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INTRODUCTION 
 

Ovarian cancer (OC) is a malignant tumor of the 

reproductive system with high morbidity and fatality 

rate in female individuals [1]. Due to the lack of 

specific symptoms and screening methods in the early 

stage, OC is usually diagnosed in the advanced stage. 

Meanwhile, the recurrence rate is as high as 70% due to 

drug resistance to chemotherapy, which is the main 

reason why ovarian cancer is difficult to cure [2]. 

Although surgery combined with conventional 

chemotherapy has made significant progress in OC 

therapy, the vast majority of advanced patients relapse 

within 5 years due to the widespread metastasis of OC 

[3, 4]. Although many biomarkers have been identified 

as important predictors of OC, few can be used as 

independent predictors. Therefore, the development of 

early biomarkers of ovarian cancer would provide help 

for OC early diagnosis and therapy. 

 

Long non-coding RNA (LncRNA) belongs to a non-

coding RNA with a length of more than 200bp, which 

plays an important role in many diseases, especially in 

tumors [5, 6]. In recent years, the abnormal 

expression of LncRNA in malignant tumors has 

attracted wide attention [7]. At present, it is believed 

that LncRNA is associated with the occurrence and 
development of tumors, and it participates in the 

biological behaviors of many kinds of malignant 

tumors, such as gene transcription, cell proliferation, 
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ABSTRACT 
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has not been declared. Here, we explore the function and mechanism of MAFG-AS1 in ovarian cancer. MAFG-
AS1 levels were upregulated in tumor tissues than adjacent normal tissues isolated from ovarian cancer 
patients. Silencing of MAFG-AS1 prevented cell proliferation, migration and invasion in ovarian cancer cells. 
Furthermore, we declared that MAFG-AS1 knockdown reduced autophagy, inhibited epithelial-mesenchymal 
transition in SKOV3 cells. MiR-24-3p, B4GAT1, the downstream target of MAFG-AS1 was verified by luciferase. 
Taken together, our research demonstrated the mechanism of MAFG-AS1 in ovarian cancer. MAFG-AS1 
knockdown could prevent tumor development by inhibiting autophagy and the epithelial-mesenchymal 
transition pathway. 
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cell differentiation, cell cycle regulation, apoptosis, 

metabolism, drug resistance [7]. Chen et al. revealed 

that PVT1 is significantly upregulated in OC. 

Through online prediction that PVT1 has a miR-214 

binding site, PVT1 promotes OC cell proliferation, 

migration, invasion and inhibits OC cell apoptosis by 

binding miR-214 [8]. Tao et al. found that MALAT1 

was upregulated in OC, and the proliferation ability of 

ovarian cancer cells decreased after knockout of 

MALAT1. It was predicted online that miR-211 could 

bind directly, and then it was confirmed that miR-211 

could target PHD finger protein 19 (PHF 19), Ghislin, 

one of the members of multicomb inhibition complex 

2. It was suggested that silencing PHF19 could inhibit 

melanoma cell proliferation and improve the ability of 

melanoma cells to migrate across endothelium. In the 

study of Tao et al., PHF19 was upregulated after 

knockout of miR-211, and the ability of cancer cell 

proliferation and migration was enhanced. It is 

suggested that MALAT1/miR-211/PHF19 axis is 

involved in controlling cancer cell proliferation and 

progression in ovarian cancer [9]. Hu et al. found that 

MALAT1 regulates the expression of ubiquitin E3 

ligase MARCH7 and autophagy-associated protein 

ATG7 by binding to miR-200a. MARCH7 and ATG7 

are overexpressed in ovarian cancer. It is predicted 

online that the binding sites of MARCH7 and 

MALAT1 are the same with miR-200a [10].  

 

Epithelial-mesenchymal transition (EMT) refers to the 

process of transforming epithelial cells into stromal 

cells and gaining the ability of invasion and migration. 

EMT performs crucial function in tumor development 

[11, 12]. The EMT process results in changes in cell 

morphology, loss of adhesion, and stem cell-like 

characteristics. Most of cells undergoing EMT process 

showed decreased epithelial genes level, such as E-

cadherin, cytokeratin, ZO-1 and dense protein, and 

increased mesenchymal gene levels, including N-

cadherin, vimentin, fibronectin and MUC1 [13]. 

LncRNAs regulated tumor progression via EMT 

progression. Ga Won Yim et al. studied the expression 

of HOXA11 as in ovarian cancer and its relationship 

with the occurrence and development of OC, and found 

that HOXA11as could promote MMP-2, MMP-9 and 

vascular endothelialgrowth factor (VEGF) can promote 

the EMT process of ovarian cancer [14]. Yanhui Lou et 

al. found that the high expression of LINC-ROR in OC 

can promote the EMT process of ovarian cancer [15]. 

 

As an oncogenic lncRNA, MAFG-AS1 promotes tumor 

growth in different cancer. While its role in OC is still 

unknown. Here, we investigate the function of MAFG-

AS1 in OC. We conducted the effect of MAFG-AS1 on 

autophagy and EMT through miR-24-3p/ B4GAT1 

pathway in OC. 

RESULTS 
 

MAFG-AS1 is abnormal upregulation in OC tissues 

and cell lines 

 

Firstly, we used bioinformatics to detect the lncRNA 

genes level in tumor tissues and adjacent tissues from 

OC patients (Figure 1A). MAFG-AS1 was significantly 

higher than other lncRNAs. Suggesting LncRNA 

MAFG-AS1 may involve in the progression of OC. 

Then we detected the expression level of MAFG-AS1 in 

32 paired OC patients. The upregulated MAFG-AS1 

was observed in prostate tissues of OC patients (Figure 

1B). Meanwhile, we detected the MAFG-AS1 level in 

different OC cell lines (A2780, OVCAR3, SKOV3). 

Compared with IOSE80 cells, the expression of MAFG-

AS1 was increased in A2780, OVCAR3, SKOV3 cell 

lines (Figure 1C). Further, we found that epithelial-

mesenchymal transition (EMT)-related proteins  

(N-cadherin, MMP2, MMP7) were increased and  

E-cadherin was decreased in OC cell lines (Figure 1D). 

Meanwhile, RNA-seq analysis validated that the 

expression of MAFG-AS1 was elevated in ovarian 

cancer SKOV3 cell line compared with normal ovarian 

epithelial cell IOSE80 line (Figure 1E).  

 

Knockdown of MAFG-AS1 regulated the 

progression of OC 

 

Next, we constructed the siRNA for silencing the 

expression of MAFG-AS1. QRT-PCR was performed to 

explore the level of MAFG-AS1 in SKOV3 cells (Figure 

2A). CCK-8 assay was employed to detected cell 

viability. The knockdown of MAFG-AS1 inhibited cell 

viability in OC cell lines (Figure 2B). Further clone 

formation analysis showed that si-MAFG-AS1 prevented 

clone formation (Figure 2C). EdU assay results showed 

that si-MAFG-AS1 remitted cell proliferation in SKOV3 

cells (Figure 2D) The treatment of si-MAFG-AS1 

prevented sphere formation ability of OC cells (Figure 

2E). The knockdown of MAFG-AS1 inhibited the 

migration and invasion capacity of OC cell lines, as 

shown with the Transwell chamber assay (Figure 2F). 

Determination of apoptotic protein level with Western 

blot. The results showed that si-MAFG-AS1 induced 

apoptosis in OC cells (Figure 2G). Silencing of MAFG-

AS1 also remitted the EMT progression in SKOV3 cells 

(Figure 2H). Further, we found that si-MAFG-AS1 

prevented autophagy-associated protein expression in OC 

cells (Figure 2I). Taken together, knockdown of MAFG-

AS1 could block OC progression in vitro. 

 

MAFG-AS1 interacts with miR-24-3p in OC cells 
 

Next, we found that MAFG-AS1 was located in 

cytoplasm (Figure 3A). MiR-24-3p, miR-143-3p, and 
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Figure 1. MAFG-AS1 is upregulated in OC tissues and cell lines. (A) Heat map of lncRNA chips. (B) Relative MAFG-AS1 expression was 

examined by qRT-PCR in OC tissues compared with the normal tissues. n = 32, **P<0.01. (C) MAFG-AS1 expression in OC cell lines was 
quantified by qRT-PCR. n = 4, *P<0.05. (D) The protein level of E-cadherin, N-cadherin, MMP2, MMP7 in OC cell lines. (E) Heatmap of 
differentially expressed lncRNAs in the RNA-seq analysis of OC cell lines. 
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miR-147b were predicted as a target of MAFG-AS1 by 

bioinformatics website (Figure 3B). Then we detected 

the level of miR-24-3p, miR-143-3p, and miR-147b in 

SKOV3 cells after si-MAFG-AS1 transfection. The 

results performed that the level of miR-24-3p, not miR-

143-3p, and miR-147b was down-regulation after 

MAFG-AS1 overexpression (Figure 3C). We observed 

that miR-24-3p was significant down-regulation in OC 

cell lines (Figure 3D). Database revealed that there was 

a negative relationship between MAFG-AS1 and miR-

24-3p (Figure 3E). Bioinformatics prediction of binding 

sites between MAFG-AS1 and miR-24-3p were shown 

in Figure 3F. Luciferase assay report performed that 

MAFG-AS1 could interact with miR-24-3p (Figure 3F). 

Next, we used anti-AGO2 RIP in cells. Endogenous 

MAFG-AS1 pull-down by AGO2 was enriched in cells 

after miR-24-3p transfection, indicating the interaction 

of MAFG-AS1 with miR-24-3p (Figure 3G). Biotin pull 

down assay also verified similar results (Figure 3H). 

Immunofluorescence in situ hybridization confirmed the 

double RNA co-localization of MAFG-AS1 and miR-

24-3p to verify the interaction between MAFG-AS1 and 

miR-24-3p (Figure 3I). 

MiR-24-3p could bind with 3’UTR of B4GAT1 

 

TargetScan, PITA, miRanda, miRap websits were 

carried out to predict the downstream target of miR-24-

3p (Figure 4A). Overexpression of miR-24-3p or 

silencing of MAFG-AS1 inhibited the level of B4GAT1 

(Figure 4B–4E). Database revealed that there was a 

negative relationship between miR-24-3p and B4GAT1 

(Figure 4F). The prediction binding sites were shown in 

Figure 4G. Luciferase assay verified that B4GAT1 was 

an underlying target of miR-24-3p (Figure 4G). 

 

MAFG-AS1 regulates tumor progression via miR-

24-3p/B4GAT1 axis 

 

Next, we would confirm the mechanism of MAFG-

AS1. We co-transfected MAFG-AS1 vector with si-

miR-24-3p mimic/B4GAT1. CCK-8 assay performed 

that si-MAFG-AS1 decreased the cell viability, which 

was prevented by si-miR-24-3p and B4GAT1 (Figure 

5A). Colony formation assay indicated that si-miR-24-

3p/B4GAT1 could promote the colony formation after 

si-MAFG-AS1 co-transfection (Figure 5B). Si-miR-24-

 

 
 

Figure 2. Silencing of MAFG-AS1 prevents cell development in OC cells. (A) The knockdown efficiency of siRNA was confirmed by 
qRT-PCR. n = 4, *P<0.05. (B) The cell viability of MAFG-AS1 on OC cells was detected by CCK-8 assay. n = 6, *P<0.05. (C) Clone formation assay 
was used to detect proliferation. n = 4, *P<0.05. (D) The proliferative ability of OC cells transfected with MAFG-AS1 siRNA was assessed by 
EdU staining assay. (E) Pictures of tumor spheres formed by OC cells and the quantity of sphere formation efficiency. Scale bar: 100 μm. (F) 
The migration and invasion of MAFG-AS1 knockdown OC cells were measured by Transwell assay. n = 4, *P<0.05. (G) The protein level of 
Bcl1, Bax, and Cytochrome c was detected by Western blot. n = 4, *P<0.05. (H) The protein level of E-cadherin, N-cadherin, MMP2, MMP7 
was detected by Western blot. n = 4, *P<0.05. (I) The protein level of LC3, P62, LAMP1 was detected by Western blot. n = 4, *P<0.05. 
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3p/ B4GAT1 recovered the proliferation ability 

inhibited by si-MAFG-AS1 (Figure 5C). Migration and 

invasion ability was conducted by the transwell 

invasion system. Si-miR-24-3p/ B4GAT1 induces the 

decreased migration and invasion ability induced by si-

MAFG-AS1 (Figure 5D). Further, flow cytometry 

results showed that si-MAFG-AS1 induced apoptosis, 

and si-miR-24-3p/B4GAT1 restored the apoptosis level 

(Figure 5E). Then, we found that si-miR-24-

3p/B4GAT1 recovered the EMT progression and 

autophagy which was inhibited by si-MAFG-AS1 in 

SKOV3 cells (Figure 5F, 5G).  

 

Silencing of MAFG-AS1 inhibits tumor growth 

 

Further, we created xenograft nude mice model for 

exploring the function of MAFG-AS1. MAFG-AS1 was 

silenced using lentivirus, Len-si-MAFG-AS1 or Len-si-

NC were injected via the tail vein, after 1 week, SKOV3 

cell culture suspension (about 5 × 106 cells) was 

subcutaneously injected into the skin of the posterior 

left upper limb of nude mice. Len-si-MAFG-AS1 

markedly inhibited tumor growth (Figure 6A–6C). The 

tumor tissue was sectioned for Western blot. The results 

performed that down-regulation of MAFG-AS1 induced 

apoptosis, inhibited EMT process and autophagy 

(Figure 6D–6F).  

 

DISCUSSION 
 

Ovarian cancer cell migration and invasion are closely 

correlated with the tumor treatment effectiveness and 

serve as the leading cause of death in patients. Tumor 

cell migration, invasion process with various biological 

molecules, and mutual adjustment of regulatory 

pathways are closely related. The research on OC cell 

migration and invasion is mainly concentrated in 

neurotrophic factors and adhesion factors [4, 16, 17]. In 

recent years, studies have found that lncRNA can 

participate in biological processes, such as cell

 

 
 

Figure 3. MiR-24-3p is downstream target of MAFG-AS1. (A) The level of MAFG-AS1 in cytoplasm and nucleus. (B) Bioinformatics 
website predicted the target of MAFG-AS1. (C) The level of miR-24-3p, miR-143-3p, and miR-147b in SKOV3 after siMAFG-AS1 transfection. n 
= 6, *P<0.05. (D) MiR-24-3p expression in OC cell lines was quantified by qRT-PCR. n = 4, *P<0.05. (E) The relationship between MAFG-AS1 
and miR-24-3p. (F) Luciferase reporter assay was used to determine the luciferase activity in HEK-293T cells of indicated groups. n = 3, 
*P<0.05. (G) The enrichment of miR-24-3p and MAFG-AS1 in AGO2 and IgG detected by RIP assay. n = 3, *P<0.05. (H) Biotin-RNA pull-down 
assay. n = 3, *P<0.05. (I) FISH assay. 
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Figure 4. MiR-24-3p could bind with 3’UTR of B4GAT1. (A) Bioinformatics website predicted the target of miR-24-3p. (B) The level of 

B4GAT1 in SKOV3 after miR-24-3p transfection. n = 5, *P<0.05. (C) The protein level of B4GAT1 was detected by Western blot. n = 4, *P<0.05. 
(D) The level of B4GAT1 in SKOV3 after si-MAFG-AS1 transfection. n = 5, *P<0.05. (E) The protein level of B4GAT1 was detected by Western 
blot. n = 4, *P<0.05. (F) The relationship between B4GAT1 and miR-24-3p. (G) Luciferase reporter assay was used to determine the luciferase 
activity in HEK-293T cells of indicated groups. n = 3, *P<0.05. 

 

 
 

Figure 5. Silencing of MAFG-AS1 prevents cell development in OC cells via miR-24-3p/B4GAT1 signal. (A) The cell viability was 

detected by CCK-8 assay. n = 6, *P<0.05. (B) Clone formation assay was used to detect proliferation. n = 4, *P<0.05. (C) The proliferative 
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ability of OC cells was assessed by EdU staining assay. (D) The migration and invasion ability of OC cells was measured by Transwell assay. n = 
4, *P<0.05. (E) The apoptosis level was detected by flow cytometry. n = 4, *P<0.05. (F) The protein level of E-cadherin, N-cadherin, MMP2, 
MMP7 was detected by Western blot. n = 4, *P<0.05. (G) The protein level of LC3, P62, LAMP1 was detected by Western blot. n = 4, *P<0.05. 

proliferation, apoptosis and migration, and abnormal 

expression of lncRNA can promote or inhibit tumor 

genesis and development [18, 19]. The effect of 

lncRNAs on ovarian cancer progression has been 

reported. For example, Wang et al. found that the level 

of ADAMTS9-AS2 in ovarian cancer was significantly 

decreased, which could weaken the proliferation and 

invasion of OC cells, and inhibit the EMT process and 

tumor growth in vivo. Through online prediction, 

ADAMTS9-AS2 can be used as the ceRNA of miR-

182-5p. The addition of miR-182-5p analogue could 

weaken the inhibitory effect of ADAMTS9-AS2 

overexpression on the proliferation and invasion of 

ovarian cancer cells. Therefore, ADAMTS9-AS2 can 

reduce the proliferation and invasion of ovarian cancer 

cells by regulating the miR-182-5p/FOXF2 axis [20]. 

Despite the wide investigations of the function of 

lncRNAs in ovarian cancer, the understanding of the 

role of lncRNAs in autophagy and EMT is still limited. 

Moreover, there are few studies on the function of 

lncRNA MAFG-ASl in ovarian cancer and other 

cancers. It has been reported that MAFG-AS1 is 

involved in the regulation of the malignant phenotype of 

ovarian cancer by targeting NFKB1-dependent IGF1 

[21]. MAFG-AS1 promotes pancreatic cancer 

progression by regulating miR-3196 [22]. MAFG-AS1 

enhances bladder urothelial carcinoma progression by 

HuR/PTBP1 signaling [23]. MAFG-AS1 contributes to 

colorectal cancer progression by modulating miR-

147b/NDUFA4 axis [24]. In the present study, we

 

 
 

Figure 6. MAFG-AS promotes OC progression through EMT and autophagy in vivo. (A–C) Growth curve and tumor weight of 
xenografts from mice in indicated groups. n = 5, *P<0.05. (D) The protein level of Bcl1, Bax, and Cytochrome c was detected by Western blot. 
n = 4, *P<0.05. (E) The protein level of E-cadherin, N-cadherin, MMP2, MMP7 was detected by Western blot. n = 4, *P<0.05. (F) The protein 
level of LC3, P62, LAMP1 was detected by Western blot. n = 4, *P<0.05. 
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identified that lncRNA MAFG-AS1 levels were 

upregulated in clinical ovarian cancer tissues. Silencing 

of MAFG-AS1 attenuated cell proliferation, migration 

and invasion in ovarian cancer cells. Meanwhile, 

MAFG-AS1 knockdown reduced autophagy and EMT 

in ovarian cancer cells. These data suggest that lncRNA 

MAFG-AS1 contributes to autophagy and EMT of 

ovarian cancer. Our finding provides new evidence of 

the crucial function of lncRNA MAFG-AS1 in ovarian 

cancer development, improving the understanding of 

the regulatory mechanisms of autophagy and EMT of 

ovarian cancer. The clinical significance of lncRNA 

MAFG-AS1 in ovarian cancer should be explored by 

more studies in the future.  

 

The previous investigations have presented several 

examples of the function of lncRNA/miRNA axis in 

ovarian cancer, including EMT process. During EMT, 

epithelial cancer cells undergo a series of molecular, 

morphological and functional changes, accompanied by 

the loss of E-cadherin and the increase of N-cadherin, 

which leads to the impairment of epithelial-cell junction 

and cell polarity, the acquisition of mesenchymal 

motility cell phenotype, and the unstable binding with 

fibroblasts, endothelial cells and pericytes expressing 

N-cadherin [25, 26]. These changes promote the 

migration and infiltration of cancer cells through 

stromal tissue and the spread of the whole organism. 

Yong et al. found that the expression of NEAT1 is 

upregulated in ovarian cancer, which promotes cancer 

cell proliferation, migration, invasion and tumor growth 

in vivo. Using online database, it is predicted that the 

expression of miR-506 is upregulated after miR-506, 

NEAT1 knockdown, and has a significant effect on 

EMT. NEAT1 knockout significantly weakened the 

migration and invasion ability of ovarian cancer cells, 

while inhibition of miR-506 blocked the effect of 

NEAT1 knockout. In addition, inhibition of miR-506 

can significantly enhance the invasive ability of cancer 

cells, and promote the expression of EMT key 

molecular protein zinc finger E-box binding box protein 

1 (zinc finger E-box binding homeobox 1 ZEB1), 

vimentin (vimentin) and Snail family zinc finger protein 

2 (snail family transcriptional repressor 2). These results 

suggest that NEAT1 regulates the proliferation, 

migration and EMT of ovarian cancer cells through 

ceRNA, as miR-506 [27]. It was found that the 

expression of H19 increased gradually in SKOV3 and 

OVCAR3 cells stimulated by TGF- β. In SKOV3 and 

OVCAR3 cells, the expression of H19 was down-

regulated, and the epithelial marker E-cadherin was 

upregulated, while the stromal cell markers Snail and 

viment were down-regulated. The upregulation of H19 

expression showed the opposite effect, indicating that 

H19 can promote the EMT process of ovarian cancer 

[28]. TUG1 (taurine upregulated gene 1) is located on 

human chromosome 22q122 and is related to the 

formation of photoreceptors and retina. It has been 

reported that the expression of TUG1 is upregulated in 

colorectal cancer, non-small cell lung cancer and 

glioma, and promotes the occurrence and development 

of tumors. Defeng Kuang et al. found that TUG1 can 

significantly promote the proliferation, invasion and 

migration of ovarian cancer cells and inhibit their 

apoptosis [29]. In our mechanism investigation, we 

found that lncRNA MAFG-AS1 induced B4GAT1 

expression by sponging miR-24-3p in ovarian cancer 

cells and miR-24-3p/B4GAT1 axis was involved in 

MAFG-AS1-mediated ovarian cancer. Our finding 

provides innovative insight into the mechanism by 

which MAFG-AS1 contributes to ovarian cancer by 

regulating miR-24-3p/B4GAT1 axis. MiR-24-

3p/B4GAT1 axis may be just one of the downstream 

targets of MAFG-AS1 and other mechanisms need to be 

identified in future investigations.  

 

CONCLUSION 
 

In conclusion, our study provides evidence that 

functional suppression of MAFG-AS1 could enhance 

tumor progression by reduction of autophagy and 

reversal of EMT via miR-24-3p/B4GAT1 signaling 

pathway in OC cells. Further study would be conducted 

to further confirm our conclusion for finding a new 

treatment method for patients with OC. 

 

MATERIALS AND METHODS 
 

Clinical samples  
 

The tumor tissues were isolated from 32 OC patients in 

Jinan Maternity and Child Care Hospital. All the cases 

were confirmed as OC by pathological diagnosis, except 

for patients with other malignant tumors and patients who 

received radiotherapy, chemotherapy and other treatment 

for OC before operation. The specimens used in the 

experiment were discussed and approved by the ethics 

committee of Jinan Maternity and Child Care Hospital, 

and the informed consent of the patients was obtained. 
 

Cell culture  
 

The human OC cell lines (A2780, OVCAR3, SKOV3, 

IOSE80) were cultured. Cell lines were purchased from 

the Science Cell Laboratory. Cells were cultured in 

RPMI-1640 with 10 % FBS and 100 μL/mL penicillin 

and streptomycin and placed at 37° C with 5% CO2.  

 

RNA-Seq analysis 
 

The RNA-seq analysis was performed to explore the 

potential correlation of lncRNAs with ovarian cancer. 
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Total RNA was extracted from 3 IOSE80 cells and 3 

SKOV3 cells. Meanwhile, the RNA-seq analysis was 

performed to explore the potential lncRNAs. The RNA 

sequencing assay was performed at KangChen Bio-tech 

(Shanghai, China) using Illumina HiSeq 4000 (Illumina, 

San Diego, CA, USA). Solexa pipeline version 1.8 was 

used to align the reads to the genome, generate raw 

counts corresponding to each known gene and calculate 

the RPKM (reads per kilobase per million) values. The 

differential expression lncRNAs were identified through 

fold change and P value (fold change ≥ 2 and P value 

< 0.05). 

 

EdU assay 

 

SKOV3 cells were inoculated in 24-well plates to 

normal growth stage. Add 200μL 50μmol/L EDU 

medium to each well, incubate in the incubator for 2 h, 

and wash with PBS. The cells were fixed with 

paraformaldehyde and incubated at room temperature 

for 10 min. Add 200 μl of glycine at the concentration 

of 2 mg/mL and incubate for 5 min, then wash with 

PBS on the shaking table for 5 min. Add 100μL PBS 

containing 0.5% Triton X-100 to each well, and 

incubate on shaking table for 10 min, wash with PBS 

twice, 5 min each time. Apollo staining was performed 

for 30 min in dark at room temperature, and 1×Hoechst 

33342 DNA staining solution was incubated for 20 min 

in dark at room temperature. After PBS cleaning, photos 

were taken and counted under fluorescence microscope, 

and the results were analyzed. 

 

CCK-8 assay 
 

Cells were inoculated in 96-well plates with a density 

of 5 x 103 cells/well and adhered to the wall after 24 

h. After treatment and culture, CCK8 reagent 10 μl 

was added to each well and cultured in 5% CO2 

incubator at 37° C for 2 h. The absorbance (A450 

value) was measured by ELX800UV microplate 

analyzer and the proliferation inhibition rate was 

calculated. 

 

Western blot 

 

Add lysate to tissues or cells, centrifuge, take 

supernatant (test the concentration, add 5xLoading 

Buffer + 50μl B mercaptoethanol), boil for 5 min at 

100° C, and store in refrigerator at -20° C. Preparation 

of SDS-PAGE glue, separation glue, adding sample, 

electrophoresis, film transfer, sealing solution for 1 

hour, adding primary antibody, 4° C overnight, 

GAPDH(1:2000, mouse monoclonal antibody) as 

internal reference, PBST washing for 3 times, 1: The 

secondary antibody was diluted with 5 000 blocking 

solution for 1 hour, washed with PBST for 3 times, and 

the ECL substrate was developed for color 

development. 

 

QRT-PCR 
 

Total RNA was extracted by adding Trizol reagent, and 

reverse transcription was performed according to the 

reverse transcription kit. The qRTPCR reaction system 

was prepared as follows: 2XSTBR Green Taq PCR 

MIX5 μL, cDNA sample 1.6 μL, positive and negative 

primers 0.2 μL each, ddH2O 3 μL. The procedure was 

set at 95° C for 5 min, 95° C for 10 s, 60° C for 10 s, 

and 72° C for 10 s. The cycle was repeated for 40 times, 

and the final extension at 72° C was 10 min. GAPDH 

and U6 were used as internal reference genes for 

lncRNA and miRNA, respectively. The relative 

expression levels of lncRNA and miRNA were 

calculated by 2-ΔΔ CT method. 

 

Clone formation assay 
 

The transfected SKOV3 monollayer cells were digested 

with trypsin and blown into single cells, which were 

suspended in the culture medium of RPMI1640 

containing 10%FBS. After gradient dilution (containing 

50, 100 and 200 cells, respectively), the cells were 

inoculated in the culture dish containing 10 mL of pre-

heated culture medium at 37° C, and gently rotated to 

make the cells evenly dispersed. Place in an incubator at 

37° C and 5%CO2 for 2 ~ 3 weeks; When visible cell 

clones appeared in the petri dish, the culture was 

stopped, the supernatant was discarded, PBS was gently 

washed twice, methanol was fixed for 15 min, and 

GIEMSA was stained for 10 ~ 30min. After washing 

the staining solution, the cells were left to dry, observed 

and counted. 

 

Transwell assay 
 

Pretreatment of Transwell invasion experiment: 

Matrigel matrix gel and FBS free medium were 

diluted at 1:100, and then matrix gel (100 μL) was 

added after soaking in the invasion chamber. UV 

disinfection and sterilization were performed 

overnight. Meanwhile, 200 μL and 600 μL FBS free 

medium were added in the upper and lower invasion 

chamber, respectively. After being resuspended, the 

cell density was adjusted to 1.5 x10'/mL. FBS 

medium was added to the lower chamber of 

Transwell, resuspended cells were added to the upper 

chamber, and the culture was continued for 40 h. The 

chambers were fixed with ethanol. After crystal violet 

staining, non-invasive stromal cells were erased, 5 

fields were randomly selected under the microscope 

for observation and counting, and the experiment was 

repeated for 3 times. 
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Luciferase assay 

 

In the dual luciferase assay, WT-MAFG-AS1, Mut- 

MAFG-AS1 and miR-24-3p mimic were co-transfected 

into HEK-293T cells, and then incubated in an 

incubator for further 48h. Cells were collected and the 

dual luciferase activity was detected in each group 

according to the instructions of the dual luciferase 

reporter gene assay kit. 

 

Nude mouse transplantation tumor experiment 

 

10 nude mice were selected and their body weight was 

measured before inoculation. SKOV3 cells at 

logarithmic growth stage were collected in a clean table 

and digested with trypsin containing EDTA(mass 

fraction 0.01%), then suspended in serum-free medium. 

The cell density was adjusted to 2.5x107 /mL. SKOV3 

cell culture suspension (about 5 × 106 cells) was 

subcutaneously injected into the skin of the posterior 

left upper limb of nude mice. The mass of the nude 

mice and the longest diameter (a, mm) and shortest 

diameter (b, mm) of the subcutaneous graft tumor were 

measured every 5 days to estimate the volume (V, mm). 

The animal study was reviewed and approved by Jinan 

Maternity and Child Care Hospital. 

 

Statistical analysis 
 

Prism 8.0 software was used for statistical analysis; 

the data were expressed as mean ±SEM. T-test was 

used for the comparison between the two groups, and 

one-way ANOVA was used for the comparison 

among the groups. P < 0.05 was statistically 

significant, and the experiments were repeated more 

than 3 times. 
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