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Abstract. Long noncoding RNA AFAP1‑AS1 has been 
shown to promote tumor progression in several human 
cancer types, such as thyroid cancer, tongue squamous cell 
carcinoma and lung cancer. However, the role of AFAP1‑AS1 
in osteosarcoma (OS) has not been investigated. In the 
present study, the expression of AFAP1‑AS1 was signifi-
cantly upregulated in OS tissues and cell lines. Moreover, 
AFAP1‑AS1 expression was negatively correlated with 
OS patient prognosis. Besides, AFAP1‑AS1 knockdown 
significantly inhibited the proliferation and invasion of OS 
cells in vitro. Furthermore, in vivo xenograft experiments 
indicated that AFAP1‑AS1 depletion delayed tumor growth. 
Regarding the underlying mechanism, AFAP1‑AS1 served as 
a sponge to repress the level of microRNA (miR)‑4695‑5p, 
which targeted transcription factor (TCF)4, a pivot effector 
of Wnt/β‑catenin signaling pathway. It was demonstrated that 
overexpression of AFAP1‑AS1 inhibited the expression of 
miR‑4695‑5p, while miR‑4695‑5p overexpression decreased 
TCF4 expression and reduced activation of Wnt/β‑catenin 
pathway. Through rescue assays, it was demonstrated that 
restoration of TCF4 expression reversed the effects of 
AFAP1‑AS1 knockdown or miR‑4695‑5p overexpression on 
OS cells. Taken together, these findings demonstrated that the 
AFAP1‑AS1/miR‑4695‑5p/TCF4‑β‑catenin axis played an 
important role in OS progression.

Introduction

Osteosarcoma (OS) is the most common and aggressive bona 
tumor that usually occurs among adolescents and young 
people (1). OS gives rise to many cancer‑related deaths world-
wide every year (2). Surgery combined with chemotherapeutic 
treatment is the major strategy for OS intervention (3). Despite 
extensive advances achieved on OS therapy in recent years, the 
five‑year survival rate of OS patients is quite poor (4). Thus, 
there is an urgent need to understand the underlying mecha-
nism involved in OS development and progression, which is 
crucial for the development of effectively therapeutic targets.

Long noncoding RNAs (lncRNAs) is a subgroup 
of noncoding RNAs that possess a length of more than 
200  nucleotides  (5,6). In the past decade, lncRNAs have 
become a very hot topic in the field of biology. More and more 
evidences indicate that lncRNAs are involved in almost all 
physiological processes, such as immune, development and 
tumorigenesis (6‑8). Due to the important functions of lncRNAs 
on cell proliferation, migration and invasion (9), lncRNA aber-
rant expression is closely correlated with the development of 
human cancers, including cholangiocarcinoma (10), pancreatic 
cancer (11), breast cancer (12), gastric cancer (13), hepatocellular 
carcinoma (14) and OS (8). Furthermore, several reports indi-
cate that lncRNAs may serve as biomarkers for cancer diagnosis 
or prognosis (15). Therefore, understanding the functions and 
mechanism of lncRNAs is critical for cancer therapy.

LncRNA AFAP1‑AS1 has been demonstrated to 
promote the development or progression of some cancers, 
such as thyroid cancer  (16) and tongue squamous cell 
carcinoma  (17). Whether AFAP1‑AS1 has a role in OS 
progression remains unclear. In the present study, we found 
that AFAP1‑AS1 expression was significantly upregulated 
in OS tissues and cell lines. AFAP1‑AS1 high expression is 
linked to OS patients' poor prognosis. Moreover, we showed 
that AFAP1‑AS1 knockdown significantly suppressed the 
proliferation and invasion of OS cells. Mechanistically, we 
found that AFAP1‑AS1 sponged microRNA (miR)‑4695‑5p 
to upregulate the expression of transcription factor (TCF)4, 
which is a pivot transcription factor in Wnt/β‑catenin 
pathway. Taken together, our results demonstrated that 
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AFAP1‑AS1/miR‑4695‑5p/TCF4/β‑catenin signaling 
cascade was involved in OS progression.

Materials and methods

Clinical specimens. A total of 49 samples of OS tissues and 
adjacent normal tissues were obtained from patients who 
underwent surgery at The First Affiliated Hospital of Jiamusi 
University (Jiamusi, China). Two pathologists independently 
evaluated the histological diagnosis and differentiation of the 
tissue samples, according to the World Health Organization 
classification system. All of the tissue samples collected were 
immediately snap‑frozen in liquid nitrogen and stored at 
‑80˚C until required. The present study was approved by the 
Research Ethics Committee of The First Affiliated Hospital of 
Jiamusi University, and informed consent was obtained from 
all patients.

Cell culture and transfection. Normal human osteoblasts, 
hFOB 1.19, and four human OS cell lines, Saos‑2, U2OS, 
MG‑63 and 143B, were purchased from American Type Culture 
Collection (Manassas, VA, USA). Cell lines were cultured 
in DMEM (Gibco; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) supplemented with 10% fetal bovine serum (FBS; 
Gibco; Thermo Fisher Scientific, Inc.) and 100 units/ml of 
penicillin‑streptomycin (Invitrogen; Thermo Fisher Scientific, 
Inc.) at 37˚C in a humidified incubator containing 5% CO2.

A siRNA against AFAP1‑AS1 (named as si‑AFAP1‑AS1), 
corresponding scramble negative control (NC) (named as 
scramble), miR‑4695‑5p mimics, mimic NCs were designed 
and constructed by Ribobio (Guangzhou, China). The target 
sequence was as followed: si‑AFAP1‑AS1: 5'‑AGG​ACA​CAG​
ACU​GCU​UCA​U‑3'; and scramble: 5'‑UUC​UCC​GAA​CGU​
GAC​GUT​T‑3'. AFAP1‑AS1 and TCF4 overexpression plasmids 
(pCDNA3.1‑AFAP1‑AS1 or pCDNA3.1‑TCF4) were cloned 
into pCDNA3.1 Vector. The sequences were determined by 
DNA sequencing. These plasmids were transfected into OS 
cells in 6‑well plates at a final concentration of 100 ng using 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) according to the manufacturer's protocol.

Cell proliferation assay. For cell proliferation assays, the 
viable cells were tested by Cell Counting Kit‑8 (CCK‑8) assay 
kit according to the manufacturer's instructions. In brief, cells 
were grown in 96‑well plate with 1x104 per well and incu-
bated in 37˚C with 5% CO2 until cell confluent rate reached 
70%. After transfected with plasmid for 48 h, cells were still 
incubated for 24, 48 and 72 h. 10 µl CCK‑8 solution was seed 
into each well. The absorbance at 450 nm was measured with 
SUNRISE Microplate Reader (Tecan Group, Ltd., Mannedorf, 
Switzerland).

Transwell invasion assay. Cell invasion was assayed using 
a Transwell invasion assay (invasion Transwell chambers; 
EMD Millipore, Billerica, MA, USA) with Matrigel™ (BD 
Biosciences). The cells were seeded at a density of 1x105 cells 
on the upper chamber with 200  µl serum‑free DMEM. 
Following transfection for 48 h, 600 µl DMEM supplemented 
with 20% FBS, which served as a chemoattractant, was added 
to the lower chamber. After 48 h incubation at 37˚C, the upper 

side of the membrane was wiped with cotton wool to remove 
non‑invasive cells; the membranes were then fixed with 4% 
methanol at 4˚C and stained with 0.1% crystal violet at room 
temperature. Five visual fields with a magnification x200 were 
randomly selected from each membrane and the cell numbers 
were counted using a light microscope.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). RNA was isolated using TRIzol reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) following the manu-
factures' protocol. The first strand cDNA was compounded 
using a Tianscript RT kit (Tiangen Biotech, Beijing, China). 
PCR amplification was performed using TaqMan Human 
MicroRNA Assay (Applied Biosystems; Thermo Fisher 
Scientific, Inc.) and UltraSYBR Mixture (CW0957; CWbio, 
Beijing, China) in LC 480 PCR System (Roche Diagnostics, 
Indianapolis, IN, USA). U6 and 18S was employed as refer-
ence genes to normalize the expression of miR‑4695‑5p or 
AFAP1‑AS1 and TCF4. The primers used were synthesized 
and purchased from Genecopoeia (Guangzhou, China). 
Relative expression level was analyzed on the basis of the 
2‑ΔΔCq method (18).

Tumor xenograft. 4‑6-weeks old female BALB/c nude mice 
were used for all in  vivo xenograft studies. All animal 
experiments were approved by the Animal Care and Use 
Committee of The First Affiliated Hospital of Jiamusi 
University. Cells were injected subcutaneously into the 
flanks of nude mice (2x106 cells per animal). All mice were 
sacrificed 35 days after seeding of tumor cells, and the tumor 
weights measured.

Luciferase assays. Wild‑type (WT) or mutant (Mut) frag-
ment (801‑1,660 bp) of AFAP1‑AS1 containing the predicted 
miR‑4695‑5p binding sites were designed, constructed 
and cloned by Sangon Biotech (Shanghai, China) down-
stream of the firefly luciferase gene in the pGL3‑control 
vector (Promega Corporation, Madison, WI, USA) to form 
pGL3‑AFAP1‑AS1‑WT and pGL3‑AFAP1‑AS1‑Mut, respec-
tively.

For the luciferase reporter assays, OS cells were seeded 
into 12‑well plate cells and co‑ransfected with 300 ng of 
pGL3‑AFAP1‑AS1‑WT or pGL3‑AFAP1‑AS1‑Mut and 50 nM 
of miR‑4695‑5p or NC using Lipofectamine 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.). Cells were collected 48 h after 
transfection, and luciferase activity was measured using a 
dual‑luciferase reporter assay system (Promega Corporation). 
The firefly luciferase activity of each sample was normalized 
to the Renilla luciferase activity of each sample.

Statistical analysis. Each experiment was repeated at least 
three times. All data are expressed in terms of mean ± standard 
deviation. The Kaplan‑Meier method was used to calculate 
the survival curve, and log‑rank test to determine statistical 
significance. Student's t‑test and one‑way ANOVA followed by 
Tukey's post hoc test were used to analyze 2 or multiple groups, 
respectively, for statistical significance. Pearson correlation 
coefficient analysis was used to determine the correlations. 
P<0.05 was considered to indicate a statistically significant 
difference.
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Results

AFAP1‑AS1 is highly expressed in OS tissues. Firstly, we 
analyzed the expression patterns of AFAP1‑AS1 in OS 
tissues by RT‑qPCR. We examined the levels of AFAP1‑AS1 
in 49 OS tissues and paired adjacent normal tissues, and 
found that the expression of AFAP1‑AS1 was significantly 
upregulated in OS tissues compared to adjacent normal tissues 
(Fig. 1A). Consistently, the expression of AFAP1‑AS1 was also 
upregulated in OS cell lines, including Saos‑2, U2OS, MG‑63 
and 143B cells, compared with hFOB1.19 cells (Fig. 1B). To 
analyze whether AFAP1‑AS1 could serve as a prognostic 
marker for OS patients, we performed Kaplan‑Meier survival 
curve analysis, and found that higher expression of AFAP1‑AS1 
in OS patients showed lower overall and progression‑free 
survival rates (Fig. 1C and D).

AFAP1‑AS1 depletion suppresses the proliferation and inva‑
sion of OS cells. To explore the function of AFAP1‑AS1 in 
OS cells, we silenced AFAP1‑AS1 in Saos‑2 and U2OS cells. 
RT‑qPCR analysis indicated that AFAP1‑AS1 expression 
was significantly downregulated in Saos‑2 and U2OS cells 
transfected with siAFAP1‑AS1 (Fig. 2A). Then CCK‑8 assays 
were used to analyze the effect of AFAP1‑AS1 knockdown 
on cell proliferation. As shown, knockdown of AFAP1‑AS1 
significantly inhibited the proliferation of Saos‑2 and U2OS 
cells (Fig. 2B and C). Due to the correlation between cancer 
cell metastasis and tumor malignance, we then determined the 
effect of AFAP1‑AS1 on tumor cell metastasis. Through tran-
swell invasion assays, we found that AFAP1‑AS1 knockdown 
significantly reduced the numbers of invaded Saos‑2 and U2OS 
cells (Fig. 2D). To further determine the effect of AFAP1‑AS1 
on tumor growth in vivo, we conducted a xenograft experi-
ment. We injected AFAP1‑AS1‑silenced or control Saos‑2 
cells into nude recipient mice. After 5 weeks, we sacrificed 
these mice and measured tumor weights. The results indicated 
that knockdown of AFAP1‑AS1 significantly decreased the 
tumor size (Fig. 2E). Taken together, our results demonstrated 
that AFAP1‑AS1 serves as an oncogene to regulate OS cell 
proliferation and invasion.

AFAP1‑AS1 suppresses the expression of miR‑4695‑5p in 
OS cells. LncRNAs have been shown to sponge miRNAs and 
regulate gene expression. In order to determine the mechanism 
of AFAP1‑AS1 in OS cells, we explored the target miRNAs. 
Through bioinformatics analysis, we found that miR‑4695‑5p 
was the most potential candidate. We found that there were 
three potential binding sites of miR‑4695‑5p in AFAP1‑AS1 
(Fig. 3A). To verify their interaction, we conducted luciferase 
reporter assays using WT or Mut AFAP1‑AS1 reporter plasmid. 
We first confirmed the overexpression of miR‑4695‑5p 
in Saos‑2 and U2OS cells after transfection (Fig.  3B). 
Furthermore, overexpression of miR‑4695‑5p significantly 
inhibited the luciferase activity in Saos‑2 cells transfected 
with WT‑AFAP1‑AS1, whereas mutation of these binding 
sites abrogated this effect (Fig. 3B). Furthermore, RT‑qPCR 
analysis indicated that overexpression of miR‑4695‑5p mark-
edly suppressed the expression of AFAP1‑AS1 in Saos‑2 and 
U2OS cells (Fig. 3C). In addition, we found that knockdown of 
AFAP1‑AS1 also promoted the levels of miR‑4695‑5p in Saos‑2 

and U2OS cells (Fig. 3D). Then we overexpressed AFAP1‑AS1 
and overexpression of AFAP1‑AS1 reduced the expression of 
miR‑4695‑5p in Saos‑2 and U2OS cells (Fig. 3E). Summarily, 
above data indicated that AFAP1‑AS1 sponged miR‑4695‑5p 
to regulate its expression in OS cells.

TCF4 is a direct target of miR‑4695‑5p in OS cells. To further 
explore the downstream mechanism of miR‑4695‑5p, we 
searched the target genes of miR‑4695‑5p. Using TargetScan 
website, we found that TCF4 was one of potential target genes 
of miR‑4695‑5p in OS cells. TCF4 is a pivot transcription factor 
of Wnt/β‑catenin pathway and involved in tumor progression 
in various cancers. Therefore, we chose TCF4 for further 
investigation. We also found that there was a potential binding 
site of miR‑4695‑5p in the 3'‑URT region of TCF4 mRNA 
(Fig. 4A). Luciferase reporter assays indicated that overex-
pression of miR‑4695‑5p significantly repressed the luciferase 
activity in Saos‑2 cells transfected with WT‑TCF4‑3'‑UTR 
(Fig. 4B). Besides, RT‑qPCR showed that overexpression of 
miR‑4695‑5p inhibited the mRNA levels of TCF4 in Saos‑2 
and U2OS cells (Fig. 4C). Moreover, there was a reversely 
correlation between the expression of miR‑4695‑5p and TCF4 
in OS tissues (Fig. 4D). Then we performed western blot to 
analyze the activation of Wnt/β‑catenin pathway. Cyclin D1 
and MYC are two classical target genes of Wnt/β‑catenin 
pathway. Therefore, we chose them as markers for evaluation 
of Wnt/β‑catenin pathway activation. The results indicated 
that both overexpression of miR‑4695‑5p and AFAP1‑AS1 
knockdown inhibited the protein levels of TCF4, Cyclin D1 
and MYC in Saos‑2 and U2OS cells (Fig. 4E). Taken together, 
our results indicated that miR‑4695‑5p and AFAP1‑AS1 regu-
lated TCF4 expression and Wnt/β‑catenin pathway activation 
in OS cells.

Figure 1. AFAP1‑AS1 was highly expressed in OS tissues. (A) Relative 
expression levels of AFAP1‑AS1 in 49 paired OS tissues and adjacent normal 
tissues. (B) RT‑qPCR analysis showed that AFAP1‑AS1 was upregulated in 
OS cell lines compared to hFOB1.19 cells. (C and D) Kaplan‑Meier analysis 
was conducted to measure the probabilities of overall and progression‑free 
survival in OS patients based on AFAP1‑AS1 expression levels. The 
results represented three independent experiments and were expressed as 
mean ± SD. *P<0.05 and **P<0.01 vs. the control group. OS, osteosarcoma; 
RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction.
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AFAP1‑AS1 promotes OS cell proliferation and invasion by 
regulating activation of TCF4/β‑catenin pathway. Then we 
analyzed the expression of TCF4 in OS tissues and found that 
TCF4 expression was significantly upregulated in OS tissues 
compared with adjacent normal tissues (Fig. 5A). To further 
confirm that TCF4 is indispensable for the role of AFAP1‑AS1 
in OS cells, we restored the protein level of TCF4 in Saos2 and 
U2OS cells transfected with siAFAP1‑AS1 or miR‑4695‑5p 
mimics. RT‑qPCR and Western blot showed that the expres-
sion of TCF4 was significantly upregulated in these two cells 
(Fig. 5B). Moreover, CCK‑8 and transwell invasion assays 
indicated that miR‑4695‑5p overexpression or AFAP1‑AS1 
knockdown inhibited cell proliferation and invasion, while 
restoration of TCF4 significantly rescued the proliferation 
and invasion of Saos‑2 and U2OS cells (Fig.  5C  and  D). 
In conclusion, these data indicated that AFAP1‑AS1 

promoted OS cell proliferation and invasion by regulating 
miR‑4695‑5p/TCF4/β‑catenin signaling.

Discussion

LncRNA AFAP1‑AS1 has been demonstrated to be overex-
pressed and act as an oncogene in several cancers (16,17). 
For instance, Han et al reported that AFAP1‑AS1 is over-
expressed in colorectal cancer, and promotes tumor growth 
and metastasis  (19). Zhang et al reported that upregulated 
AFAP1‑AS1 expression promotes hepatocellular carcinoma 
cell proliferation and invasion, and predicts a poor prog-
nosis (20). In addition, Deng et al showed that AFAP1‑AS1 
overexpression is associated with a poor prognosis in NSCLC 
patients  (21). Nevertheless, the function of AFAP1‑AS1 in 
OS remains largely unknown. In this study, we found that 

Figure 3. AFAP1‑AS1 suppressed the expression of miR‑4695‑5p in OS cells. (A) Four potential binding sites of miR‑4695‑5p were shown in AFAP1‑AS1. 
(B) RT‑qPCR analysis for miR‑4695‑5p expression in Saos‑2 and U2OS cells, followed by luciferase reporter assays using WT and Mut AFAP1‑AS1 reporter 
in Saos‑2 cells. (C) RT‑qPCR analysis indicated that overexpression of miR‑4695‑5p suppressed the expression of AFAP1‑AS1 in Saos‑2 and U2OS cells. 
(D) RT‑qPCR results showed that knockdown of AFAP1‑AS1 increased the levels of AFAP1‑AS1 and miR‑4695‑5p in Saos‑2 and U2OS cells. (E) RT‑qPCR 
analysis was used to determine the levels of miR‑4695‑5p in Saos‑2 and U2OS cells transfected with AFAP1‑AS1 or empty vector. The results represented 
three independent experiments and were expressed as mean ± SD. *P<0.05 and **P<0.01 vs. the control group. OS, osteosarcoma; RT‑qPCR, reverse transcrip-
tion‑quantitative polymerase chain reaction; WT, wild‑type; Mut, mutant.

Figure 2. AFAP1‑AS1 depletion suppressed the proliferation and invasion of OS cells. (A) RT‑qPCR was utilized to check the expression of AFAP1‑AS1 in 
Saos‑2 and U2OS cells transfected with scramble or siAFAP1‑AS1. (B and C) CCK‑8 assay indicated that AFAP1‑AS1 knockdown inhibited the proliferation 
of Saos‑2 and U2OS cells. (D) Transwell assays indicated that AFAP1‑AS1 knockdown reduced the invasion of Saos‑2 and U2OS cells. (x100, magnifications). 
(E) Tumor weights were determined at the endpoint of xenograft experiments. The results represented three independent experiments and were expressed as 
mean ± SD. *P<0.05, **P<0.01 and ***P<0.001 vs. the control group. OS, osteosarcoma; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction; 
CCK‑8, Cell Counting Kit‑8.
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AFAP1‑AS1 was significantly upregulated in OS tissues and 
cell lines. Moreover, AFAP1‑AS1 overexpression predicted 
a poor prognosis in OS patients. Furthermore, functional 
experiments indicated that loss of AFAP1‑AS1 expression led 
to reduced proliferation and invasion of OS cells in vitro. We 
also showed that AFAP1‑AS1 knockdown resulted in delayed 

tumor growth in vivo. Taken together, our data indicated that 
AFAP1‑AS1 functions as an oncogene and might be involved 
in OS development and progression.

Accumulating evidences indicate that lncRNAs could 
regulate gene expression through various mechanisms, 
including RNA decay, chromatin remodeling and miRNA 

Figure 4. TCF4 was a direct target of miR‑4695‑5p in OS cells. (A) Predicted binding site of miR‑4695‑5p in the 3'‑UTR of TCF4 mRNA. (B) Luciferase 
reporter assays indicated that overexpression of miR‑4695‑5p suppressed the luciferase activity in Saos‑2 cells transfected with WT 3'‑UTR. (C) RT‑qPCR 
analysis indicated that overexpression of miR‑4695‑5p inhibited the mRNA levels of TCF4 in Saos‑2 and U2OS cells. (D) RT‑qPCR analysis showed that the 
expression of miR‑4695‑5p was reversely correlated with that of TCF4 in OS tissues. (E) Overexpression of miR‑4695‑5p suppressed the protein level of TCF4 
and activation of Wnt/β‑catenin pathway in Saos‑2 and U2OS cells. The protein level of TCF4, Cyclin D1 and MYC were measured by western blot. GAPDH 
was chose as a loading control. The results represented three independent experiments and were expressed as mean ± SD. *P<0.05 and **P<0.01 vs. the control 
group. TCF4, transcription factor 4; OS, osteosarcoma; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction.

Figure 5. AFAP1‑AS1 promoted OS cell proliferation and invasion by regulating activation of TCF4/β‑catenin pathway. (A) RT‑qPCR was used to determine 
the expression of TCF4 in 58 paired OS tissues and adjacent normal tissues. (B) RT‑qPCR analysis indicated TCF4 expression was significantly upregulated 
after transfection and western blot indicated that ectopic expression of TCF4 restored the TCF4 protein level and Wnt/β‑catenin pathway activation in Saos‑2 
and U2OS cells transfected with siAFAP1‑AS1 or miR‑4695‑5p mimics. (C) CCK‑8 assays were used to measure the proliferation of Saos‑2 and U2OS 
cells. (D) Transwell assays were utilized to determine the invasion of Saos‑2 and U2OS cells. The results represented three independent experiments and 
were expressed as mean ± SD. **P<0.01 vs. the control group. TCF4, transcription factor 4; OS, osteosarcoma; RT‑qPCR, reverse transcription‑quantitative 
polymerase chain reaction; CCK‑8, Cell Counting Kit‑8.
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sponging (22,23). It was reported that AFAP1‑AS1 regulates 
PTEN/AKT pathway to enhance gastric cell prolifera-
tion (23). Wang et al reported Upregulation of AFAP1‑AS1 
promotes the proliferation, invasion and survival of tongue 
squamous cell carcinoma cell by activation of Wnt/β‑catenin 
signaling pathway (17). However, how AFAP1‑AS1 activates 
these signaling pathway remains unclear. And the under-
lying molecular mechanism of AFAP1‑AS1 in cancer cells 
requires to be investigated. In this study, our results indicated 
that AFAP1‑AS1 could directly associate with miR‑4695‑5p 
to serve as a competing endogenous RNA. Though luciferase 
reporter assays and RT‑qPCR analysis, we demonstrated 
their direct interaction. miRs have been widely acknowl-
edged as essential regulators in human cancers, including 
OS (24). miRs could bind to the complementary sequence 
in the 3'‑UTR region of target mRNAs and regulate gene 
expression  (25). Until now, the function of miR‑4695‑5p 
remains totally unclear. Therefore, to determine the role of 
miR‑4695‑5p in OS and whether AFAP1‑AS1 promoted OS 
cell proliferation and invasion by sponging miR‑4695‑5p, 
we further investigated the downstream mechanism of 
miR‑4695‑5p. Through bioinformatics analysis and func-
tional experiments, we demonstrated TCF4 was a direct 
target of miR‑4695‑5p in OS cells, which suggested that 
miR‑4695‑5p might act as a tumor suppressor via targeting 
TCF4.

After initiation of Wnt/β‑catenin signaling, β‑catenin 
translocates to the nucleus and binds to TCF4, which leads 
to transcriptional activation of downstream oncogenic 
genes, such as MYC and Cyclin D1, by β‑catenin‑TCF4 
complex (26). Aberrant activation of this signaling has been 
observed in many cancers, including colorectal cancer (27), 
esophageal squamous cell carcinoma (28), clear cell renal cell 
carcinoma (29) and lung cancer (30). The knowledge about 
how TCF4 expression is regulated is limited. In our study, we 
demonstrated AFAP1‑AS1/miR‑4695‑5p axis regulated the 
expression of TCF4 and consequently influenced the activation 
of Wnt/β‑catenin pathway in OS cells. Moreover, we showed 
that knockdown of AFAP1‑AS1 or miR‑4695‑5p overexpres-
sion suppresses OS cell proliferation and invasion. However, 
restoration of TCF4 protein levels significantly rescued 
the proliferation and invasion of OS cells transfected with 
siAFAP1‑AS1 or miR‑4695‑5p mimics. These data suggested 
that upregulation of TCF4 by AFAP1‑AS1/miR‑4695‑5p axis 
promoted OS progression.

In conclusion, our findings demonstrate that AFAP1‑AS1 
is overexpressed in OS tissues and associated with poor prog-
nosis of OS patients. AFAP1‑AS1 promotes the proliferation 
and invasion of OS cells through inhibition of miR‑4695‑5p 
and activation of TCF4‑β‑catenin signaling. Our data eluci-
dated a potential mechanism underlying the tumor‑oncogenic 
role of AFAP1‑AS1 in OS.
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