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Background: Evidence has indicated that dysregulation of long noncoding RNAs (lncRNA) 
is a critical factor in the occurrence of many diseases, including cancer. The lncRNA 
AFAP1-AS1 has been shown to participate in oncogenesis, metastasis, or drug resistance 
in many types of cancer. However, the potential role of AFAP1-AS1 in oral squamous cell 
carcinoma (OSCC) has not been fully elucidated.
Methods: Bioinformatics analysis was performed to compare AFAP1-AS1 expression levels 
in OSCC cancer samples and in normal controls. The biological function of AFAP1-AS1 was 
studied through loss-of-function assays. To study the potential mechanisms, high-throughput 
sequencing was applied to OSCC cancer samples and a series of bioinformatics analyses 
were performed. The effects of AFAP1-AS1 on OSCC tumor growth was evaluated by 
in vivo xenograft tumor formation assays.
Results: Bioinformatics analyses indicated that AFAP1-AS1 was upregulated in OSCC. 
Overexpression of AFAP1-AS1 was positively correlated with lymph node metastasis, tumor 
stage, and pathological grade. Down-regulation of AFAP1-AS1 in OSCC led to decreased 
proliferation in vitro and, notably, inhibition of tumor growth in vivo. Further research 
indicated that AFAP1-AS1 regulated OSCC cell proliferation by targeting CCNA2.
Conclusion: AFAP1-AS1 promotes tumor proliferation and indicates a poor prognosis in 
OSCC, providing a potential therapeutic strategy.
Keywords: LncRNA, bioinformatics analysis, AFAP1-AS1, oral squamous cell carcinoma, 
CCNA2

Introduction
Oral squamous cell carcinoma (OSCC) is the main subtype of head and neck 
squamous cell carcinoma (HNSCC) with a high incidence in Asia. It includes 
a group of cancers that originate in the oral cavity mucosa and accounted for 
approximately 170,000 deaths in 2018.1 The main risk factors for OSCC have been 
documented to be largely related to lifestyle, including exposure to tobacco, tobacco- 
like products, and alcohol.2 Surgical resection combined with chemoradiotherapy is 
the conventional treatment strategy for early OSCC.3 However, recurrence and metas-
tasis are still the main causes of cancer-related deaths in OSCC.4 Thus, new treatment 
methods have been designed and research has been carried out focusing on gene- 
targeted therapy.5

Accumulating studies have shown that the occurrence and prognosis of OSCC are 
correlated with the dysfunction of oncogenes.6 Long noncoding RNAs (lncRNAs), 
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although they do not encode proteins, were believed to have 
important biological functions.7–9 Studies have confirmed 
that the dysfunction of many lncRNAs was also involved 
in cancer progression and prognosis.10,11 AFAP1-AS1 is 
upregulated and plays an important role in a variety of 
tumors.12–17 For example, AFAP1-AS1 was overexpressed 
and promoted tumor growth in melanoma.18 However, the 
function of AFAP1-AS1 in OSCC has not been fully 
investigated.

In our study, we demonstrate that high expression of 
AFAP1-AS1 is associated with an unfavorable prognosis in 
OSCC. Bioinformatics analysis and high-throughput sequen-
cing helped to study the role and related mechanisms. 
Furthermore, in vivo and in vitro experiments were performed 
to validate that AFAP1-AS1 functions as an oncogene in 
OSCC. Further studies revealed that knockdown of AFAP1- 
AS1 inhibited OSCC proliferation by suppressing CCNA2.

Materials and Methods
OSCC Datasets and Source
The data used in our study were obtained from the public 
database The Cancer Genome Atlas (TCGA) and the Gene 
Expression Omnibus (GEO). A total of 313 tumor cases with 
30 normal controls for OSCC and corresponding phenotype 
information were downloaded from TCGA. The correlations 
between AFAP1-AS1 expression and clinical characteristics 
were explored based on TCGA-OSCC datasets. The 
GSE84805 dataset from GEO contained 12 paired OSCC 
tumors and normal tissue noncoding RNA profiling array 
data samples.

Cell Culture
The human OSCC cell line Cal 27 was obtained from the 
American Type Culture Collection, Manassas, VA. The 
cells were cultured in Dulbecco’s modified Eagle medium 
(DMEM, Sigma-Aldrich, St. Louis, MO, USA) in 
a humidified tissue culture incubator with 5% CO2 atmo-
sphere at 37°C. The media were supplemented with 10% 
FBS and 1% penicillin-streptomycin.

Cell Transfection
The lentivirus used for AFAP1-AS1 knockdown (sh- 
AFAP1-AS1) and the corresponding negative control (sh- 
NC) were obtained from GeneChem (Shanghai, China). 
The virus was transfected for 72 h and then the culture was 
refreshed. Cells were cultured in medium with 2 µg/mL of 
puromycin for 2–3 weeks until there was no evidence of 
significant cell death. Cells were collected for subsequent 
sequencing detection and in vitro assays. Information 
regarding the vector construct and the three oligo 
sequences of all siRNAs are provided in Supplementary 
Figure 1 and Supplementary Table 1.

Quantitative Real-Time PCR
Total RNA was extracted and purified using the TRIzol 
reagent (Tiangen, Beijing, China). SYBR Green dye 
method was used to detect the mRNA expression levels 
after reverse transcription. The relative expression level 
was calculated using the 2−ΔΔCt method with GAPDH as 
a reference by quantitative real-time PCR (qRT-PCR). 
The sequence of primers used in our studies are supplied 
in Table 1.

Cell-Counting Kit-8 Assay
The transfected Cal 27 cells were incubated in 96-well 
plates with 2000 cells per well. The optical density (OD) 
values were detected 2 h after refreshing the medium with 
10% Cell-Counting Kit-8 (CCK-8). The OD value was 
measured at 450 nm with six replications each time.

Cell Cycle Analysis
The cells were cultured for 48 h, then harvested and 
washed with ice-cold PBS. After fixation in pre-cold etha-
nol, the cells were mixed and incubated with 1 mL DNA 
staining solution and 10 μL permeabilization solution for 
30 min. The cell cycle distribution was analyzed on a flow 
cytometer (BECKMAN CytoFLEX). Data were deter-
mined and compared among groups.

Table 1 Primers Used for Real-Time PCR

Genes Forward (5′–3′) Reverse (5′–3′)

AFAP1-AS1 CCTGTTGAATCAGCCAACTCAG ATAAGCCGTGTGCCTCAAAG

GAPDH GACTCATGACCACAGTCCATGC AGAGGCAGGGATGATGTTCTG

CCNA2 GCCAAGCTAACCAAA GCTC CATAAAGAGGCTAC CATAA
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RNA Sequencing Analysis
The cDNA library was constructed and RNA sequencing 
(RNA-seq) was performed using the Illumina 
Novaseq6000 platform. The original offline sequence 
(Raw Reads) obtained by sequencing was processed to 
obtain clean reads through the processes of removing 
low-quality sequences and connector contamination. 
Clean read data were used for subsequent analyses. The 
Deseq2 package R (version 1.30.0) was used to deter-
mine differentially expressed genes (DEGs) (cutoff: log2 
FC>|1|, adjusted P-value<0.05). Unless specified other-
wise, the DEGs mentioned herein refer to the DEGs 
between the sh-AFAP1-AS1#1 and sh-NC groups. Gene 
Ontology (GO) enrichment analysis was performed in 
the Metascape.19 The KEGG enrichment analysis was 
calculated following the clusterProfiler instruction of 
clusterProfiler (version 3.19.0).

Gene Set Enrichment Analysis (GSEA)
Gene set enrichment analysis (GSEA) (version v4.1.0 for 
Windows) was downloaded and used for GSEA following 
the instructions on the website. The gene sets database was 
selected as h.all.v7.2.symbols. GSEA was performed sepa-
rately for three independent sets of data, including tumor 
and normal control samples in TCGA-OSCC, stratifying 
samples as AFAP1-AS1-high and AFAP1-AS1-low tumor 
samples to classify the AFAP1-AS1 phenotype inTCGA- 
OSCC, as well as sh-AFAP1-AS1 and sh-NC in our RNA- 
seq assays. Gene sets with normal p<0.05 and FDR <0.25 
were significantly enriched.

Tumor Xenograft Assay
All animal experiments were carried out according to the 
guidelines for laboratory animals in the Animal Protection 
Law of the People’s Republic of China-2009 and were 
approved by the Animal Care and Use Committee of the 
Shandong Key Laboratory of Oral Tissue Regeneration. 
Female nude mice (6 weeks, 18–20 g) used for in vivo 
experiments were randomly divided into sh-AFAP1- 
AS1#1 group and sh-NC group. Stable transfected Cal 27 
cells (1×106 cells per site) were implanted subcutaneously 
on the back of the mice. The mice were euthanized 4 
weeks after inoculation. The xenografts were excised and 
weighed. Furthermore, collected xenograft tissues were 
used for immunohistochemical (IHC) staining of 
cyclin A2.

Western Blotting
Western blotting experiments were performed according to 
the conventional procedure. The experimental methods 
and reagents were introduced in our previous studies.20 

The primary antibodies used in this study were as follows, 
cyclin A2 (ab181591), c-Myc (ab32072), E2F2 
(ab138515) and GAPDH (ab181602). The bands were 
finally analyzed by the ImageJ software.

Statistical Analysis
The data were presented as mean±standard deviation. The 
differences were compared by Student’s t-tests or one-way 
analyses of variance. The influence of AFAP1-AS1 or 
CCNA2 on the overall survival of OSCC patients was 
assessed using the Kaplan–Meier method. P < 0.05 was 
considered statistically significant.

Results
AFAP1-AS1 Was Upregulated in OSCC
The qualified data were successfully downloaded from 
TCGA and GEO. By analyzing the samples in TCGA- 
OSCC and the GSE8485, it was found that the expression 
levels of AFAP1-AS1 in cancer tissue samples were signifi-
cantly higher than those in normal controls (Figure 1A and 
B). The abnormal expression was also found to be correlated 
with lymph node metastasis (N0 vs N1–N3), pathological 
grade (G1 vs G2/G3), tumor pathological stage (stage I vs 
stage II/IV) (Figure 1C–E). Overall survival analysis indi-
cated that high expression of AFAP1-AS1 in OSCC pre-
dicted a worse prognosis (cutoff=median) (Figure 1F). The 
associations between AFAP1-AS1 and the clinicopathologi-
cal characteristics in the TCGA-OSCC samples are summar-
ized in Table 2. The results indicate that OSCC patients with 
relatively high expression of AFAP1-AS1 are more apt to 
suffer a lymphovascular invasion (P<0.05).

Knockdown AFAP1-AS1 Suppressed 
OSCC Proliferation in vitro
The expression levels of AFAP1-AS1 were knocked down 
significantly in Cal 27 cells transfected with sh-AFAP1-AS1 
(Figure 2A). Significant inhibition of proliferation ability 
was observed using the CCK8 assay (Figure 2B). The col-
ony formation assays indicated that down-regulation of 
AFAP1-AS1 in OSCC could induce a decrease in colony 
numbers. (Figure 2C and D). Flow cytometry showed that 
the knockdown of AFAP1-AS1 induced an increase in the 
proportion of cells in G0/G1 (Figure 2E and F).
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Identification and Functional Enrichment 
of DEGs
The Cal 27 cells transfected with sh-AFAP1-AS1#1 and 
relative sh-NC were used for further RNA-seq assays by 
high-throughput sequencing technique. DEGs were calcu-
lated using the R package Deseq2 according to the software 
instructions. Finally, 1521 DEGs were identified with 947 
genes upregulated and 574 genes downregulated (Figure 3A 
and B). The DEGs were uploaded to Metascape, an online 
database tool, for GO enrichment analysis. DEGs were 
found to be correlated with negative regulation of cell pro-
liferation and positive regulation of cell death. (Figure 3C, 
Supplementary Figure 2). A total of 67 enriched pathways 
were found based on DEGs (p<0.05) (Supplementary 
Table 2) and the top 50 pathways are shown in Figure 3D.

AFAP1-AS1 Was Correlated with 
Enrichment of MYC Target Genes
GSEA was used to identify sets of differentially enriched 
genes between two groups of samples. Three pairs of sam-
ples were used for GSEA respectively (Figure 4A). 
HALLMARK_MYC_TARGETS V1 and V2 were found 

to be enriched in all three paired groups (Supplementary 
Tables 3–5). Firstly, the two gene sets were differentially 
enriched in the TCGA-OSCC tumor samples compared with 
TCGA-OSCC normal control samples. (Figure 4B and C) 
They were also enriched in TCGA-OSCC tumor samples 
with high AFAP1-AS1 expression compared with TCGA- 
OSCC tumor samples with low AFAP1-AS1 expression. 
(Figure 4D and E) Further, when compared Cal 27 sh-NC 
samples with Cal 27 sh-AFAP1-AS1 samples, the two gene 
sets were found to be enriched in the former (Figure 4F and 
G). In conclusion, it was found that MYC target gene sets 
were significantly enriched in groups with relatively high 
AFAP1-AS1 expression.

Knocking Down AFAP1-AS1 Suppressed 
CCNA2 in OSCC
The HALLMARK_MYC_TARGETS V1 and V2 contain 
a subgroup of genes regulated by c-Myc. There are 241 
genes in these two gene sets (Supplementary Table 6). The 
amplification of c-Myc was believed to be correlated with 
tumorigenesis and prognosis of multiple tumors. Next, the 
expression patterns of these c-Myc target genes in our RNA 

Figure 1 AFAP1-AS1 was up-regulated in OSCC and indicated a worse prognosis. AFAP1-AS1 expression was significantly higher in OSCC based on TCGA-OSCC (A) and 
GSE84505 (B) datasets. The expression of AFAP1-AS1 in TCGA-OSCC is grouped by lymph node metastasis (C), pathological grades (D), and pathological stages (E). (F) 
Overall survival based on AFAP1-AS1 expression in TCGA-OSCC (cutoff=median). *P<0.05 and ****P<0.0001.
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sequence data were investigated and 13 genes were found 
differentially expressed between sh-NC and sh-AFAP1-AS1 
(Figure 5A). The protein–protein interaction (PPI) network 
of these genes was analyzed using the online STRING tool 
(https://string-db.org/). The PPI network indicated that 
CCNA2 was a hub gene in this subnet (Figure 5B). The 
correlation analysis suggested that the expression level of 
CCNA2 was positively correlated with AFAP1-AS1 in 
TCGA-OSCC (Figure 5C). High expression of CCNA2 
predicted a worse 5-year overall survival rate (cutoff=me-
dian) (Figure 5D). The expression of CCNA2 was proved to 
be downregulated after AFAP1-AS1 knockdown by qRT- 
PCR in OSCC cells (Figure 5E). Further, Western blotting 
assays were conducted to analyze the changes in expression 
that were correlated with the cell cycle, including c-Myc, 
CCNA2, and E2F2. The expression of cyclin A2 was down-
regulated, while the expression of E2F2 was upregulated 

after AFAP1-AS1 knockdown in Cal 27 (Figure 5F and 
G). The protein levels of c- Myc showed no significant 
differences in expression. Since the lncRNA can function 
as micro-RNA (miRNA) molecular sponges,21 the miRNAs 
targets of both AFAP1-AS1 and CCNA2 were predicted 
using online databases. Three candidates were identified by 
the intersection of the two datasets: miR-655-3p, miR-320a, 
and miR-145-5p (Figure 5H and I).

Knockdown AFAP1-AS1 Inhibited OSCC 
Tumor Growth in vivo
The nude mouse xenograft tumor model was established 
by injecting sh-AFAP1-AS1#1 and sh-NC in Cal 27 cells. 
The mice were euthanized 4 weeks after being implanted. 
The xenograft tumors were harvested and weighted. The 
mean tumor volume was significantly smaller in the sh- 
AFAP1-AS1 group, indicating tumor inhibition after 

Table 2 Association of AFAP1-AS1 Expression with Clinicopathologic Features in TCGA OSCC

Type Total AFAP1-AS1 Low AFAP1-AS1 High X2 p

Age 0.0463 0.8296
<60 66 33 33

≥60 86 42 44

Gender 0.0017 0.9668

Male 105 51 54
Female 47 23 24

Stage 2.5858 0.6343
I 8 4 4

II 33 19 14

III 40 21 19
IV 68 29 39

Neoplasm histologic grade 4.065 0.1310
G1 29 19 10

G2 94 42 52

G3 29 13 16

Lymphovascular invasion present 3.891 0.0491

YES 33 10 23
NO 77 39 38

T 0.05516 0.8143
T1-T2 60 29 31

T3-T4 82 38 44

N 1.0188 0.7559

N0 60 31 29

N1 18 7 11
N2 50 22 28

N3 2 1 1

Notes: Samples with AFAP1-AS1 expression ranked in the top 25% were defined as AFAP1-AS1 high, and samples with AFAP1-AS1 expression ranked in the bottom 25% 
were defined as AFAP1-AS1 low.
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AFAP1-AS1 was knocked down in vivo. (Figure 6A and 
B). The expression of cyclin A2 was proved to be down-
regulated after AFAP1-AS1 knockdown in Cal 27 by 
Western blotting assays in vitro (Figure 6C). Finally, the 
tumors were also used for preparing IHC staining with 
cyclin A2. The results of IHC analysis showed that the 
expression levels of cyclin A2 were decreased in tumors of 
the sh-AFAP1-AS1 group (Figure 6D).

Discussion
Although lncRNAs were not translated into proteins 
and were initially considered to be junk DNA, it has 
been demonstrated that lncRNAs perform important 
functions including transcriptional regulation and reg-
ulation of protein expression.22 Emerging evidence 
reveals that lncRNAs not only affect the adjacent 
genes in cis but also perform important regulatory 

Figure 2 AFAP1-AS1 knockdown suppresses OSCC proliferation in vitro. (A) The expression of AFAP1-AS1 was dramatically decreased in Cal 27 by transfection with sh- 
AFAP1-AS1 lentivirus. CCK-8 (B) and colony formation assay (C and D) showed that AFAP1-AS1 knockdown inhibited Cal 27 cell proliferation in vitro. (E and F) The cell 
cycle was analyzed by flow cytometry. *P<0.05, **P<0.01, ***P<0.001; ****P<0.0001.
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functions throughout the cell in trans.23 AFAP1-AS1 
was first reported to be overexpressed in Barrett’s 
esophagus and esophageal adenocarcinoma, and led 
to a reduction in cell apoptosis and the promotion of 
cell migration.24 Since then several studies have 
reported that dysfunction of AFAP1-AS1 was closely 
related to human oncogenesis, metastasis, and drug 
resistance in cancer.25–28 However, the underlying 
mechanisms behind these effects appeared to be multi-
ple and complex. AFAP1-AS1 can influence gene reg-
ulation and genome complexity in cis or trans. As 
a typical example, AFAP1-AS1 was shown to enhance 
the cell migration of NSCLC via upregulating the 
expression of AFAP1.29 AFAP1-AS1 can also function 
as competing endogenous RNA (ceRNA) by binding to 
miRNAs.30 In pancreatic cancer, AFAP1-AS1 can 
upregulate ACVR1 and promote tumor cell stemness 
and tumorigenicity by functioning as a ceRNA of 
miR-384.31

To study the biological role of AFAP1-AS1 in 
OSCC, we searched the TCGA and GEO database for 
data sets with OSCC tumor and normal control sam-
ples. TCGA-OSCC and the GSE84805 datasets were 
downloaded and were subjected to further investiga-
tion. The results showed that AFAP1-AS1 was over-
expressed in OSCC tumors. Meanwhile, the 
overexpression of AFAP1-AS1 in TCGA-OSCC 

datasets was associated with poor clinical phenotype 
and indicated an unfavorable prognosis for patients. In 
vitro experiments verified that silencing AFAP1-AS1 
suppressed cell proliferation in OSCC. Further, tran-
scriptome changes after AFAP1-AS1 gene knockdown 
by stable lentivirus infection were detected by next- 
generation sequencing, and the results were analyzed 
using a series of R packages. GO enrichment showed 
that the DEGs were enriched in the biological process 
of cell proliferation and cell death. KEGG enrichment 
analysis revealed the pathways in which DEGs were 
involved and some of these pathways were closely 
correlated with cancer progression, such as the PI3K/ 
AKT pathway and the Wntβ-catenin signaling 
pathway.32–34

Although GO and KEGG enrichment analysis with 
the DEGs is an important tool used to identify the 
biological processes in which the target genes partici-
pate, extracting the complete biological information 
remains challenging. GSEA is another powerful analy-
tical method we used in this study.35 As mentioned 
earlier, GSEA was performed on three data sets respec-
tively. HALLMARK_MYC_TARGETS V1 and V2 were 
found to be enriched gene sets in these three analyses. 
c-Myc target genes tended to be enriched in OSCC 
samples with a higher level of expression of AFAP1- 
AS1. Previous studies have shown that c-Myc was 

Figure 3 Bioinformatics analysis of RNA-seq results of sh-AFAP1-AS1 and sh-NC. (A and B) The heatmap and volcano plot showed the DEGs between Cal 27 sh-AFAP1- 
AS1 and sh-NC samples (C). Metascape bar graph exhibited the top 20 nonredundant GO enrichment clusters of the DEGs. (D) The bubble diagram showed the top 50 
enriched KEGG pathways.
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involved in biological processes such as proliferation, 
apoptosis, and the cell cycle in OSCC.36,37 LncRNAs 
have been reported to regulate c-Myc in various 
ways.38,39 c-Myc or genes whose expression was regu-
lated by c-Myc might prove to be viable therapeutic 
targets in cancer.40 RNA sequencing analysis showed 
that 13 genes were differentially expressed in OSCC 

after AFAP1-AS1 knockdown. Among these genes, we 
focused on CCNA2 in this study. CCNA2 protein has 
been reported to play a critical role and act as 
a prognostic biomarker in cancer.41,42 CCNA2 was also 
found to be overexpressed in TCGA-OSCC and pre-
dicted poor prognosis in our study. CCNA2 protein 
levels were identified to be down-regulated, while 

Figure 4 GSEA results indicated that the gene sets HALLMARK_MYC_TARGETS V1 and HALLMARK_MYC_TARGETS V2 were enriched in samples with relatively high 
expression of AFAP1-AS1. (A) Three independent GSEA datasets were evaluated. (B and C) The gene sets HALLMARK_MYC_TARGETS V1 and 
HALLMARK_MYC_TARGETS V2 were significantly enriched in TCGA-OSCC tumor samples compared to normal control samples. (D and E) The gene sets 
HALLMARK_MYC_TARGETS V1 and HALLMARK_MYC_TARGETS V2 were significantly enriched in TCGA-OSCC tumor samples with high expression of AFAP1-AS1. 
(F and G) The gene sets HALLMARK_MYC_TARGETS V1 and HALLMARK_MYC_TARGETS V2 were significantly enriched in the Cal 27 sh-NC group compared to the 
sh-AFAP1-AS1 group.
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E2F2 expression levels were up-regulated after AFAP1- 
AS1 knockdown. E2F2 is a downstream gene of 
CCNA2 in the cell cycle pathway. In our study, the 
expression of E2F2 increased at the protein level on 
silencing of AFAP1-AS1 expression in OSCC, which 
was consistent with previous studies that indicated 
E2F2 might play a tumor suppressor role.43,44 

However, our findings indicated that AFAP1-AF1 
might not influence the expression of CCNA2 via reg-
ulating c-Myc. The subcellular location of AFAP1-AS1 
appears to vary in different tumor cell lines.45,46 As 
AFAP1-AS1 has been reported to be mainly located in 
the cytoplasm of OSCC cells,47 it could regulate 
CCNA2 expression through the ceRNA network. 
Candidate miRNAs predicted by bioinformatics analyses 

were miR-655-3p, miR-320a, and miR-145-5p. Taking 
mir-145-5p for example, mir-145-5p was reported to 
suppress the expression of CCNA2 in esophageal squa-
mous cell carcinoma, and to downregulate AFAP1-AS1 
expression in triple-negative breast cancer cell.48,49 To 
clarify the regulatory relationship of AFAP1-AS1 and 
CCNA2, further experimental studies are still needed.

Conclusions
AFAP1-AS1 was identified as an unfavorable biomar-
ker for OSCC. Knockdown of AFAP1-AS1 inhibited 
OSCC proliferation by interacting with CCNA2. This 
provides a basis for future treatment strategies of 
OSCC.

Figure 5 AFAP1-AS1 promotes OSCC proliferation by targeting CCNA2. (A) Bar graph showing the fold changes of 13 differentially expressed Myc target genes after 
AFAP1-AS1 knockdown. (B) PPI network of the 13 differential expressed genes. (C) Correlation analysis of AFAP1-AS1 and CCNA2 in OSCC based on TCGA-OSCC. (D) 
The high expression of the CCNA2 predicted poor prognosis in TCGA-OSCC. (E) qRT-PCR assays examined CCNA2 expression in Cal 27 cells after AFAP1-AS1 
knockdown. (F and G) The expression of c-Myc, cyclin A2, and E2F2 was examined by Western blotting assay. (H and I) Three miRNAs were predicted to target both 
AFAP1-AS1 and CCNA2. *P<0.05; **P<0.01; and ***P<0.001.
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