/single 0.002 1.828 (1.245–2.683) 0.008 1.789 (1.158–2.763)

Largest diameter ≤5 cm, yes/no 0.005 1.609 (1.159–2.234) 0.002 1.861 (1.262–2.745)

Microvascular invasion, yes/no 0.011 1.561 (1.108–2.199) <0.001 2.258 (1.531–3.331)

Complete capsule, yes/no 0.301 1.191 (0.855–1.657) 0.037 1.505 (1.026–2.209)

HR, hazard ratio; CI, confidence interval.
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Figure 3 Expression of FAT10 is enhanced during hepatocarcinogenesis. (A) The results of H&E staining and immunohistochemistry 
showed the liver conditions of Wistar rats at the 18th week (cirrhosis) or 22nd week (hepatocellular carcinoma) after the administration of 
DEN. Arrows indicate HCC nodules. Scale bar, 100 μm. (B,C) FAT10 expression in the livers of the Wistar rats was analyzed by real-time 
PCR and western blotting. *, P<0.05, **, P<0.01. (D) The results of H&E staining and immunohistochemistry showed the liver sections of 
C57 mice which were sacrificed at specified time intervals after CCl4 administration. Scale bar, 100 μm. (E) Western blot analysis showed 
the liver condition of rats after CCl4 administration. (F) The results of H&E staining and immunohistochemistry showed that the liver 
sections of the C57 mice were sacrificed at specified time intervals after cirrhosis was caused by BDL. Scale bar, 100 μm. (G) Western blot 
analysis showed the liver condition of mice triggered by BDL. DEN, diethylnitrosamine; HCC, hepatocellular carcinoma; PCR, polymerase 
chain reaction; CCl4, carbon tetrachloride; BDL, bile duct ligation.
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Figure 4 FAT10 mediates p53 degradation and promotes hepatoma cell proliferation. (A) Proliferation of SMMC-7721-FAT10 and control 
cells. (B) Perform clone formation experiments on SMMC-7721-FAT10 and control cells, and calculate the relative number of clones. Scale 
bar, 100 μm. Representative images are shown, and error bars represent the SEM. (C-E) Transfect SMMC-7721 cells with scramble control 
or pc3-FAT10 plasmid, accompanied by OT/OF/TK, HIF, or p53 reporter gene, and then analyze the expression of the reporter gene.  
(F) Immunohistochemical staining of FAT10 and p53 expression in a continuous pathological section of HCC tissue. Black scale bars,  
100 μm. (G) Correlation of FAT10 and p53 expression in 17 HCC tissues. (H,I) SMMC-7721 cells were transfected with either scramble 
control or pc3-FAT10 plasmids, treated with CHX or MG132 for the indicated time periods, and subjected to western blot assays. *, P<0.05. 
NS, not statistically significant; HCC, hepatocellular carcinoma; CHX, cycloheximide.
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Figure 5 Based on TCGA database, FAT10 was enriched by KEGG analysis to obtain the pathways related to HCC invasion and metastasis. 
(A) FAT10 is highly expressed in HCC and low expressed in normal tissues, and the difference is significant. (B) Based on TCGA database, 
FAT10 was enriched by KEGG analysis using GSEA software, and 9 signaling pathways related to HCC invasion and metastasis were 
obtained. HCC, hepatocellular carcinoma.
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choose better treatments to prevent recurrence has become 
a challenge that affects the OS of HCC patients. The 
formation of HCC patients with medication plays a key role 
in preventing recurrence. In view of this, comprehensive, 
sequential, and individualized comprehensive treatment 
can bring more clinical benefits to patients (25). At 
present, targeted therapy is still the first choice for HCC 
treatment. It is a treatment plan for point-to-point killing, 
inactivation, and inhibition of the promoter genes of liver 
cancer to make it lose its function (24,26). And the wide 
application of immunotherapy has brought new hope for 
HCC patients. The unique immunobiology of the liver 
promotes tumorigenesis and tumor immune tolerance 
under conditions of fibrosis and chronic inflammation, and 
also provides the possibility of immune targeted therapy. 
In addition to tumor cells, the tumor microenvironment of 
HCC is composed of stromal cells (including immune cells, 
fibroblasts, endothelial cells, etc.), structural components 
(such as extracellular matrix, etc.), and signal components 
(chemokines, growth factors, etc.) (27). These components 
affect tumor immune escape, response to immunotherapy 
and patient prognosis. Part of the dysfunction of effector 
cells in the HCC microenvironment is directly driven 
by HCC cells, and the other part is indirectly driven by 
suppressive immune cells recruited into the tumor (28). 
Compared with other tumors, the tumor microenvironment 
of HCC also has a certain degree of particularity. The liver 
is a special immune organ that contains a large number of 
antigen presenting cells (APCs) and immune cells. Due to 
long-term exposure to chronic antigens from the intestine, 

the liver has a certain degree of immune tolerance (29). 
In addition, most HCCs in my country are accompanied 
by chronic hepatitis B virus (HBV) infection. HBV 
infection interacts with other components of the tumor 
microenvironment in complex signaling pathways, resulting 
in the special tumor microenvironment of HCC (30).

Given the previous positive results of critical oncogene 
identification for cancer therapy, this study examined the 
role of FAT10 and its tumor-promoting effects (31,32). 
Substantial genetic and biochemical data support the notion 
that FAT10 has a role in promoting tumors. FAT10, also 
called ubiquitin D, belongs to the ubiquitin protein family. 
It is covalently bound to target proteins, leading to their 
degradation by the proteasome (33,34). Previous studies 
have reported its role in the immune system, in which it 
promotes the degradation of I kappa B alpha. FAT10 is 
involved in the lipopolysaccharide (LPS)-induced activation 
of TNF alpha or the intrinsic immune response, and FAT10 
may participate in the maturation of dendritic cells (35,36). 
Furthermore, FAT10 was found to have a close relationship 
with metastasis and tumor, nodes, and metastases (TNM) 
staging in human gastric cancer (37). It has been shown that 
FAT10 plays an important role in HCC development by a 
variety of regulatory mechanisms. Liu et al. (38) illuminated 
that effects of FAT10 is may be its influence on the Akt/
GSK3b pathway to promote the progression of hepatitis 
B-related HCC, increasing the levels of cyclin D1 and c-myc 
protein. Yan et al. (39) found that FAT10 promotes HCC 
proliferation via the WISP1 protein degradation pathway. 
Gao et al. (40) indicated that FAT10 activates NF-κB, which 
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in turn upregulated the chemokine receptors CXCR4 
and CXCR7 result in the HCC cell malignant biological 
behavior. Based on the existing studies, pro-inflammatory 
cytokine interferon (IFN-γ) and tumor necrosis factor 
(TNF-α) can jointly upregulate FAT10 expression in HCC 
cells by activating the p65/NF-κB pathway and increasing 
the expression of IFN-γ-and TNF-α-dependent proteasal 
subunit LMP2 (36,41). While TNF-α and interleukin (IL-6)  
increase FAT10 expression by the transcription factors 
STAT3 and the p65/NF-κB pathway (42,43). Glucose-
regulated protein 78 (GRP78) and ubiquitin-like protein 
FAT10 can each promote the occurrence of HCC (44,45). 
However, studies have shown that GRP78 can increase 
the expression of FAT10 through the NF-κB pathway, 
thereby promoting the proliferation of HCC (46). This 
study clarified the new mechanism of GRP78 to promote 
the progress of HCC, analyzed the relationship between 
GRP78 and FAT10 in HCC, provided a new idea for the 
study of the mechanism of HCC, and provided a new target 
for the prevention and treatment of HCC.

In this  study,  through in-depth explorat ion of 
HCC samples, it was confirmed that FAT10 increased 
significantly at the tissue level, gene level, and protein 
level. This increase in expression can mediate worse 
survival prognosis and malignant clinicopathological 
characteristics of HCC patients. Furthermore, using 
multivariate analysis, it was found that FAT10 is an effective 
independent risk factor that affects the OS rate hazard 
ratio (HR) value after curative resection. More importantly, 
FAT10 overexpression enhanced the accuracy of predicting 
OS outcomes in patients with HCC. Moreover, it was 
observed that FAT10 expression increased in the gradual 
progression of carcinogenesis in the DEN-induced rat 
HCC and BDL or CCl4 induced liver cirrhosis models, 
which means that FAT10 is involved in the occurrence 
of hepatocarcinogenesis. Accordingly, this study clarified 
that FAT10 plays a critical role in HCC carcinogenesis in 
animal models and human patients. To gain insights into 
the mechanisms regulating HCC carcinogenesis, HCC cell 
lines were transformed with plasmids to overexpress FAT10. 
It was further found that FAT10 promoted HCC cell 
proliferation and clone formation, which implied a proto-
oncogenic function in promoting tumor carcinogenesis. 
Interestingly, this study determined that FAT10 acts on 
P53. The down-regulation of p53 mediated by FAT10 can 
regulate cell proliferation and clone formation, which plays 
an important role in the carcinogenesis of HCC (47).

The above fully demonstrates that FAT10 can mediate 

the down-regulation of p53 expression, thereby providing 
new insights into the clinical significance of individualized 
therapy and prognosis prediction for HCC patients. In 
summary, it is reasonable to believe that FAT10 functions as 
a proto-oncogene and acts as a critical prognostic indicator 
of HCC. However, the specific signal pathway needs to be 
further studied.
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Table S2 Sequence of primers for real-time polymerase chain reaction (PCR)

Primer Sequence (5' to 3')

FAT10 forward primer CTGCCTCCACACCAGTGATA

FAT10 reverse primer GGAGCCTGAGCAAGGAGC

18 s forward primer CGGCTACCACATCCAAGGAA 

18 s reverse primer GCTGGAATTACCGCGGCT

Table S1 Information for antibodies

Name Isotype Company

FAT10 Rabbit Cell Signal Technology

p53 Rabbit Cell Signal Technology

GAPDH Mouse Santa Cruz Biotechnology, Inc.

α-SMA Mouse Cell Signal Technology
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