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Abstract. – OBJECTIVE: Hepatocellular carci-
noma (HCC) is an invasive malignant tumor with 
high mortality rate. Long non-coding RNA (ln-
cRNA) MAFG-AS1 has been showed to play an 
oncogenic role in several malignant tumors. 
Nonetheless, the exact role of MAFG-AS1 in the 
progression of HCC has not been fully elucidated. 

PATIENTS AND METHODS: Real-time quanti-
tative polymerase chain reaction (RT-qPCR) and 
Western blot were used to detect the mRNA and 
protein expression of MAFG-AS1 in HCC tissues 
and cells. Cell counting kit-8 (CCK-8), transwell 
and tubule formation assays were applied to un-
cover the proliferation, migration, invasion and 
tumor angiogenesis of HCC cells, respectively. 
RNA binding protein immunoprecipitation (RIP) 
assay and Luciferase reporter gene assay were 
employed to explore the molecular mechanism. 
In addition, Xenograft assay was used to investi-
gate the effect of MAFG-AS1 in vivo.

RESULTS: MAFG-AS1 was highly expressed 
in HCC tissues and cells. Attenuation of MAFG-
AS1 evidently suppressed the proliferation, mi-
gration, invasion and tumor angiogenesis of 
HCC cells, suggesting that MAFG-AS1 played an 
oncogenic role in HCC. MiR-3196 was sponged 
by MAFG-AS1, and OTX1 was a downstream tar-
get of miR-3196 in HCC. In addition, OTX1 ex-
pression was negatively associated with miR-
3196 but positively associated with MAFG-AS1 
in HCC tissues. Overexpression of OTX1 could 
abolish the repressive influence of MAFG-AS1 
inhibition on the proliferation, migration, inva-
sion and tumor angiogenesis of HCC cells. 

CONCLUSIONS: MAFG-AS1 facilitated the 
progression of HCC via targeting miR-3196/
OTX1 axis, which might be used as a new insight 
for HCC treatment.
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Introduction

Primary liver cancer is the second leading 
cause of death around the world1. In recent years, 
the incidence of liver cancer has been on the rise, 
with about 3% in women and 4% in men2. Hepa-
tocellular carcinoma (HCC), the most typical sub-
type of primary liver cancer, possesses high mor-
bidity and mortality worldwide3. Currently, tran-
scatheter arterial embolization (TAE) and tran-
scatheter chemotherapy embolization (TACE) are 
the primary interventional therapies for HCC pa-
tients. Hepatectomy is more effective for patients 
with HCC at an early stage and those with sat-
isfactory liver function, while TACE is recom-
mended for patients with advanced HCC4. Al-
though it has been reported that TACE is more 
effective in the treatment of 3-5 cm tumors5, the 
long-term survival rate of patients is still far from 
satisfactory. TACE or TAE cannot significant-
ly improve the survival rate of patients with liv-
er cancer in the middle stage6. Besides, the 5-year 
survival rate of HCC patients is lower than 10%, 
which remains dismal7. Therefore, it is meaning-
ful to explore the potential molecular mechanism 
of HCC development and to uncover more effi-
cient therapeutic targets.
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Long noncoding RNAs (lncRNAs) are a type 
of RNA transcripts implicated in various bio-
logical processes, such as cell proliferation, mi-
gration, invasion and apoptosis8,9. They serve as 
vital factors in malignant tumors. Of note, ln-
cRNA LINC01197, regulated by FOXO1, inhib-
its the proliferation of pancreatic adenocarcinoma 
cells via inactivating Wnt/β-catenin signaling10. 
LINC00612 promotes the proliferation and in-
vasion of bladder cancer cells via sponging miR-
590 to upregulate PHF14 expression11. LncRNA 
ZEB1-AS1 promotes the migration, invasion and 
proliferation, and inhibits the apoptosis of blad-
der cancer as a competing endogenous RNA via 
elevating the expression of fascin-1 by spong-
ing miR-200b12. HOXD-AS1 facilitates the epi-
thelial to mesenchymal transition of ovarian can-
cer cells through sponging miR-186-5p and regu-
lating PIK3R313. LncRNA MAFG-AS1 has also 
been confirmed to play a significant role in sever-
al malignancies. Sui et al14 has demonstrated that 
MAFG-AS1 aggravates the proliferation of lung 
adenocarcinoma cells through targeting miR-
744-5p/MAFG axis. MAFG-AS1 enhances the 
development of breast carcinoma via regulating 
miR-339-5p/MMP15 axis15. MAFG-AS1 drives 
the progression of colorectal cancer by sponging 
miR-147b and enhancing the expression of NDU-
FA416. Nevertheless, the exact role of MAFG-AS1 
in the progression of HCC and the possible under-
lying mechanism have not been fully elucidated.

In the present study, we aimed to unveil the 
role and function of MAFG-AS1 in HCC progres-
sion. The results indicated that MAFG-AS1 facil-
itated the progression of HCC via targeting miR-
3196/OTX1 axis. All our findings suggested that 
MAFG-AS1 might become a promising therapeu-
tic target for the treatment of HCC.

Patients and Methods

Patients and Tissue Specimens 
This investigation was approved by the Re-

search Ethics committee of Minhang Hospital, 
Fudan University. HCC tissues and adjacent nor-
mal tissues were obtained from patients. The se-
lection of patients was based on the guideline pro-
posed by the Union for International Cancer Con-
trol (UICC). All patients did not receive adjuvant 
radiotherapy, chemotherapy, or immunotherapy 
before surgery. Informed written consent was ob-
tained from patients before the study.

Cell Culture 
Human normal liver cell line L02 and human 

HCC cell lines (HCCLM3, Hep3B, Huh7 and 
MHCC97-H) were obtained from Shanghai In-
stitutes for Biological Sciences, Chinese Acade-
my of Sciences (Shanghai, China). All cells were 
cultured in Dulbecco s̓ Modified Eagle s̓ Medi-
um (DMEM) medium (Invitrogen, Carlsbad, CA, 
USA) containing 100 μg/mL streptomycin, 100 U/
mL penicillin, and 10% fetal bovine serum (FBS) 
(Gibco, Rockville, MD, USA) in an incubator at 
37°C with 5% CO2. 

Cell Transfection 
Short hairpin RNA targeting MAFG-AS1 (sh-

MAFG-AS1#1, sh-MAFG-AS1#2 and sh-MAFG-
AS1#3) and sh-NC were synthesized from San-
gon Biotech (Shanghai, China). For overexpres-
sion of miR-3196, miR-3196 mimics and NC mim-
ics were transfected into HCC cells. For overex-
pression of OTX1, pcDNA3.1 vector (Genechem 
Company, Shanghai, China) was subcloned with 
OTX1 to construct pcDNA3.1/OTX1 vector. 
Empty pcDNA3.1 vector was employed as a neg-
ative control. Cell transfection was performed ac-
cording to the instructions of Lipofectamine 2000 
(Invitrogen, Carlsbad, CA, USA). After 48 h of 
transfection, the cells were collected for subse-
quent experiments.

Cell Proliferation Assay
The viability of MHCC97-H and Huh7 cells 

was detected in strict accordance with cell count-
ing kit-8 (CCK-8) assay. Briefly, transfected cells 
were first seeded into 96-well plates, and cultured 
for 0 h, 24 h, 48 h, 72 h, and 96 h, respectively. 
At appointed time points, 10 μL of CCK-8 reagent 
(Dojindo Molecular Technologies, Kumamoto, 
Japan) was added to each well, followed by incu-
bation for 4 h in the dark. Absorbance at 450 nm 
was finally evaluated by a micro-plate reader.

Transwell Assay
The migration and invasion of HCC cells 

were examined by the use of chambers coated or 
non-coated with Matrigel, respectively. Briefly, 
cells were plated into the upper chamber with se-
rum-free DMEM. Meanwhile, complete DMEM 
with 10% FBS was added to the lower chamber as 
chemoattractant. After 24 h of incubation, cells 
migrated or invaded through the membrane to the 
lower chamber were stained with 0.1% crystal vi-
olet. Finally, the number of migrated or invaded 
cells was counted under an inverted microscope 
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tion Kit (Applied Biosystems, Foster City, CA, 
USA). Glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH) and U6 were used as internal refer-
ences for MAFG-AS1 and OTX1, and miR-3196, 
respectively. The relative expression of genes was 
calculated by the 2-ΔΔCt method. Primer sequenc-
es used in this study were as follows: MAFG-
AS1 forward: 5’-ATGACGACCCCCAATA-
AAGGA-3’, and reverse: 5’-CACCGACATG-
GTTACCAGC-3’; miR-3196 forward: 5’-CCT-
GTGTATGCATCCTCGACTG-3’, and reverse: 
5’-CTGGCGTGTAATGGAGTCG-3’; OTX1 
forward: 5′-CTGCTCTTCCTCAATCAAT-
GG-3′, and reverse: 5′-ACCCTGACTTGTCT-
GTTTCC-3′; GAPDH forward: 5′-ATGGGAC-
GATGCTGGTACTGA-3′, and reverse: 5′-TGCT-
GACAACCTTGAGTGAAAT-3′; U6 forward: 
5’-CTCGCTTCGGCAGCACA-3’, and reverse 
5’-AACGCTTCACGAATTTGCGT-3’. The other 
miRNAs primers were listed in Table I.

Luciferase Report Gene Assay 
Fluorescent reporter vectors of pmirGLO were 

provided by Promega (Madison, WI, USA), and 
pmirGLO-MAFG-AS1-wild-type (WT), pmir-
GLO-OTX1-WT, pmirGLO-MAFG-AS1-mu-
tant (Mut), and pmirGLO-OTX1-Mut were con-

(Olympus, Tokyo, Japan). 5 fields of view were 
randomly selected for each sample.

RNA Binding Protein 
Immunoprecipitation (RIP) Assay 

RIP assay was conducted according to the in-
structions of a Magna RIP RNA-Binding Pro-
tein Immunoprecipitation reagent kit (Merck 
Millipore, Billerica, MA, USA). HCC cells were 
lysed in RIP buffer and incubated with magnetic 
beads conjugated to Ago2 antibody (ab32381; Ab-
cam Inc., Cambridge, MA, USA) or IgG antibody 
(ab172730; 1:5000; Abcam Inc., Cambridge, MA, 
USA). Finally, immunoprecipitated RNAs were 
evaluated by real-time quantitative polymerase 
chain reaction (RT-qPCR). 

Real-Time Quantitative Polymerase Chain 
Reaction (RT-qPCR)

Total RNAs in tissues and cells were extract-
ed using TRIzol reagent (Invitrogen, Carlsbad, 
CA, USA). Complementary deoxyribose nucleic 
acid (cDNA) of MAFG-AS1 and OTX1 mRNA 
was produced with the RNA reverse transcription 
kit (Applied Biosystems, Foster City, CA, USA), 
while cDNA of miR-3196 was reversely tran-
scribed by TaqMan miRNA Reverse Transcrip-

Table I. The primer primers of miRNAs (except miR-3196) that might bind with MAFG-AS1 were listed.

Gene Primer primers

miR-642a-5p forward: 5’-AAATGTGTCTTGGGGTGGGG-3’ 
 reverse: 5’-AATGATGGCAGAGGCCGAG-3’
miR-143-3p forward: 5’-CAGTGCTGCATCTCTGGTCA-3’
 reverse: 5’-TGCAGAACAACTTCTCTCTTCCT-3’
miR-24-3p forward: 5’-CCGGTGCCTACTGAGCTGAT-3’ 
 reverse: 5’-GTTCCTGCTGAACTGAGCCA-3’
miR-744-5p forward: 5’-CTTCCCTTGGAAAATGATCTGA-3’  
 reverse: 5’-TTATGAGAGTGGCAACAG-3’
miR-4640-5p forward: 5’-CAGCTGGTGGGTGGGAAGTA-3’ 
 reverse: 5’-CTGTGGGCCAGGAAACAGG-3’
miR-4770 forward: 5’-GCTTTTTAAATGGGGCACAG-3’  
 reverse: 5’- CGAAATTGGCGATACGTGA-3’
miR-5586-5p forward: 5’-GCTTTTTAAATGGGGCACAG-3’  
 reverse: 5’-CGAAATTGGCGATACGGGT-3’
miR-147b forward: 5’-GTGGAAACATTTCTGCACAAA-3’  
 reverse: 5’-TTCCGGCAGGGCATATGGA-3’
miR-1270 forward: 5’-TGCAAAGAGCCACATAGAAGAT-3’ 
 reverse: 5’-CTGGAGATATGGAAGAGCTGTGT-3’
miR-650 forward: 5’-TGGGGTCTCAGGAGGCAG-3’ 
 reverse: 5’-TGAGTGAGGAGGGTGAGGAG-3’
miR-18a-5p forward: 5’-TCCGAGATAGACGTGATCTA-3’
 reverse: 5’-GTGCAGGGTCCGAGGT-3’
miR-18b-5p forward: 5’-CCAGAAGGGGCATTTAGGGC-3’
 reverse: 5’-AGGTGCATCTAGTGCAGTTAGT-3’
miR-331-3p forward: 5’-GAGCTGAAAGCACTCCCAA-3’ 
 reverse: 5’-CACACTCTTGATGTTCCAGGA-3’
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structed by Genepharma Company. Obtained 
pmirGLO-MAFG-AS1-wild-type (WT), pmir-
GLO-OTX1-WT, pmirGLO-MAFG-AS1-mutant 
(Mut), and pmirGLO-OTX1-Mut were co-trans-
fected with miR-3196 mimics and NC mimics in-
to HCC cell lines, respectively. 48 h after trans-
fection, Luciferase activity of cells was detected 
in accordance with Dual-Luciferase Activity As-
say Kit (Promega, Madison, WI, USA).

Nuclear-Cytoplasmic Fractionation
Nuclear-cytoplasmic fractionation assay was per-

formed with PARIS™ Kit (Invitrogen, Carlsbad, CA, 
USA). Briefly, HCC cells were lysed in cell fraction-
ation buffer, and the supernatant was harvested. Then, 
the cell lysates were put into the cell fractionation buf-
fer and centrifuged. Next, cell disruption buffer was 
supplemented to lyse cell nuclei. Separated RNA was 
finally determined by RT-qPCR. GAPDH or U6 were 
employed as internal controls.

Tubule Formation Assay
Capillary tubule formation assay was imple-

mented to determine the function of MAFG-AS1 
on HCC angiogenesis. Briefly, Matrigel was sup-
plemented into each well and allowed to solidi-
fy at 37°C for 1 h. Then, HCC cells were seed-
ed into each well and incubated in supernatants 
of MAFG-AS. Tubule formation was finally ob-
served under an inverted microscope (Olympus 
Corporation, Tokyo, Japan).

Immunohistochemistry (IHC) Assay
Fresh tissues obtained from nude mice were 

first fixed in paraformaldehyde. Afterwards, fixed 
tissue samples were dehydrated in ethanol solu-
tions, inset in paraffin. Next, these specimens 
were cut into 4-μm thickness sections and incu-
bated with primary antibodies against Ki67 (San-
ta Cruz Biotechnology, Santa Cruz, CA, USA), 
PCNA (Santa Cruz Biotechnology, Santa Cruz, 
CA, USA), E-cadherin, or N-cadherin overnight 
at 4°C. On the next day, the sections were incu-
bated with horseradish peroxidase (HRP)-conju-
gated secondary antibodies. Finally, the sections 
were visualized using OLYMPUSBX-41 micro-
scope (Olympus, Tokyo, Japan).

Xenograft Assay in Mice 
This experiment was approved by the Ethics 

Committee of Fudan University. Nude mice were 
bought from Shi Laike Company (Shanghi, Chi-
na), and fed in the laboratory of Fudan Universi-
ty. Cells transfected with sh-MAFG-AS1#1 or sh-

NC or sh-MAFG-AS1#1+pcDNA3.1/OTX1 were 
subcutaneously injected into the flanks of nude 
mice. The growth of tumors was recorded every 
4 days. After 28 days of inoculation, short-acting 
but powerful sodium pentobarbital was injected 
into the abdomens of nude mice. Next, the breath 
of nude mice was ceased by the euthanasia treat-
ment. After the mice were killed, tumors were re-
sected for subsequent in vivo analysis. 

Statistical Analysis 
Statistical Product and Service Solutions (SPSS) 

21.0 statistical software (IBM Cop. Armonk, NY, 
USA) was used for all statistical analysis. Da-
ta were expressed as mean ± standard deviation 
from at least three independent experiments. Stu-
dent’s t-test was used to compare the difference 
between two groups. One-way analysis of vari-
ance was applied for comparison among different 
groups. The correlation between MAFG-AS1 and 
miR-3196, MAFG-AS1 and OTX1 as well as miR-
3196 and OTX1 was analyzed with Pearson’s cor-
relation analysis. p<0.05 was considered statisti-
cally significant.

Results

The Expression of MAFG-AS1 Was 
Elevated in HCC Tissues and Cells 

To investigate the role of MAFG-AS1 in HCC, 
its expression in HCC tissues and cells was first 
evaluated by RT-qPCR. The results showed that 
MAFG-AS1 was highly expressed in HCC tissues 
and cell lines (HCCLM3, Hep3B, Huh7 and MH-
CC97-H) (p<0.05, Figure 1A). MHCC97-H and 
Huh7 cells presented higher expression of MAFG-
AS1, which were selected for subsequent experi-
ments. Subsequently, MAFG-AS1 was knocked 
down in MHCC97-H and Huh7 cells, disclosing 
the downregulation of MAFG-AS1 in vitro (Fig-
ure 1B). Sh-MAFG-AS1#1 and sh-MAFG-AS1#2 
showed better knockdown efficiency of MAFG-
AS1, which were chosen for the following loss-of-
function assays. 

Deficiency of MAFG-AS1 Suppressed 
the Progression of HCC

CCK-8 assay was used to detect the prolifer-
ation ability of HCC cells. The results indicat-
ed that MAFG-AS1 deficiency significantly re-
pressed the proliferation of HCC cells (p<0.05, 
Figure 1C). Similarly, transwell assay displayed 
that the number of migrated and invaded HCC 
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Figure 1. The expression of MAFG-AS1 was elevated in HCC tissues and cells. Deficiency of MAFG-AS1 suppressed 
the progression of HCC. A, RT-qPCR disclosed the expression of MAFG-AS1 in HCC tissues and adjacent non-tumor tis-
sues, as well as in HCC cell lines and normal liver cells. p<0.01. B, RT-qPCR exhibited the expression of MAFG-AS1 in 
HCC cells. p<0.01. C, CCK-8 assay illustrated the proliferation of HCC cells, (magnification: 40×). D-E, Transwell assay 
manifested the migration and invasion of HCC cells. p<0.01, (magnification: 40×). F, Western blot assay demonstrated an-
giogenesis ability in HCC cells. G, Tubule formation assay illustrated capillary tubule formation capacity in HCC cells 
p<0.01, (magnification: 10×).
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cells decreased significantly by MAFG-AS1 de-
pletion (p<0.05, Figure 1D, E). Moreover, West-
ern blot assay demonstrated that MAFG-AS1 
down-regulation significantly reduced the pro-
tein level of angiogenesis-related proteins (VEGF, 
Ang1 and FGF2) (p<0.05, Figure 1F). Tubule for-
mation assay illustrated that MAFG-AS1 attenu-
ated capillary tubule formation in HCC cells (Fig-
ure 1G). In conclusion, MAFG-AS1 down-regula-
tion inhibited cell proliferation, migration, inva-
sion and tumor angiogenesis in HCC.

MAFG-AS1 Functioned as a Sponge for 
MiR-3196

To elucidate the role of MAFG-AS1 in HCC, 
its expression in HCC tissues and cells was 
evaluated by RT-qPCR. The results manifested 
that the expression of MAFG-AS1 was predom-
inantly higher in HCC tissues than that in ad-
jacent non-tumor tissues (p<0.05, Figure 2A). 
RT-qPCR detected the expression of miR-3196 
in HCC tissues and cells as well. The results 
indicated that miR-3196 was lowly expressed 
in HCC tissues and cells (p<0.05, Figure 

Figure 2. There was a correlation between the expressions of MAFG-AS1, miR-3196 and OTX1. A-B, The expression of 
MAFG-AS1 and miR-3196 in HCC tissues and adjacent non-tumor tissues was detected by RT-qPCR. p<0.01. C, Pearson’s 
correlation analysis showed the correlation between MAFG-AS1 and miR-3196. p<0.001. D, The expression of OTX1 in HCC 
tissues and adjacent non-tumor tissues was detected by RT-qPCR. p<0.01. E, Pearson’s correlation analysis proved the correla-
tion between OTX1 and MAFG-AS1/miR-3196. p<0.001.

2B). Pearson’s correlation analysis disclosed 
that there was a negative correlation between 
MAFG-AS1 and miR-3196 in HCC (Figure 2C). 
Theoretically, lncRNAs, which are mainly lo-
cated in the cytoplasm, can serve as compet-
ing endogenous RNAs (ceRNAs) to sponge 
miRNAs. Nuclear-cytoplasmic fractionation 
was implemented to investigate the localization 
of MAFG-AS1. The results demonstrated that 
MAFG-AS1 was preferentially situated in the 
cytoplasm (Figure 3A). Accordingly, bioinfor-
matics analysis of starBase was employed to ex-
plore the miRNAs that could bind with MAFG-
AS1 in HCC. RT-qPCR was utilized to exam-
ine the expression of miRNAs by co-transfec-
tion with sh-MAFG-AS1#1. The results showed 
that miR-3196 expression increased significant-
ly in both cells (p<0.05, Figure 3B). Therefore, 
miR-3196 was further explored in the present 
study. The potential binding site for MAFG-
AS1 and miR-3196 was presented in Figure 
3C. Subsequent RT-qPCR results showed that 
miR-3196 expression was notably reduced in 
both HCC tissues and HCC cells (p<0.05, Fig-
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Figure 3. MAFG-AS1 functioned as a sponge for miR-3196. A, Nuclear-cytoplasmic fractionation assay was implemented 
to detect the location of MAFG-AS1 in cytoplasm. B, RT-qPCR was carried out to evaluate the expression of potential target 
miRNAs of MAFG-AS1. p<0.01. C, The predicted binding site for MAFG-AS1 and miR-3196. D, The expression of miR-3196 
in HCC tissues and adjacent non-tumor tissues, as well as in HCC cell lines and normal liver cells was determined by RT-qP-
CR. p<0.05, p<0.01. E, Pearson’s correlation analysis was used to investigate the correlation between MAFG-AS1 and miR-
3196. p=0.027. F-G, Luciferase reporter gene assay and RIP assay were applied to verify whether MAFG-AS1 could bind with 
miR-3196. p<0.01.
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ure 3D). Pearson’s correlation analysis dis-
closed that there was a negative correlation be-
tween MAFG-AS1 and miR-3196 (Figure 3E). 
Additionally, transfection of miR-3196 mim-
ics distinctly inhibited the Luciferase activity 
of pmirGLO-MAFG-AS1-WT (p<0.05). How-
ever, pmirGLO-MAFG-AS1-Mut exhibited no 
evident response to miR-3196 (p>0.05, Figure 
3F), suggesting that MAFG-AS1 could sponge 
miR-3196. RIP assay was carried out to vali-
date whether MAFG-AS1 and miR-3196 were 
both implicated in the RNA-induced silencing 
complex (RISC). The results showed that both 
MAFG-AS1 and miR-3196 were accumulated 
in anti-Ago2 immunoprecipitates in compari-
son with anti-IgG group (p<0.05, Figure 3G). 
Taken together, MAFG-AS1 functioned as a 
sponge for miR-3196 in HCC.

OTX1 Was a Downstream Target 
of MiR-3196

Numerous studies have unveiled that miR-
NAs sponged by lncRNAs can interact with tar-
get mRNAs. As the above findings have verified 
the sponging function of MAFG-AS1 to miR-3196, 
the downstream target of miR-3196 in HCC needs 
to be clarified. Based on microT, miRmap and Pic-
Tar, there were two potential downstream targets 
(BBC3 and OTX1) for miR-3196 (Figure 4A, 4B). 
RT-qPCR showed that overexpression of miR-3196 
significantly decreased OTX1 expression (p<0.05). 
However, no significant changes were observed in 
BBC3 expression in both cells (p>0.05, Figure 4C). 
Therefore, OTX1 was chosen for further investi-
gation. As shown in Figure 4D, there was a po-
tential binding site between miR-3196 and OTX1. 
Subsequently, the expression of OTX1 in HCC tis-
sues and adjacent non-tumor tissues was explored. 
The results indicated that OTX1 expression in-
creased remarkably in HCC tissues compared with 
adjacent non-tumor tissues (p<0.05, Figure 4E). 
OTX1 was highly expressed in HCC cells as well 
(p<0.05, Figure 4F). Moreover, there was a nega-
tive correlation between miR-3196 and OTX1, but 
a positive correlation between MAFG-AS1 and 
OTX1 (Figure 4G). In addition, overexpression of 
miR-3196 reduced the Luciferase activity of pmir-
GLO-OTX1-WT (p<0.05). However, no signifi-
cant change was observed in the Luciferase activ-
ity of pmirGLO-OTX1-Mut (p>0.05, Figure 4H). 
RIP assay manifested that MAFG-AS1, miR-3196 
and OTX1 were all enriched in anti-Ago2 group 
but not in anti-IgG group (Figure 4I). To sum up, 
OTX1 was a downstream target of miR-3196.

MAFG-AS1 Aggravated the Progression 
of HCC Via Targeting 
MiR-3196/OTX1 Axis

We probed whether MAFG-AS1 aggravated 
the progression of HCC via targeting miR-3196/
OTX1 axis through rescue assays. pcDNA3.1/
OTX1 was transfected into MHCC97-H cells to 
up-regulate OTX1 expression (Figure 5A). CCK-
8 assay indicated that overexpression of OTX1 
could counteract the inhibition of MAFG-AS1 
silence on the proliferation of MHCC97-H cells 
(Figure 5B). Transwell assay illustrated that up-
regulation of OTX1 could recover the inhibitory 
function of MAFG-AS1 attenuation on cell mi-
gration and invasion (Figure 5C, 5D). Moreover, 
down-regulated expression of angiogenesis-relat-
ed proteins (VEGF, Ang1 and FGF2) owing to 
MAFG-AS1 inhibition was reversed by OTX1 
upregulation. Overexpression of OTX1 offset 
the suppressive effect of MAFG-AS1 depletion 
on the protein expression of OTX1 (Figure 5E). 
MAFG-AS1 attenuated capillary tubule forma-
tion in HCC cells, while this effect was abolished 
by enhancement of OTX1 (Figure 5F). Next, in 
vivo assays were employed to further verify the 
regulatory role of MAFG-AS1. As shown in Fig-
ure 6A-6C, upregulation of OTX1 could restore 
the repressive effect of MAFG-AS1 knockdown 
on tumor growth, volume, and weight. Likewise, 
OTX1 overexpression could rescue the effect of 
MAFG-AS1 silence on the expression of Ki67, 
PCNA, E-cadherin and N-cadherin. These results 
suggested that up-regulated OTX1 could counter-
vail the restraining influence of MAFG-AS1 de-
ficiency on cell proliferation and EMT process 
(Figure 6D). In summary, MAFG-AS1 promoted 
the progression of HCC via targeting miR-3196/
OTX1 axis.

Discussion 

Increasing studies have illustrated that a large 
number of lncRNAs are aberrantly expressed in 
HCC. These lncRNAs participate in the tumor-
igenesis and development of HCC by serving as 
ceRNAs. Of note, lncRNA AGAP2-AS1 facili-
tates the proliferation and metastasis of HCC cells 
via upregulating ANXA11 expression through 
sponging miR-16-5p17. LncRNA MIR31HG sup-
presses HCC proliferation and metastasis via 
sponging miR-575 to regulate ST7L expression18. 
LncRNA KTN1-AS1 facilitates the progression 
of HCC via regulating miR-23c/ERBB2IP axis19. 
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Figure 4. OTX1 was a downstream target of miR-3196. A, Candidate genes targeted by miR-3196 were shown by the Venn 
diagram. B, Two candidate genes targeted by miR-3196 were presented. C, RT-qPCR displayed the expression of the two can-
didate genes. p<0.01. D, The predicted binding site for miR-3196 and OTX1 was exhibited. E-F, The expression of OTX1 in 
HCC tissues and adjacent non-tumor tissues, as well as in HCC cell lines and normal liver cells was detected by RT-qPCR. 
p<0.01. G, Pearson’s correlation analysis was employed to investigate the correlation between miR-3196 and OTX1, as well as 
MAFG-AS1 and OTX1. p=0.002 (left), p<0.01 (right). H-I, Luciferase reporter gene assay and RIP assay were conducted to 
confirm whether miR-3196 could bind with OTX1. p<0.01.
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LncRNA CRNDE aggravates the proliferation, 
migration and invasion of HCC cells via targeting 
miR-217/MAPK1 axis20. Existing literature has 
clarified that lncRNA MAFG-AS1 can act as a 
ceRNA to promote the progression of human can-
cers, such as lung adenocarcinoma cell14, breast 
carcinoma15 and colorectal cancer16. Therefore, it 
is of great possibility that MAFG-AS1 mediates 
HCC development through the ceRNA network. 
In the current study, MAFG-AS1 was highly ex-
pressed in HCC tissues and cells. Biological func-
tion assay indicated that MAFG-AS1 deficiency 
abundantly alleviated the proliferation, migration 
and invasion as well as angiogenesis of HCC cells. 
All these findings demonstrated that MAFG-AS1 
could promote the progression of HCC. 

MicroRNAs (miRNAs) are a kind of endoge-
nous small noncoding RNA molecules with 19-26 
nucleotides in length. They have been confirmed 
to negatively regulate the expression of target 
genes21. A growing number of studies have at-
tested that lncRNAs exert their functions through 
interacting with miRNAs22-24. However, wheth-
er MAFG-AS1 contributes to HCC via interac-
tion with miRNA remains to be investigated. Re-
cent reports have uncovered that miR-3196 elic-
its repressive effect on tumor progression. MiR-
3196 overexpression inhibits the proliferation 
and promotes the apoptosis of breast cancer cells 
via targeting ERBB325. MiR-3196 was lowly ex-
pressed in gastric cancer and was negatively reg-
ulated by lncRNA ADPGK-AS126. In the pres-

Figure 5. MAFG-AS1 aggravated the progression of HCC via targeting miR-3196/OTX1 axis. A, Transfection efficiency of 
OTX1 was tested by RT-qPCR. p<0.01. B, The changes in the proliferation of MHCC97-H cells were determined by CCK-8 
assay. p<0.01. C-D, The changes in the migration and invasion of MHCC97-H cells were explored by transwell assay. p<0.01, 
(magnification: 40×) E, Western blot assay demonstrated angiogenesis ability in MHCC97-H cells. F, Tubule formation assay 
determined the capillary tubule formation capacity in MHCC97-H cells. p<0.01, (magnification: 10×).
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ent study, bioinformatics prediction and molecu-
lar assays demonstrated that miR-3196 could bind 
with MAFG-AS1 in HCC. Moreover, there was 
a negative association between MAFG-AS1 and 
miR-3196 in HCC. All the results suggested that 
MAFG-AS1 directly targeted miR-3196 in HCC.

Orthodenticle homolog 1 (OTX1) has been 
uncovered to be tightly correlated with the pro-
gression of several malignancies. Of note, inhibi-
tion of OTX1 suppresses the proliferation, migra-
tion and invasion of gastric cancer cells27. OTX1 
contributes to the progression of colorectal can-
cer by promoting epithelial-mesenchymal transi-
tion28. The present study verified that miR-3196 
could target OTX1. OTX1 was highly expressed 
in HCC tissues and cells. OTX1 was negative-
ly associated with miR-3196 and positively asso-
ciated with MAFG-AS1. Rescue assays in vitro 

and in vivo further delineated that overexpression 
of OTX1 could recover the suppressive effect of 
MAFG-AS1 silence on HCC progression. 

Conclusions

MAFG-AS1 facilitated the progression of HCC 
via targeting miR-3196/OTX1 axis. Ouyang et al29 
uncovered high expression of MAFG-AS1 in HCC 
tissues and cells, and has confirmed its role in pro-
moting the proliferation, migration and invasion of 
HCC cells. In the present study, we further investi-
gated target miRNAs of MAFG-AS1, and validat-
ed the ceRNA mechanism of MAFG-AS1 in HCC. 
MAFG-AS1 exerted its oncogenic role in HCC 
progression via regulating OTX1 expression. The 
novelty was that the ceRNA network of MAFG-

Figure 6. Downregulation of MAFG-AS1 suppressed the progression of HCC in vivo. A, Tumor growth curve was depicted 
when mice were injected with MHCC97-H cells transfected with different plasmids. p<0.001. B, Tumor volume (p<0.001) and 
C, Weight (p<0.001). D, Immunohistochemistry assay was performed to evaluate the changes in the expression of ki67, PC-
NA, E-cadherin and N-cadherin, (magnification: 400×).
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AS1 exists in HCC and MAFG-AS1 is expected to 
become a new biomarker for HCC treatment. 
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