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Hepatocarcinogenesis is a highly complicated process that is promoted by a series of 
oncogenes. Our study aims to identify novel oncogenes promoting hepatocellular 
carcinoma (HCC) by bioinformatic analysis and experimental validation. Here, we reported 
that S100 calcium binding protein A10 (S100A10) was screened out as a potential novel 
oncogene in HCC by integrated analysis of OEP000321 dataset and the Cancer Genome 
Atlas (TCGA)-Liver-Cancer data. Furthermore, S100A10 was highly expressed in HCC 
samples and observably associated with patients’ overall survival (OS). Overexpression 
of S100A10 in Hep3B and Huh-7 increased the cell proliferation, whereas downregulation 
of S100A10 in SK-Hep-1 and HepG2 cells reduced the cell viability to almost stop growing. 
In vivo tumor growth assays showed that S100A10-overexpressing Hep3B cells had a 
larger tumor size than control. Moreover, S100A10 overexpression promoted Hep3B cells 
migration and invasion, and S100A10 knockdown inhibited SK-Hep-1 cells migration and 
invasion, in vitro. In conclusion, it is demonstrated that S100A10 is a novel oncogene in 
HCC, indicating a possible novel therapeutic strategy of HCC.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a malignancy with the highest mortality rate worldwide 
(Wu et  al., 2017). Due to the particular difficulty to diagnose HCC at an early stage, less 
than 20% of HCC patients have an opportunity to receive curative therapy. Even so, some of 
these patients still die from tumor recurrence mainly caused by metastasis, resulting in a bad 
prognosis (Wang et  al., 2012; Osaki and Nishikawa, 2015). Therefore, it is of urgency to 
illustrate the mechanisms of HCC progression and metastasis in order to discover new 
therapeutic targets.
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S100 calcium binding protein A10 (S100A10) belongs to 
the S100 family of proteins (Tantyo et  al., 2019). As an active 
modulator of various biological functions, it can participate 
in a variety of protein interactions, including Annexin A2, 
DLC1, and B-FABP (Hedhli et al., 2012). The abnormal expression 
of S100A10 affects cell proliferation, apoptosis, angiogenesis, 
inflammation, and invasion. Numerous studies have confirmed 
that S100A10 is an oncogene, such as intestinal cancer (Suzuki 
et  al., 2011), basal-type breast cancer (McKiernan et  al., 2011), 
lung cancer (Katono et  al., 2016), ovarian cancer (Wang et  al., 
2019b), pancreatic ductal cancer (Bydoun et  al., 2018), and 
gastric cancer (El-Rifai et  al., 2002). S100A10 has also been 
noted in HCC (Kittaka et  al., 2008; Shan et  al., 2013; Zhang 
et  al., 2016; Lou et  al., 2019). Although, group of Zhou 
demonstrated that miR-590-5p inhibited S100A10 expression 
by directly binding to its mRNA 3'UTR, the biological function 
of S100A10 was not involved (Shan et  al., 2013). Herein, the 
functional role of S100A10  in HCC is currently unclear.

Herein, we  initially re-analyzed the data from Fan’s study 
(Gao et  al., 2019) and the Cancer Genome Atlas (TCGA) 
database, and S100A10 was identified as a novel oncogene 
promoting hepatocarcinogenesis. Furthermore, a series of 
functional assays were performed. It was demonstrated that 
S100A10 promoted the proliferation, invasion, and migration 
of HCC, indicating a possible novel therapeutic target of HCC.

MATERIALS AND METHODS

Schematic Workflow for Mining of Novel 
Oncogene in HCC
The expression profile (OEP000321)1 was downloaded from 
Fan’s study (Gao et  al., 2019) to screen out the differentially 
expressed genes (DEGs) and the differentially expressed proteins 
(DEPs). Combined with TCGA-Liver-Cancer survival data,2 the 
survival-associated DEGs were identified as potential oncogenes 
for further validation (Supplementary Figure  1).

Screening of DEGs and DEPs
The raw data from OEP000321 were normalized 
using the R package “limma” before data mining 
(Supplementary Figures  2A,B). Then, the normalized data 
were analyzed to screen the DEGs and DEPs using the limma 
software package. Value of p  <  0.05 with | log2 (fold change) 
|  >  1 was statistically significant.

Identification of Survival-Associated 
Oncogenes
To identify the potential survival-associated oncogenes, we  set 
a strict screening criterion. Briefly, the overlapping genes of 
DEGs and DEPs were screened out, and the mRNA-protein 
correlation  >  0.45 of overlapping genes was selected for 

1 https://www.biosino.org/node/project/detail/OEP000321
2 https://www.cancer.gov/about-nci/organization/ccg/research/structural-
genomics/tcga

further study. Combined with TCGA survival data, the selected 
genes were separated into two groups based on p-value. Only 
the survival-associated (value of p  <  0.05) selected genes were 
identified as candidate oncogenes.

Cell Lines and Cell Culture
Hepatocellular carcinoma cell lines Hep3B (HB-8064), Huh-7 
(PTA-4583), SK-Hep-1 (HTB-52), and HepG2 (HB-8065) were 
bought from the American Tissue Culture Collection (ATCC). 
DMEM (Thermo Fisher Scientific, MA, United  States) with 
10% FBS (Thermo Fisher Scientific, MA, United  States) was 
used to culture all the cell lines in a humidified incubator 
containing 5% CO2 at 37°C.

Construction of Plasmids, Transfection 
and Establishment of Stable Cell Line
The full-length cDNA of S100A10 obtained from YFP-human 
S100A10 expression plasmid (Addgene, #107200) was inserted 
into pcDNA3.1 to generate pcDNA3.1-S100A10. The siRNA 
sequence targeting S100A10 was purchased from Merck 
(EHU046811, Darmstadt, Germany). Transfection assay utilized 
Lipofectamine 3000 (Invitrogen, United  States). To establish a 
stable S100A10 overexpression cell line for in vivo tumor growth 
assay, Hep3B cells were transfected with pcDNA3.1-S100A10 
or pcDNA3.1 vector, respectively. About 48 h later, the supernatant 
was substituted with the fresh medium containing G418. Around 
2  weeks later, the survival single clone was digested and 
re-seeded in 35-mm dishes. The siRNA sequences were listed 
as follows: Si-S100A10, 5'-GUGGGCUUCCAGAGCUUCU-3'; 
Si-Control, 5'-GCAGAAGGGAAAGAAGUAG-3'.

Real-Time Quantitative PCR
Total RNA got extraction using TRIzol reagent (Invitrogen, 
United  States). Real-time quantitative PCR (RT-qPCR) applied 
SYBR® Premix Ex Taq Kit (TAKARA). Next, the 2-ΔΔCt method 
was employed to access the relative mRNA expression. The 
primers were listed as follows: S100A10-F: 5'-CACACCTTGATG 
CGTCCTCT-3' and S100A10-R: 5'-GGCAACCGGATGCAAAC 
AAT-3'; β-actin-F: 5'-CTCCATCCTGGCCTCGCTGT-3' and 
β-actin-R: 5'-GCTGTCACCTTCACCGTTCC-3'.

Western Blotting
Cell lysates were obtained using RIPA buffer (Beyotime, China) 
and supplemented with loading buffer. The secreted protein 
in the conditioned medium was collected by ethanol precipitation. 
In short, 95% ethanol was added to the conditioned media 
and kept at 20°C overnight. The precipitated protein was 
collected with SDS loading buffer, and a standard western blot 
was performed immediately. Western blotting was performed 
using SDS-PAGE gel for protein separation and nitrocellulose 
membrane (Millipore, United  States) for western blotting. The 
membrane was blocked with 5% nonfat milk (BD Biosciences, 
United  States) in Tris buffered saline (TBS), and incubated 
with primary antibodies diluted in TBS containing 1% bovine 
serum albumin at 4°C overnight. The Odyssey imaging system 
(LI-COR Biosciences, United  States) was used to detect the 
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bound antibody, and the secondary antibody was labeled with 
DyLight fluorescent dye. The primary antibodies were anti-
S100A10 (1:2,500, GTX100697, GeneTex) and anti-β-actin 
(1:5,000, A5316, Sigma).

Cell Proliferation Assay
Cells were seeded into 96-well plates at a density of 1  ×  103 
cells per well in triplicate. Cell Counting kit 8 (CCK-8, Dojindo, 
Kumamoto, Japan) was used to estimate cell growth. The specific 
operation was as the manufacturer’s instructions. The absorbance 
was selected at 450 nm using a spectrophotometer (Bio-Rad, CA).

In vivo Tumor Growth Assays
NOD/SCID mice (6 weeks) got bought from the Animal Center 
of Shanghai (Shanghai SLAC Laboratory Animal, China). All 
experimental procedures were performed according to the 

Institutional Animal Ethical Committee of Longhua Hospital. 
Stable S100A10 overexpression and the negative control 
(pcDNA3.1) Hep3B cells (5  ×  106 cells/animal) were injected 
subcutaneously into nude mice (four mice/group) to produce 
implanted tumors. Tumor volumes were calculated as follows: 
volume  =  (the larger diameter)  ×  (the smaller diameter)2/2 
(Qin et  al., 2019). Mice were sacrificed by CO2 asphyxiation 
54  days later. Tumor weight and volume were measured, 
respectively.

Cell Migration and Invasion Assays
For migration assays, HCC cells were plated on membranes 
with 8.0 μm pores. For invasion assays, HCC cells were planted 
in Matrigel-coated chambers (Corning Incorporated, Corning, 
NY). Adhered cells were fixed and stained with 0.1% crystal 
violet for 1  min.

A

B

C

FIGURE 1 | S100 calcium binding protein A10 (S100A10) is identified as a potential oncogene in hepatocellular carcinoma (HCC). (A) Volcano plot of the 
differentially expressed genes (DEGs). The red dots were increasing genes, and green dots were reducing genes in HCC tumor samples, respectively. 
(B) Identification of potential oncogene in HCC. Venn diagram of DEGs and differentially expressed proteins (DEPs) with miRNA-protein correlation > 0.45. Pie chart 
of 376 selected genes, including 167 (46 upregulated and 121 downregulated in HCC) survival-associated genes and 209 non-survival-associated genes. (C) Heat 
map of the 46 potential oncogenes.
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FIGURE 2 | S100 calcium binding protein A10 is upregulated in HCC and correlated with poor prognosis. (A) S100A10 expression in HCC tissues and adjacent 
normal tissues. (B) Correlations between S100A10 expression and the overall survival (OS) of HCC patients. (C) S100A10 expression based on the Cancer Genome 
Atlas (TCGA) cohort. (D) Correlations between S100A10 expression and the OS based on TCGA cohort. **p < 0.01.

Statistical Analysis
Statistical analyses were performed with Graphpad 8.2.1 
(San Diego, United  States). Data from three independent 
experiments were expressed as the mean ± SD. We used chi-square 
test or Fisher’s exact test to dissect categorical data. Student 
t-tests were used to evaluate comparisons between the two 
groups. Survival curves were made a comparison by a log-rank 
test. Value of p less than 0.05 was seen as statistically significant.

RESULTS

S100A10 Is Identified as a Potential 
Oncogene in HCC
To explore the novel oncogenes in HCC, we  re-analyzed the 
gene expression profile and the protein expression profile 
(OEP000321) obtained from Fan’s study (Gao et  al., 2019). 
A total of 430 DEGs and 1,271 DEPs were identified between 
HCC tumor samples and non-tumor samples (Figure  1A). 
Furthermore, the 376 overlapping genes with mRNA-protein 
correlation > 0.45 were selected as candidate genes (Figure 1B). 

Combined with TCGA survival data, 167 survival-associated 
genes (p  <  0.05) were screened out, including 46 upregulated 
genes, which were regarded as potential oncogenes in HCC 
(Figure  1C). Among the 46 selected genes, many genes have 
been previously reported as oncogenes in HCC, such as AKR1B10 
(Ye et  al., 2019), ASNS (Zhang et  al., 2013), BCAT1 (Ji et  al., 
2019), and so on. Moreover, we  found a S100 protein family 
member, S100A10 was identified in our analysis. Currently, 
there are only four studies that noted S100A10  in HCC, none 
of which report the functional role of S100A10  in HCC.

S100A10 Is Overexpressed in HCC and 
Correlated With Poor Prognosis
Based on the analytic results, we  analyzed S100A10 data in 
HCC using OEP000321. It was demonstrated that the expression 
of S100A10 was significantly higher in HCC samples, but 
was not significantly associated with overall survival (OS; 
Figures  2A,B). At the gene expression level, a similar result 
was obtained by analyzing HCC data from TCGA (Figure 2C). 
Unlike the OS results in OEP000321, high expressions of 
S100A10 were significantly associated with worse OS in 
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TCGA (Figure  2D). These results above imply that S100A10 
is an oncogene in HCC.

S100A10 Advances HCC Growth in vitro 
and in vivo
To verify our findings above, we  first detected the expression 
of S100A10  in SK-Hep-1, Hep3B, Huh-7, and HepG2 cell 
lines at mRNA and protein levels. We  found that S100A10 
expressed at a low level in Hep3B and Huh-7, while the 
expressions of S100A10  in SK-Hep-1 and HepG2 were 

higher (Figures  3A,B). Overexpression of S100A10 assays was 
performed in Hep3B and Huh-7. Meanwhile, knockdown of 
S100A10 assays was performed in SK-Hep-1 and HepG2 
(Figure 3C). After overexpressing S100A10, Hep3B, and Huh-7 
cell proliferation was increased (Figure 3D), whereas knockdown 
of S100A10 suppressed SK-Hep-1 and HepG2 cell proliferation 
(Figure  3E). Of note, we  found that SK-Hep-1 and HepG2 
almost stopped growing when S100A10 was knocked down 
(Figure  3E). In addition to in vitro experiments, we  also 
examined the influence of S100A10 on tumorigenesis in vivo. 

A

D

E

F

B

C

FIGURE 3 | S100 calcium binding protein A10 advances HCC growth in vitro and in vivo. (A) The mRNA level of S100A10 in HCC cell lines (Hep3B, Huh-7, SK-
Hep-1, and HepG2). (B) The protein level of S100A10 in HCC cell lines. (C) The level of S100A10 in treated HCC cell lines were accessed by western blotting. 
(D) Cell Counting kit 8 (CCK-8) indicated overexpressing S100A10 enhanced the proliferation of Hep3B, Huh-7 cells. (E) Knocking down S100A10 blocked SK-
Hep-1 and HepG2 cell growth. (F) Overexpressing S100A10 enhanced the subcutaneous growth of Huh-7 cells in nude mice. *p < 0.05; **p < 0.01.
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A

B

FIGURE 4 | S100 calcium binding protein A10 promoted cell migration and invasion. (A) Overexpressing S100A10 enhanced the migration and invasion of Hep3B 
cells. (B) Knocked S100A10 reduced the migration and invasion of SK-Hep-1 cells. *p < 0.05; **p < 0.01.

Our preliminary experimental results showed that the S100A10-
knockdown SK-Hep-1 and HepG2 cells failed in tumorigenesis, 
due to the extremely low growth rate. The stable S100A10-
overexpressing Hep3B cells and vector control Hep3B cells 
got injected to form subcutaneous tumors in nude mice. The 
data proved S100A10 expression was positively related to 
subcutaneous tumor size (Figure  3F). Collectively, it is 
demonstrated that S100A10 promotes HCC growth in vitro 
and in vivo.

S100A10 Promoted HCC Migration and 
Invasion
Due to the correlation between S100A10 expression and OS, 
we  hypothesized that S100A10 played a critical role in HCC 
metastasis. Transwell assays showed that S100A10 overexpression 
could increase Hep3B cell migration and invasion (Figure 4A). 
On the contrary, when the expression of S100A10 was knocked 
down in SK-Hep-1 cells, the migration and invasion were 
reduced (Figure 4B). These results illustrate that S100A10 works 
as a pro-metastasis protein in HCC. Currently, the mechanism 
underlying the pro-metastatic ability of Sl00A10 is unknown. 
We  tend toward the explanation that S100A10 HCC metastasis 

directly affecting MMP regulation to influence plasmin generation 
(Miller et  al., 2017).

DISCUSSION

Hepatocellular carcinoma has been considered as the sixth 
commonest solid tumor and the third most lethal malignancy 
worldwide (Osaki and Nishikawa, 2015). Recently, with the 
improvement of early diagnosis, effective monitoring treatments, 
the OS of HCC patients has increased (Kudo, 2017). However, 
the long-term survival rate is still unsatisfactory because of 
the death caused by recurrence and metastasis (Zhu et  al., 
2011). So, it is imperative to uncover the novel pathogenic 
mechanism, particularly to identify novel oncogenes for a better 
understanding of this disease.

S100 protein is a Ca2+ binding regulatory protein that is 
involved in cell cycle progression, cell differentiation, and 
cytoskeleton membrane interactions (Bresnick, 2018). Previous 
studies have reported the aberrant expression of S100 proteins 
in cancer (Tong et  al., 2014; Brenner and Bruserud, 2018) and 
immune-related disease (Manolakis et al., 2011; Yammani, 2012). 
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As a S100 protein (Bydoun and Waisman, 2014; Holthenrich 
and Gerke, 2018), S100A10 has increased expressions in breast 
cancer (McKiernan et  al., 2011), lung cancer (Katono et  al., 
2016), gastric cancer (El-Rifai et al., 2002), and pancreatic ductal 
cancer (Bydoun et  al., 2018).

Nevertheless, the expression of S100A10 and its biological 
functions have not been elucidated in HCC. As the only 
research of S100A10 in HCC, Zhou reported that miR-590-5p 
could directly bind the 3'-UTR of S100A10 mRNA to reduce 
its expression, thereby inhibiting the growth of HepG2 cells 
(Shan et al., 2013). Unfortunately, this study just demonstrated 
the targeting of S100A10 by miR-590-5p, without the biological 
function of S100A10. To make up the functional blank, 
we performed a series of analysis and validation experiments 
and reported a comprehensive study on S100A10  in HCC 
for the first time. Herein, we found that the levels of S100A10 
were substantially higher in HCC samples than that in normal 
samples. Additionally, we  also found that the expression of 
S100A10 was negatively associated with the OS in TCGA 
survival data. Strangely, this result is not consistent with 
the result obtained from Fan’s data (Figures  2A,B). This 
might be due to the incomplete follow-up data. Furthermore, 
we  explored the role of S100A10  in HCC cell growth.

Previous studies reported that S100A10 accumulation was 
involved in gastric cancer cell invasion and migration through the 
succinyltransferase CPT1A and SIRT5-mediated desuccinylation 
(Wang et  al., 2019a). Additionally, S100A10 also regulated the 
metastasis of lung cancer cells by the interaction with DLC1 
(Yang et al., 2011). Recently, Cui’s group reported that S100A10 
was an oncogene in ovarian cancer by promoting tumor metastasis, 
and reduced sensitivity to carboplatin (Wang et  al., 2019b). In 
our study, we  found that S100A10 promoted the migration and 
invasion of Hep3B cells. When S100A10 got knocked down in 
SK-Hep-1 cells, the migrating and invading were reduced.

This study has some limitations. First, we  should detect the 
expression level of S100A10 in normal liver cell lines, and further 
evaluate the expression level of S100A10 in HCC. Second, we need 
to collect clinical samples to explore the correlation between 
S100A10 expression and clinical parameters (including clinical 
stage, age, and survival time). Finally, the mechanisms in the 
cancer-promoting activity of S100A10 are still unknown. Therefore, 
further studies are required for this novel oncogene in HCC.

To sum up, to our knowledge, we  reported for the first time 
the functional role of S100A10  in HCC. This research indicates 
the relevance between S100A10 and HCC patient’s OS. A series 
of functional analyses showed that S100A10 promoted the 
proliferation, invasion, and migration of HCC, indicating that 

it may be  a new therapeutic target for HCC. This research 
emphasizes the oncogene role of S100A10, deepening our 
understanding of S100A10  in hepatocarcinogenesis.
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