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Abstract. – OBJECTIVE: This study was 
aimed to investigate the expression character-
istics of STYXL1 in hepatocellular carcinoma 
(HCC), and to further analyze its regulatory role 
in promoting HCC development by targeting 
CELF2 to activate the phosphatidylinositol 3-ki-
nase (PI3K)/protein kinase B (Akt) pathway.

PATIENTS AND METHODS: Expression levels 
of STYXL1 in 25 pairs of HCC tissue specimens 
and paracancerous normal ones collected from 
HCC patients were examined by quantitative Re-
al Time-Polymerase Chain Reaction (qRT-PCR). 
Meanwhile, qRT-PCR was also performed to fur-
ther verify the expression of STYXL1 in HCC 
cell lines. In addition, after STYXL1 knockdown 
model was constructed by lentivirus transfec-
tion in HCC cell lines Hep3B and Huh7, the Cell 
Counting Kit-8 (CCK-8), cell colony formation, 
5-Ethynyl-2’-deoxyuridine (EdU), and flow cy-
tometry assays were performed to analyze the 
influence of STYXL1 on HCC cell functions. Fur-
thermore, an in-depth study of the relationship 
between STYXL1 and CELF2 was conducted to 
figure out the underlying mechanism.

RESULTS: The results of qRT-PCR revealed 
that the expression level of STYXL1 in HCC sam-
ples was remarkably higher than that in adjacent 
ones, and the difference was statistically sig-
nificant. Compared with HCC patients with low 
expression of STYXL1, patients with high ex-
pression of STYXL1 had a higher overall surviv-
al rate. Similarly, the proliferation ability of HCC 
cells in sh-STYXL1 group remarkably decreased 
compared with controls, while the apoptosis 
ability was oppositely enhanced. In addition, 
Western Blotting results indicated that STYXL1 
could elevate the expressions of PI3K/Akt path-
way-related proteins. Meanwhile, a negative cor-
relation between CELF2 and STYXL1 was identi-
fied in HCC tissues. Finally, the result of cell re-
verse experiments demonstrated that STYXL1 
could affect the malignant progression of HCC 
via modulating CELF2 expression.

CONCLUSIONS: STYXL1 expression was re-
markably upregulated in HCC tissues, as well 
as in cell lines. Its level was closely related to 
the poor prognosis of HCC patients. In addition, 
STYXL1 might be able to accelerate HCC prolif-
eration rate and inhibit cell apoptosis via down-
regulating CELF2 through the PI3K/Akt pathway.
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Introduction

The incidence of hepatocellular carcinoma 
(HCC) has ranked fifth among common malig-
nancies worldwide, and at least 1 million new 
cases have been diagnosed with each year1,2. 
Due to the high infection rate of viral hepati-
tis B, the incidence of HCC in China is higher 
than the average in the world3,4. According to 
the Global Cancer Report released by the World 
Health Organization, liver cancer accounts for 
11.6% based on the incidence and composition 
of malignant tumors in China, ranking fourth. It 
accounts for 15.9% based on the mortality, rank-
ing second4,5. Since hepatic vascular metastasis 
can occur in the early phase of HCC, liver trans-
plantation in the early stage of the tumor is an 
ideal treatment method6-8. Due to social factors 
and economic constraints, only a small number 
of patients in China can receive transplantation 
therapy. Therefore, surgical resection combined 
with chemotherapy has become the most import-
ant treatment8,9. However, due to its low surgical 
resection rate, high recurrence rate, poor patient 
survival rate, and life quality, the overall treat-
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ment effect is still unsatisfied10,11. Therefore, it 
is of significance to uncover the pathogenesis of 
HCC, thus providing potential diagnostic markers 
and therapeutic intervention targets for HCC12. 

With the development of genetic testing tech-
nology, the large-scale genetic testing of clinical 
specimens, screening, and cloning of tumor-re-
lated genes have become possible13,14. The human 
genome consists of approximately 3×109 base 
pairs, encoding approximately 30,000 genes. So 
far, 30 tumor-suppressor genes and more than 100 
oncogenes have been identified15. Isolation and 
identification of tumor-associated genes, along 
with an analysis of the relationship between their 
abnormal expressions and tumor metastasis have 
become a hot topic in the research of tumor mo-
lecular biology16. However, unlike a few diseases 
with single-gene pathogenesis, more and more 
studies have shown that the occurrence, prolifer-
ation, and metastasis of HCC are associated with 
multiple oncogenes and tumor-suppressor genes 
that jointly regulate the occurrence and devel-
opment of HCC17,18. Through literature review, a 
potential role of STYXL1 in the development of 
tumor has been rarely reported19,20. Therefore, in 
this study, we comprehensively analyzed the ex-
pression and biological roles of STYXL1 in HCC, 
and initially explored the molecular mechanism 
of its tumor regulation.

The phosphatidylinositol 3-kinase (PI3K) fam-
ily is widely distributed in a variety of tissues and 
functions as Ser/Thr kinase and phosphatidyli-
nositol kinase activity in different intracellular 
environments21. Protein kinase B (PKB), also 
known as AKT, constitutes the PI3K/Akt signal-
ing pathway. It plays a pivotal role in inhibiting 
cell apoptosis, promoting cell proliferation and 
tumor formation in various tumors including 
HCC, and is involved in regulating tumor inva-
sion and metastasis21. In recent years, CELF2, 
as a key protein in the PI3K/Akt pathway, has 
been studied in various tumors. This study in-
vestigated whether STYXL1 can promote the 
development of HCC by downregulating CELF2, 
and thus may provide experimental evidence for 
its clinical application.

Patients and Methods

Patients and HCC Samples
In this study, 25 pairs of HCC tissue speci-

mens and their corresponding adjacent ones were 
surgically resected from HCC cases and stored 

at -80°C. The collection of clinical specimens 
was approved by the Ethics Monitoring Commit-
tee. Patients and their families have been fully 
informed that their specimens would be used 
for scientific research. All participating patients 
signed informed consent.

Cell Lines and Reagents
Six human HCC cell lines (Bel-7402, HepG2, 

MHCC88H, SMMC-7221, Huh7, Hep3B) and one 
human normal liver cell line (LO2) were pur-
chased from American Type Culture Collection 
(ATCC; Manassas, VA, USA). Dulbecco’s Mod-
ified Eagle Medium (DMEM) medium and fetal 
bovine serum (FBS) were purchased from Amer-
ican Life Technologies (Gaithersburg, MD, USA). 
HCC cell lines were cultured with high-glucose 
DMEM containing 10% FBS, penicillin (100 U/
mL) and streptomycin (100 µg/mL) at 37°C, in 
a 5% CO2 incubator. The cells were passaged 
with 1% trypsin + EDTA for digestion when they 
reached the 80%-90% confluence.

Transfection
The negative control group (sh-NC) and the 

lentivirus containing the STYXL1 knockdown 
sequence (sh-STYXL1) were purchased from 
Shanghai GenePharma Company (Shanghai, Chi-
na). The cells were plated in 6-well plates and 
grown to a cell density of 40%; then, transfection 
was performed according to the manufacturer’s 
instructions. After 48 h, the cells were collect-
ed for quantitative Real Time-Polymerase Chain 
Reaction (qRT-PCR) analysis and cell function 
experiments.

Cell Counting Kit-8 (CCK-8) Assay  
After 48 h of transfection, the cells were col-

lected and plated into 96-well plates at 2000 cells 
per well. The cells were cultured for 24 h, 48 h, 
72 h, and 96 h respectively, and then CCK-8 (Do-
jindo Laboratories, Kumamoto, Japan) reagent 
was added. After incubation for 2 hours, the opti-
cal density (OD) value of each well was measured 
in the microplate reader at 490 nm absorption 
wavelengths. 

Colony Formation Assay
After 48 h of transfection, the cells were col-

lected, and 200 cells were seeded in each well 
of a 6-well plate. The cells were cultured in 
complete medium for 2 weeks. The medium was 
changed once in the first week and then twice a 
week. After 2 weeks, visible colonies were fixed 
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in 2 mL of methanol for 20 minutes. After the 
methanol was aspirated, the cells were stained 
with 0.1% crystal violet staining solution for 20 
minutes, washed 3 times with phosphate-buffered 
saline (PBS), photographed, and counted under a 
light-selective environment.

5-Ethynyl-2’-Deoxyuridine (EdU) 
Proliferation Assay

The EdU proliferation test (RiboBio, Nanjing, 
China) was performed according to the manu-
facturer’s requirements. After transfection for 
24 h, the cells were incubated with 50 μm EdU 
for 2 h and stained with AdoLo and 4’,6-di-
amidino-2-phenylindole (DAPI). The number of 
EdU-positive cells was detected by fluorescence 
microscopy. The EdU-positive ratio was calculat-
ed as the ratio of the number of EdU-positive cells 
to the total DAPI-labeled cells (blue cells).

Flow Cytometry Analysis of 
the Cell Apoptosis

The cells in the logarithmic growth phase 
were plated into 6-well plates. After 24 hours of 
drug treatment, the cells were collected, washed 
twice with PBS, and resuspended in the binding 
solution at room temperature for 15 min in the 
dark. Subsequently, the cells were incubated with 
5 μL of Annexin V-FITC (fluorescein isothiocy-
anate) and 5 μL of Propidium Iodide (PI). The 
cell apoptosis rate was measured by flow cytom-
etry (FACSCalibur; BD Biosciences, Detroit, MI, 
USA).

QRT-PCR
After the cells were accordingly treated, 1 

mL of TRIzol (Invitrogen, Carlsbad, CA, USA) 
was used to lyse the cells, and the total RNA 
was extracted. The initially extracted RNA was 
treated with DNase I to remove genomic DNA 
and repurify the RNA. RNA reverse transcrip-
tion was performed according to the Prime Script 
Reverse Transcription Kit (TaKaRa, Otsu, Shiga, 
Japan) instructions, followed by real time-PCR 
using the SYBR® Premix Ex TaqTM kit (Ta-
KaRa, Otsu, Shiga, Japan). PCR reaction was 
performed using the StepOne Plus Real-time 
PCR System (Applied Biosystems, Foster City, 
CA, USA). The following primers were used for 
qRT-PCR reaction: STYXL1: forward: 5’-CCG-
CCATCATAGCCTACCT-3’, reverse: 5’-CAATC-
CCCGATTTGGACA-3’; CELF2: forward: 
5’-CCCAGAATGCACTGCACAATA-3’, re-
verse: 5’-GATCGGCATGAAACGCTTGAA-3’; 

glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH): forward: 5’-GATTCCACCCATGG-
CAAATCC-3’, reverse: 5’-TGGGATTTCCATT-
GATGACAAG-3’. Three replicate wells were re-
peated for each sample, and the assay was repeat-
ed twice. The Bio-Rad PCR instrument was used 
to analyze and process the data with the software 
iQ5 2.0 (Bio-Rad, Hercules, CA, USA). GAPDH 
and U6 genes were used as internal references, 
and the gene expression was calculated by the 
2-ΔΔCt method.

Western Blot
The transfected cells were lysed using cell 

lysis buffer, shaken on ice for 30 minutes, and 
centrifuged at 14,000 × g for 15 minutes at 4°C. 
The total protein concentration was calculated 
by bicinchoninic acid (BCA) Protein Assay Kit 
(Pierce, Rockford, IL, USA). The extracted pro-
teins were separated using a 10% sodium dodecyl 
sulphate-polyacrylamide gel electrophoresis 
(SDS-PAGE) and subsequently transferred to a 
polyvinylidene difluoride membrane (Millipore, 
Billerica, MA, USA). Western blot analysis was 
performed according to standard procedures. The 
primary antibodies against STYXL1, CELF2, 
PTEN, PI3K, AKT, and GAPDH, and the sec-
ondary antibodies were all purchased from Cell 
Signaling Technology (Danvers, MA, USA).

Statistically Analysis
Statistical analysis was performed using 

GraphPad Prism 5 V5.01 software (La Jolla, CA, 
USA). The differences between two groups were 
analyzed by using the Student’s t-test. The com-
parison between multiple groups was done using 
One-way ANOVA test, followed by the post-hoc 
test (Least Significant Difference). Independent 
experiments were repeated at least three times 
for each experiment, and the data were expressed 
as average ± standard deviation (x– ± s). p<0.05 
was considered statistically significant (*p<0.05, 
**p<0.01 and ***p<0.001).

Results

STYXL1 Was Highly Expressed in 
HCC Tissues and Cell Lines

In order to determine the expression level of 
STYXL1 in HCC, a total of 25 pairs of tumor 
tissue samples and paracancerous ones of HCC 
patients were collected, and the expression dif-
ference of STYXL1 was detected by qRT-PCR. 
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The results showed that STYXL1 had a higher 
expression in HCC tissues than in paracancer-
ous ones (Figure 1A), suggesting that STYXL1 
may act as a cancer-promoting gene in HCC. In 
addition, the high expression of STYXL1 was 
found to be positively correlated with the patho-
logical stage of HCC tissues (Figure 1B). Mean-
while, STYXL1 was found remarkably highly 
expressed in HCC cell lines compared to human 
normal liver cell line (LO2), and the difference 
was statistically significant (Figure 1C). Accord-
ing to the mRNA level of STYXL1, 25 pairs of 
tissue specimens were divided into high expres-
sion and low expression group, and the interplay 
between STYXL1 expression and the prognosis 
of HCC patients was analyzed. As shown in Fig-
ure 1D, high expression of STYXL1 was closely 
related to poor prognosis of HCC patients.

Knockdown of STYXL1 Inhibited 
Cell Proliferation, and 
Promoted Cell Apoptosis

To investigate the cellular functional chang-
es of STYXL1 in HCC, the STYXL1 knock-

down lentiviral vector was constructed. After 
transfection of the STYXL1 knockdown vector 
in Hep3B and Huh7 cell lines, qRT-PCR was 
performed to verify the interference efficiency, 
and the difference was statistically significant 
(Figure 2A). Subsequently, CCK-8, colony for-
mation, EdU, and flow cytometry assays were 
performed. The results indicated that the prolif-
eration ability of HCC cells in the sh-STYXL1 
group was significantly reduced compared with 
that in the sh-NC group (Figure 2B-2D). Howev-
er, the cell apoptotic ability showed an opposite 
trend (Figure 2E).

Knockdown of STYXL1 Inactivated the 
PI3K/Akt Signaling Pathway

In order to investigate the correlation between 
STYXL1 and PI3K/Akt signaling pathway in 
HCC, Western blotting assay was performed. The 
result showed that the knockdown of STYXL1 
could reduce the expression of the key factors 
including PTEN, PI3K, and AKT in the PI3K/
Akt signaling pathway, and thus promoted the 
development of HCC (Figure 3).

Figure 1. STYXL1 is highly expressed in hepatocellular carcinoma tissues and cell lines. A, qRT-PCR was used to detect the 
difference in expression of STYXL1 in hepatocellular carcinoma tumor tissues and adjacent tissues. B, qRT-PCR was used to 
detect the difference in the expression of STYXL1 in patients with different pathological stage hepatocellular carcinoma. C, 
qRT-PCR was used to detect the expression level of STYXL1 in hepatocellular carcinoma cell lines. D, Kaplan Meier survival 
curve of patients with hepatocellular carcinoma based on STYXL1 expression was shown; the prognosis of patients with high 
expression was significantly worse than that of low expression group. Data are mean ± SD, *p<0.05, **p<0.01, ***p<0.001.
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Figure 2. Silencing STYXL1 inhibits hepatocyte cancer cell proliferation and promotes apoptosis. A, qRT-PCR verified 
the interference efficiency of STYXL1 after transfection of STYXL1 knockdown vector in Hep3B and Huh7 cell lines. B, 
CCK-8 assay was performed to detect the effect of silencing STYXL1 on proliferation of hepatocellular carcinoma cells 
in Hep3B and Huh7 cell lines. C, Plate cloning experiment was performed to detect the effect of silencing STYXL1 on the 
number of hepatoma-positive proliferating cells in the Hep3B and Huh7 cell lines (magnification: 10×). D, The EDU assay was 
performed to detect the effect of silencing STYXL1 on proliferation of hepatocellular carcinoma cells in Hep3B and Huh7 cell 
lines (magnification: 40×). E, Flow cytometry assay was performed to detect the effect of silencing STYXL1 on apoptosis of 
hepatocellular carcinoma cells in Hep3B and Huh7 cell lines. Data are mean ± SD, *p<0.05.

Figure 3. Silencing STYXL1 reduces the expression of PI3K/AKT signaling pathway-associated factors. Western Blotting 
assay was used to detect the expression of PTEN, PI3K, and AKT in PI3K/AKT signaling pathway in hepatocellular carcinoma 
cells after knockdown of STYXL1.
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CELF2 Was Lowly Expressed in 
Hepatocellular Carcinoma 
Tissues and Cell Lines

After constructing the STYXL1 knockdown 
model in Hep3B and Huh7 cell lines, Western 
blotting was performed. The result revealed that 
compared with the control group, CELF2 expres-
sion was remarkably upregulated in the STYXL1 
silencing group (Figure 4A), and STYXL1 ex-
pression was also elevated in the CELF2 silenc-
ing group (Figure 4B). In addition, the qRT-PCR 
result showed that the expression level of CELF2 
in tumor tissues of HCC patients was significant-
ly reduced compared with adjacent tissues, and 
the difference was statistically significant (Figure 
4C). Next, it was found by qRT-PCR that CELF2 
was conspicuously downregulated in HCC cell 
lines (Figure 4D). In addition, according to the 
mRNA expression of CELF2, 25 pairs of HCC 
tissue specimens and paracancerous ones were 
divided into high expression and low expression 
group. The relationship between CELF2 expres-
sion and prognosis of HCC patients was analyzed. 
As shown in Figure 4E, low expression of CELF2 
was closely associated with poor prognosis of 
HCC patients. Additionally, the expressions of 
STYXL1 and CELF2 were detected by qRT-PCR, 
and the results showed that STYXL1 and CELF2 
were negatively correlated in HCC tissues (Figure 
4F).

CELF2 Modulated STYXL1 Expression in 
Hepatocellular Carcinoma Tissues and 
Cell Lines

To uncover the regulatory effect of STYXL1 
on promoting the malignant progression of HCC, 
bioinformatics analysis was used to search for 
a potential relationship between STYXL1 and 
CELF2. After co-transfection of STYXL1 and 
CELF2 knockdown vectors in Hep3B and Huh7 
cell lines, STYXL1 expression was detected 
by qRT-PCR (Figure 5A). Later, the results of 
CCK-8 and EdU experiments demonstrated that 
CELF2 could abolish the influence of STYXL1 
on HCC proliferation ability (Figures 5B and 
5C).

Discussion

Hepatocellular carcinoma (HCC) is commonly 
referred to as liver cancer. The mortality rate of 
HCC is the third-highest among all cancers in the 
world. The main cause of HCC-induced death 

is the failure of early diagnosis and treatment, 
especially resistance to chemotherapy drugs and 
metastasis to other organs1-6. Clinically, patients 
with the same diagnosis may have completely 
different processes and prognosis7,8. Therefore, it 
is necessary to further study the mechanism of 
the occurrence and development of HCC, so as to 
achieve early detection, early diagnosis, and early 
treatment for affected patients9-12.

The function of the PI3K/AKT signaling path-
way in cells has been largely reported in litera-
ture21,22. As the main energy metabolism regula-
tion pathway in cells, it is not only closely relat-
ed to the energy metabolism of cells, but also ab-
normally activated in various tumor cells. PI3K/
AKT pathway is closely related to tumor cell 
proliferation, invasion and metastasis, chemical 
resistance, and radiation resistance. Drugs tar-
geting this pathway have been well concerned in 
tumor treatment22. AKT, also known as protein 
kinase B (PKB), is a core protein of the PI3K/Akt 
signal transduction pathway. It was originally 
discovered as a proto-oncogene and has become 
a focus of attention because of its critical regu-
latory role in the metabolism, growth, prolifer-
ation, and protein synthesis of various cells23,24. 
The activity of the PI3K/Akt signaling pathway 
is negatively regulated by the tumor-suppressor 
gene PTEN (a tumor suppressor lipophospha-
tase). As a PIP3-phosphatase, PTEN degrades 
PIP3 to PI-4,5-P2 by dephosphorylation, there-
by blocking the efficient activation of Akt and 
its downstream effector molecules25,26. PTEN 
plays a pivotal role in attenuating PIP3 signaling 
and upregulating PIP2 level, affecting multiple 
functional pathways of cells through methyl-
ation and ubiquitination27. However, whether 
STYXL1 promotes the abnormal activation of 
the PI3K/AKT signaling pathway still remains 
elusive. In this study the result of the Western 
blotting showed that the knockdown of STYXL1 
reduced the expressions of the key factors in the 
PI3K/AKT signaling pathway and inhibited the 
malignant progression of HCC.

Studies have shown that STYXL1 is highly 
expressed in gliomas19, and its high expression is 
associated with poor prognosis of patients. In ad-
dition, abnormally expressed STYXL1 is closely 
associated with poor prognosis in a variety of 
tumors19,20. In the present study, the overexpres-
sion of STYXL1 was found to be able to promote 
the malignant progression of HCC. High level of 
STYXL1 predicted poor prognosis of HCC. In or-
der to further study the molecular mechanism of 
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Figure 4. Interactions between STYXL1 and CELF2. A, Western blotting verified the expression level of CELF2 after 
transfection of STYXL1 knockdown vector in Hep3B and Huh7 cell lines. B, Western blotting verified the expression level 
of STYXL1 after transfection of CELF2 knockdown vector in Hep3B and Huh7 cell lines. C, qRT-PCR was used to detect the 
difference in the expression of CELF2 in tumor tissues and paracancerous tissues of patients with hepatocellular carcinoma. D, 
qRT-PCR was used to detect the expression level of CELF2 in hepatocellular carcinoma cell lines. E, Kaplan Meier survival curve 
of patients with hepatocellular carcinoma based on CELF2 expression was shown; the prognosis of patients with low expression 
was significantly worse than that of high expression group. F, There was a significant negative correlation between the expression 
levels of STYXL1 and CELF2 in hepatocellular carcinoma tissues. Data are mean ± SD, *p<0.05, **p<0.01, ***p<0.001.
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STYXL1 in the development of HCC, the related 
cell in vitro experiments were performed. It was 
found that compared with the sh-NC group, the 
knockdown of STYXL1 in Hep3B and Huh7 cell 
lines inhibited the proliferation of HCC cells and 
promoted cell apoptosis.

Bioinformatics analysis predicted that CELF2 
may interact with STYXL1. CELF2 was found 
to be lowly expressed in tumor tissues of HCC 
patients than in adjacent tissues, and CELF2 
inhibited HCC cell proliferation. In addition, the 
expression levels of STYXL1 and CELF2 were 
negatively correlated in HCC cell lines. Based 
on the above findings, it was concluded that 
STYXL1 could act as a cancer-promoting gene, 
so as to promote HCC cell proliferation and in-
hibit cell apoptosis. In summary, STYXL1 might 
promote the proliferation of HCC and inhibit 
apoptosis by downregulating CELF2 through the 
PI3K/Akt pathway.

Conclusions

The expression of STYXL1 was found re-
markably upregulated in HCC tissues and cell 
lines. STYXL1 was closely associated with the 
poor prognosis of HCC patients. In addition, 
STYXL1 might be able to promote HCC prolif-
eration and inhibit apoptosis by downregulating 
CELF2 through the PI3K/Akt pathway.
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