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Abstract. A recent study characterized the long non‑coding 
RNA (lncRNA) ELF3‑antisense RNA 1 (ELF3‑AS1) as an 
oncogenic lncRNA in bladder cancer. The present study aimed 
to investigate the role of ELF3‑AS1 in osteosarcoma (OS). 
It was found that ELF3‑AS1 was upregulated in OS tissues, 
and ELF3‑AS1 expression level increased with increasing 
clinical stage. In OS tissues, Kruppel‑like factor 12 (KLF12) 
was positively correlated with ELF3‑AS1, while microRNA 
(miR)‑205 was negatively correlated with ELF3‑AS1. 
ELF3‑AS1 overexpression resulted in the upregulation of 
KLF12, but the downregulation of miR‑205. Overexpression 
of miR‑205 caused downregulation of KLF12, but had no 
significant effects on ELF3‑AS1 expression. Overexpression 
of KLF12 showed no significant impact on ELF3‑AS1 and 
miR‑205. ELF3‑AS1 and KLF12 overexpression resulted in an 
increased proliferation rate in OS cells, while miR‑205 played 
an opposite role and attenuated the effects of ELF3‑AS1 
overexpression. ELF3‑AS1 overexpression promoted the 
methylation of the miR‑205 gene. Therefore, ELF3‑AS1 may 
promote OS cell proliferation by upregulating KLF12 through 
the methylation of the miR‑205 gene.

Introduction

Osteosarcoma (OS) is the most common primary sarcoma of 
the bone and mainly affects adolescents and children (1,2). In 
spite of the low incidence rate, OS cause a considerable number 
of cancer‑related deaths due to its highly aggressive nature and 
systemic metastasis occurs at early stages (2,3). With the devel-
opment of therapeutic approaches and diagnostic techniques, 

the overall survival rate has increased from 20  to 65‑75% 
during the past century (4). However, cancer metastasis, such 
as lung metastasis can easily occur, and only less than 30% 
of OS patients with metastatic OS can survive. The high 
mortality rate is mainly because most OS patients with cancer 
metastasis inevitably develop resistance to currently available 
chemical drugs (5).

Genetic factors are critical players in the occurrence and 
development of OS (6,7). Non‑coding RNAs, such as miRNAs 
and long (>200 nt) non‑coding RNAs (lncRNAs) encode no 
proteins but participate in cancer development by regulating 
gene expression (8‑10). ncRNA‑targeted therapies have shown 
promising potentials in cancer diagnosis and prognosis (11), 
while the function of most ncRNAs is hardly known, which 
limits their clinical applications. LncRNA ELF3‑AS1 has been 
reported to be an oncogenic lncRNA in bladder cancer (12). 
Our preliminary data showed that ELF3‑AS1 was inversely 
correlated with miR‑205, which plays tumor‑suppressive or 
oncogenic roles in different types of cancer (13,14). It is known 
miR‑205 can directly target KLF12 in basal‑like breast carci-
noma (15). The present study was carried out to investigate the 
interaction between miR‑205, KLF12 and ELF3‑AS1 in OS.

Materials and methods

Research subjects. The First Affiliated Hospital of Wannan 
Medical College (Wuhu, China) admitted 79 patients with OS 
during the period between December 2015 and December 2018. 
The current study selected 40 (25 males and 17 females; range, 
19‑48  years; mean age, 33.2±5.4  years) of these patients 
according to strict criteria. The inclusion criteria were as 
follows: i) Newly diagnosed patients with OS; and ii) all major 
organs showed normal functions. The exclusion criteria were 
as follows: i) therapies initiated before admission; ii) family 
history of malignancies; or iii) previous history of malignan-
cies. Patients with OS were staged according to American 
Joint Committee on Cancer criteria  (16), and there were 
8, 13, 11 and 8 cases at stages I‑IV, respectively. All patients 
were informed of experimental details and consented to the 
use of their samples in this study, and the Ethics Committee 
of the First Affiliated Hospital of Wannan Medical College 
approved the study.
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Tissues. Patients with OS were diagnosed by biopsy. During a 
biopsy, OS tumor and non‑tumor (within 2 cm of the tumor) 
tissues were collected from each patient. The weight of tissues 
were 0.08‑0.12 g, and the tissue types were confirmed by 
histopathological examinations.

Cells and transient transfection. The human OS cell line U2OS 
(ATCC) was used in this study. Eagle's minimum essential 
medium (American Type Culture Collection) with 10% FBS 
(Sigma‑Aldrich; Merck KGaA) was used as a cell culture 
medium, and cell culture conditions were 37˚C and 5% CO2. 
KLF12 and ELF3‑AS1 expression vectors were constructed 
by Sangon Biotech Co., Ltd. using the pcDNA3.1 vector. 
Negative control miRNA (5'‑UGA​CGU​CAG​UCG​UAG​GUA​
CGU​G‑3') and miR‑205 mimic (5'‑UCC​UUC​AUU​CCA​CCG​
GAG​UCU​G‑3') were purchased from Sigma‑Aldrich (Merck 
KGaA). KLF12 and ELF3‑AS1 expression vector (10 nM), or 
10 nM empty pcDNA3 vector (negative control, NC1), 45 nM 
miR‑205 mimic or negative control miRNA (NC2, targets 
to a non‑human sequence) were transfected into 106 U2OS 
cells using Lipofectamine® 2000 reagent (Sigma‑Aldrich; 
Merck KGaA). Untransfected cells were control cells (C). The 
subsequent experiments were performed using cells collected 
at 24 h after transfection.

RT‑qPCR. RiboZol™ RNA extraction reagent (VWR 
International) was mixed with U2OS cells and tissue powder 
(ground in liquid nitrogen before use) to extract total RNA. 
SensiFAST™ cDNA Synthesis kit (Bioline) was used to 
perform RT. Temperature conditions for RT were 55˚C for 
30 min and 80˚C for 10 min. SYBR Green Master mix (Bio‑Rad 
Laboratories, Inc.) was used for preparation of qPCR mixtures. 
18S rRNA and GAPDH were used as endogenous controls to 
detect the expression of KLF12 and ELF3‑AS1, respectively. To 
detect miR‑205 expression, an miRNA Isolation kit (Geneaid 
Biotech Ltd.) was used to extract miRNA. miRNA reverse 
transcription and qPCR were performed using All‑in‑One™ 
miRNA qRT‑PCR Detection Kit (Genecopoeia, Inc.). U6 was 
used as an endogenous control for miR‑205. Primer sequences 
were as follows: ELF3‑AS1 forward 5'‑TGA​AGT​CAT​CAC​
GAA​CCG‑3' and reverse, 5'‑GAG​CCC​CAA​GTT​AAT​GCG‑3'; 
KLF12 forward 5'‑gat​gaa​ttg​ttg​cag​ccc​ca‑3' and 
reverse, 5'‑cat​ttg​aaa​taa​tga​cca​ag‑3'; GADPH 
forward 5'‑CCA​GGG​CTG​CTT​TTA​ACT​CT‑3' and reverse, 
5'‑GGA​CTC​CAC​GAC​GTA​CTC​A‑3'. The forward primer for 
miR‑205 was 5'‑ucc​uuc​auu​cca​ccg​gag​u‑3', and the 
reverse primer for miR‑205 and both U6 primers were from 
the kit. Thermocycling conditions for all qPCR reactions were 
95˚C for 40 sec, followed by 95˚C for 10 sec and 60˚C for 
30 sec for 40 cycles. Each sample was measured in triplicate, 
and the 2‑ΔΔCq method was used to process data (17).

Methylation‑specific PCR (MSP). Genomic DNA was 
extracted from U2OS cells using a genomic DNA extraction kit 
(cat. no. ab156900; Abcam). All DNA samples were processed 
using a Methylation‑Gold™ kit (Zymo Research Corp.). 
Routine Taq DNA polymerase (New England BioLabs, Inc.) 
was used to perform the subsequent PCR. Primer sequences 
were as follows: Methylation (M) forward, 5'‑TTG​TTT​TGA​
TGA​TTA​TGA​AGG​AAT​G‑3' and reverse, 5'‑ACC​CCT​AAA​

CTA​ACT​AAA​CCC​AAA​C‑3'; unmethylation (U) forward 
5'‑TCT​GCC​CTG​ATG​ATC​ATG​AAG​G‑3' and reverse, 5'‑CCT​
GGG​CTG​ACT​GAA​CCC​AAG​CC‑'. Thermocycling condi-
tions were 95˚C for 40 sec, followed by 95˚C for 30 sec, 55˚C 
for 30 sec and 72˚C for 40 sec for 30 cycles .PCR products were 
subjected to 1.5% agarose gel electrophoresis (80 v for 15 min) 
and ethidium bromide staining (10 min at room temperature).

Measurement of cell proliferation ability. U2OS cells were 
harvested at 24 h after transfections, and 4x104 cells were 
mixed with 1 ml Eagle's minimum essential medium with 
10% FBS to prepare single‑cell suspensions. A 96‑well cell 
culture plate was used to cultivate the cells at 37˚C and in 
5% CO2, and 10 µl Cell Counting Kit‑8 reagent (Dojindo 
Molecular Technologies, Inc.) was added at 2 h Prior to cell 
collection. Cells were collected every 24 h for a total of 4 days. 
Subsequently, cell proliferation rates were calculated based on 
OD values measured at a wavelength of 450 nm.

Western blot analysis. RIPA solution (Sangon Biotech Co., 
Ltd.) was used to extract total protein from both tissues and 
transfected cells. Proteins were denatured in boiling water for 
10 min, and SDS‑PAGE was performed using 12% gels with 
30 µg protein per lane. Proteins were transferred to PVDF 
membranes, followed by blocking in 5% non‑fat milk for 2 h 
at 25˚C. Subsequently, the membranes were incubated with 
rabbit polyclonal primary antibodies against GAPDH (1:1,300; 
cat. no. ab9485; Abcam) and KLF12 (1:1,200; cat. no. ab221602; 
Abcam) overnight at 4˚C, followed by incubation with goat 
anti‑rabbit IgG horseradish peroxidase‑conjugated secondary 
antibody (1:2,000; cat. no. sc‑2004; Santa Cruz Biotechnology, 
Inc.) for 2  h at room temperature. ECL (Sigma‑Aldrich; 
Merck KGaA) was used to develop signals. ImageJ software 
(version  1.46; National Institutes of Health) was used to 
analyze data.

Statistical analysis. Mean values (± SEM) represent data from 
3 biological replicates. GraphPad Prism 6 (GraphPad, Inc.) 
was used to perform all statistical analysis. Paired Student's 
t‑test was used to compare the differences between 2 types of 
tissues from OS patients. One‑way ANOVA and Tukey's post 
hoc test were used to explore the differences between different 
patient and cell groups. Correlations were analyzed by linear 
regression. P<0.05 was considered to indicate a statistically 
significant difference.

Results

ELF3‑AS1 is upregulated in OS and affected by cancer 
development. ELF3‑AS1 expression was compared between 
tumor and non‑tumor tissues. It was observed that expres-
sion levels of ELF3‑AS1 were significantly higher in OS 
tissues compared with non‑tumor tissues (Fig. 1A; P<0.05). 
ELF3‑AS1 expression data in OS tissues were compared 
between patients at 4 clinical. It was observed that ELF3‑AS1 
expression levels in OS tissues increased with increasing 
clinical stages (Fig. 1B; P<0.05).

KLF12 and miR‑205 are significantly correlated with 
ELF3‑AS1 in OS. KLF12 and miR‑205 expression were also 
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detected in tumor and non‑tumor tissues. It was observed that 
miR‑205 was significantly downregulated (Fig. 2A; P<0.05), 
while KLF12 was upregulated (Fig. 2B; P<0.05) in OS tissues 
compared with non‑tumor tissues. ELF3‑AS1 expression was 
found to be negatively correlated with miR‑205 expression 
(Fig.  2C), while ELF3‑AS1was positively correlated with 
KLF12 (Fig. 2D).

ELF3‑AS1 upregulates KLF12 through miR‑205. ELF3‑AS1 
and KLF12 expression vectors, as well as miR‑205 mimic, were 

transfected into U2OS cells. Compared with C and NC groups, 
expression levels of ELF3‑AS1, miR‑205 and KLF12 were 
significantly upregulated at 24 h after transfection (Fig. 3A; 
P<0.05). ELF3‑AS1 overexpression resulted in miR‑205 down-
regulation (P<0.05), while miR‑205 overexpression failed to 
affect ELF3‑AS1 (Fig. 3B). ELF3‑AS1 overexpression resulted 
in upregulated KLF12, while overexpression of miR‑205 led to 
downregulated KLF12 expression at both mRNA and protein 
levels (Fig. 3C; P<0.05). Overexpression of miR‑205 reduced 
the effects of ELF3‑AS1 overexpression in cells transfected 

Figure 1. ELF3‑AS1 is upregulated in OS tissues compared with non‑tumor tissues and is associated with cancer stage. (A) ELF3‑AS1 expression in OS and 
non‑tumor tissues. (B) ELF3‑AS1 expression levels in OS tissues of patients based on each clinical stage *P<0.05. ELF3‑AS1, ELF3‑antisense RNA 1; OS, 
osteosarcoma.

Figure 2. KLF12 and miR‑205 expression is altered in OS and is correlated with ELF3‑AS1 expression. (A) miR‑205 and (B) KLF12 expression in OS and 
non‑tumor tissues; *P<0.05. (C) Linear regression analysis of ELF3‑AS1 expression and expression of (C) miR‑205 and (D) KLF12. KLF12, Kruppel‑like 
factor 12; miR, microRNA; ELF3‑AS1, ELF3‑antisense RNA 1; OS, osteosarcoma.
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with both the ELF3‑AS1 expression vector and miR‑205 
mimic (Fig.  3C; P<0.05). Additionally, overexpression of 
KLF12 exhibited no significant impact on ELF3‑AS1 and 
miR‑205 expression (Fig. 3D).

ELF3‑AS1 promotes OS cell proliferation through KLF12 
and miR‑205. Analysis of cell proliferation revealed that, 
compared with the C group, ELF3‑AS1 and KLF12 overex-
pression resulted in an increased proliferation rate in OS cells 

at 96 h after the initiation of cell culture, while overexpression 
miR‑205 played an opposite role and attenuated the effects of 
ELF3‑AS1 overexpression (Fig. 4; P<0.05).

ELF3‑AS1 promotes the methylation of miR‑205 gene. MSP 
was performed to analyze the effects of ELF3‑AS1 overex-
pression on miR‑205 gene methylation. It was observed that 
ELF3‑AS1 overexpression led to increased methylation of the 
miR‑205 gene (Fig. 5).

Figure 3. Overexpression of ELF3‑AS1 in osteosarcoma cells upregulates KLF12 potentially via downregulation of miR‑205. (A) Expression levels of 
ELF3‑AS1, KLF12 and miR‑205 in cells transfected with ELF3‑AS1, KLF12 expression vectors or miR‑205 mimic. (B) miR‑205 expression in cells with 
ELF3‑AS1 overexpression (left), and ELF3‑AS1 expression in cells with miR‑205 overexpression (right). (C) KLF12 expression at mRNA and protein levels 
in cells with ELF3‑AS1 and/or miR‑205 overexpression. (D) ELF3‑AS1 (left) and miR‑205 (right) expression in cells with KLF12 overexpression. *P<0.05. 
C, untransfected control; NC1, empty vector negative control; NC2, miRNA negative control; KLF12, Kruppel‑like factor 12; miR, microRNA; ELF3‑AS1, 
ELF3‑antisense RNA 1.
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Discussion

The expression pattern and function of ELF3‑AS1 have 
been investigated in the present study. ELF3‑AS1 was fond 
to be upregulated in OS tissues compared with adjacent 
non‑tumor tissue, and overexpression of ELF3‑AS1 promoted 
the proliferation of OS cells by upregulating KLF12 through 
miR‑205. A previous study found that miR‑205 can directly 
target KLF12 in basal‑like breast carcinoma (15).

miR‑205 serves different roles in various types of 
cancer (13,14). In esophageal adenocarcinoma, miR‑205 is 
downregulated and inhibits the development of cancer (13). 
By contrast, in squamous cell carcinoma of the esophagus and 

ovarian cancer, miR‑205 is upregulated and promotes cancer 
progression by targeting tumor suppressors such as PTEN and 
SMAD4 (13,14). In a recent study, miR‑205 was found to target 
KLF12 directly and to be involved in the regulation of cancer 
cell apoptosis and invasion in basal‑like breast carcinoma (15). 
KLF12 is a zinc finger DNA‑binding transcription factor 
that regulates gene expression (18). In many types of cancer, 
including colorectal cancer, KLF12 promotes the growth of 
the tumor by regulating cancer‑related factors, such as early 
growth response protein 1 (18). In the present study, upregu-
lated KLF12 and downregulated miR‑205 were observed 
in OS tissues, and the miR‑205 overexpression in OC cells 
resulted in downregulation of KLF12. Therefore, miR‑205 
may also directly target KLF12 in OS.

In the current study, a reduced cell proliferation rate was 
observed after miR‑205 overexpression and an increased rate 
was observed after KLF12 overexpression. Therefore, miR‑205 
may be a tumor‑suppressive miRNA, while KLF12 may be an 
oncogene in OS. In bladder cancer, ELF3‑AS1 promotes cancer 
development by interacting with KLF8 (12). In the present 
study, ELF3‑AS1 may upregulate KLF12 in OS cells via the 
downregulation of miR‑205. Therefore, ELF3‑AS1 may regu-
late different KLFs in various types of cancer, or ELF3‑AS1 
may regulate multiple KLFs. However, the mechanism under-
lying the inhibition of miR‑205 by ELF3‑AS1 is unclear. It 
is known that lncRNA can inhibit the function of miRNAs 
by serving as miRNA sponges (19,20). However, sponges do 
not downregulate miRNA expression, and in the current study, 
downregulated miR‑205 was observed following ELF3‑AS1 
overexpression. In addition, no target site of miR‑205 was 
found on ELF3‑AS1. However, ELF3‑AS1 overexpression 
led to increased methylation of the miR‑205 gene. Therefore, 
ELF3‑AS1 may downregulate miR‑205 via methylation of its 
gene. It is worth noting that only one cell line was used in this 
study and therefore the findings should be further validated 
using other OS cell lines. In addition, the present study failed 
to perform KLF12 and miR‑205 knockdown experiments. 
Future studies will try to include these experiments to further 
validate the findings. The effects of co‑transfection of miR‑205 
mimic and KLF12 expression vector on the proliferation of OS 
cells should also be investigated to further analyze the inter-
actions between miR‑205 and KLF12 in regulating OS cell 
proliferation. The cell phenotypes were also analyzed after 
transfections, but no significant changes were observed (data 
not shown). Therefore, ELF3‑AS1, miR‑205 and KLF12 may 
have no significant effects on OS cell phenotypes.

In conclusion, ELF3‑AS1 was found to be upregulated in 
OS, and ELF3‑AS1 overexpression may promote the prolifera-
tion of OS cells by upregulating KLF12 potentially through 
methylation of the miR‑205 gene.
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