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Abstract. Osteosarcoma is a malignant bone tumor that 
commonly occurs in young individuals. It accounts for 10% of 
solid tumors in those who are 15‑19 years old. MicroRNA 
(miRNA/miR) dysregulation serves a crucial role in the 
molecular mechanism of osteosarcoma. The present study 
reported a novel miRNA (miR‑1226‑3p) and investigated 
its function in osteosarcoma. miR‑1226‑3p mimics and 
miR‑1226‑3p antisense oligonucleotides were transfected into 
human osteosarcoma SaOS‑2 cells to alter miR‑1226‑3 expres‑
sion, while the hFOB 1.19 cell line was used as the control. The 
apoptosis rate was analyzed using a dead cell apoptosis kit. 
TNF receptor‑associated factor 3 (TRAF3) protein expression 
was assayed by western blotting. The results of bioinformatics 
and clinical specimen analyses revealed that higher expression 
levels of miR‑1226‑3p were associated with lower survival 
rates. Additionally, the results of experiments on cultured 
cells revealed that miR‑1226‑3p promoted the proliferation 
of SaOS‑2 cells, while miR‑1226‑3p inhibition decreased cell 
proliferation and increased apoptosis. Furthermore, it was 
revealed that miR‑1226‑3p targeted TRAF3 in SaOS‑2 cells. 
In conclusion, the present study suggested that miR‑1226‑3p 
promoted the proliferation of osteosarcoma cells.

Introduction

Osteosarcoma is a malignant tumor derived from bone, and it 
most commonly occurs in adolescents, accounting for 10% of 
solid tumors in those who are 15‑19 years old (1‑3). In 2014, 
there were ~24,000 newly diagnosed cases of primary bone 
cancer and 17,200  deaths due to primary bone cancer in 
China (4). The crude incidence rate of primary bone cancer is 
1.76/100,000, and the age‑standardized incidence rate by the 
Chinese standard population is 1.35/100,000 (4).

MicroRNAs (miRNAs) are small, highly conserved, 
non‑coding RNA molecules involved in regulating gene 
expression. They target mRNA molecules for cleavage or 
translational repression, resulting in the degradation of 
mRNA and/or the inhibition of mRNA translation (5). Studies 
have shown that miRNAs may serve important roles in the 
molecular mechanism of osteosarcoma (6,7).

In the present study, a novel miRNA that may serve a role in 
the pathogenesis of osteosarcoma was identified. Raw miRNA 
expression data was downloaded from The Cancer Genome 
Atlas (TCGA), which is a landmark cancer genomics program 
that characterizes >20,000 primary cancers of all types. The 
aim of the TCGA database is to create a comprehensive ‘atlas’ 
of cancer genomic profiles by cataloging and discovering major 
cancer‑causing genomic alterations (8). By searching for novel 
miRNAs associated with the survival of patients with osteosar‑
coma, miR‑1226‑3p was identified as a prime candidate. Some 
studies have revealed that miR‑1226‑3p functions as a tumor 
suppressor and may be associated with tamoxifen resistance in 
breast cancer (9,10). Furthermore, in a recent study, the role of 
miR‑1226‑3p in hepatocellular carcinoma was evaluated, revealing 
that miR‑1226‑3p expression was downregulated in patients with 
hepatocellular carcinoma with progressive disease that developed 
following sorafenib treatment through the inhibition of dual spec‑
ificity protein phosphatase 4 protein expression (11). However, the 
role of miR‑1226‑3p in osteosarcoma remains unknown and was 
therefore investigated in the present study.

Materials and methods

Patients and tissue samples. A total of 35 pairs of osteosarcoma 
and matched adjacent normal tissues (~1 cm from tumor) were 
collected from patients (sex rate female/male, 17/18; age range, 
6‑60 years; mean age, 14.2 years) at the Department of Pediatric 
Surgery, West China Hospital, Sichuan University (Chengdu, 
China). The clinical data of the 35 patients are listed in Table SI. The 
stage of the 35 patients was based on the TNM staging system (12). 
The patient recruitment took place between February 2013 and 
December 2014. The histopathological diagnoses of the 35 paired 
samples were reviewed by a senior pathologist in the Department 
of Pathology of West China Hospital. The Ethics Committee of 
Sichuan University approved the usage of the patients' clinical 
data and tissue samples, and all patients or their guardians 
provided written informed consent for the use of their clinical 
information and tissue samples. The inclusion criteria were as 
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follows: i) Histological diagnosis of high‑grade osteosarcoma, 
ii) no prior history of lenvatinib treatment, iii) life expectancy 
of ≥12 weeks, and iv) adequate organ function per blood work 
results. The exclusion criteria were: i) Any active infection, and 
ii) history of radiotherapy or chemotherapy.

Bioinformatics analysis. For TCGA analysis, the 
pan‑cancer miRNA expression dataset (pancanMiRs_
EBadjOnProtocolPlatform WithoutRepsWithUnCorrect​
MiRs_08_04_16.xena) and clinical information dataset 
(Survival_Supplemental Table_S1_20171025_xena_sp) were 
downloaded using the Xena Browser (https://xenabrowser.
net/). The datasets were processed with the dplyr and tribble 
packages (13). The miRNA expression dataset and clinical infor‑
mation dataset were then merged, and the miRNA information 
from patients with sarcoma was extracted for survival analysis. 
The survminer package (https://cran.r‑project.org/web/pack‑
ages/survminer/index.html) was installed in the R language 
for survival analysis. The clinical data of the patients from 
TCGA are listed in Table SII. In summary, the total number 
of patients with osteosarcoma from TCGA was 368 (sex ratio 
male:female, 160:208; mean age ± SD, 66±14.77 years; age 
range, 20‑90 years). The most common clinicopathological 
subtypes were myxofibrosarcoma (11%), leiomyosarcoma (42%) 
and dedifferentiated liposarcoma (20%).

Cell culture. Human osteosarcoma SaOS‑2 cells (ATCC 
HTB‑85™) and fetal human osteoblastic hFOB  1.19  cells 
were purchased from the American Type Culture Collection. 
SaOS‑2 cells were cultured in McCoy's 5A (Modified) medium 
(cat. no. 16600108; Thermo Fisher Scientific, Inc.) with 10% FBS 
(cat. no. 16140071; Thermo Fisher Scientific, Inc.). hFOB 1.19 cells 
were cultured in DMEM (cat. no. 30030; Thermo Fisher Scientific, 
Inc.) with 2.5 mM L‑glutamine, 0.3 mg/ml G418 and 10% FBS. 
The cells were placed in a cell incubator with 5% CO2 at 37˚C.

Transfections. miR‑1226‑3p mimics and miR‑1226‑3p anti‑
sense oligonucleotides (ASOs) were separately transfected into 
cells in order to increase or decrease miR‑1226‑3p expression, 
respectively. The miR‑1226‑3p mimics, miR‑1226‑3p ASOs and 
the respective scrambled negative controls (NCs) were designed 
and constructed by Sangon Biotech Co., Ltd. The sequences 
of the miR‑1226‑3p mimics and miR‑1226‑3p ASOs were as 
follows: miR‑1226‑3p mimics, 5'‑UCA​CCA​GCC​CUG​UGU​
UCC​CUA​G‑3'; miR‑1226‑3p ASOs, 5'‑AGU​GGC​GGG​ACA​
CAA​GGG​AAA​AAA‑3'; miR‑1226‑3p NC mimics, 5'‑CGG​
UAC​GAU​CGC​GGC​GGG​AUA​UC‑3'; and miR‑1226‑3p 
NC ASOs, 5'‑GCC​AUG​CUA​GCG​CCG​CCC​UAU​AG‑3'. 
Transfections were performed using Lipofectamine® 2000 
(cat. no. 11668019; Thermo Fisher Scientific, Inc.) according 
to the manufacturer's protocol. Briefly, cells were seeded into 
24‑well plates at a density of 5x104 cells/well. miR‑1226‑3p 
mimics or miR‑1226‑3p ASOs (final concentration, 300 nM) 
were separately diluted in 50 µl Opti‑MEM™ Reduced Serum 
Medium (Gibco; Thermo Fisher Scientific, Inc.) without serum. 
Lipofectamine 2000 was mixed gently before use, and 1 µl 
was diluted in 50 µl Opti‑MEM Reduced Serum Medium. 
After incubation for 5 min, the miRNAs (miR‑1226‑3p mimics 
or miR‑1226‑3p ASOs) were separately combined with the 
diluted Lipofectamine 2000, then mixed gently and incubated 

for 20 min at room temperature. Finally, miRNA mimic‑Lipo‑
fectamine  2000 or miRNA ASO‑Lipofectamine  2000 
mixtures were added to the wells containing cells and medium. 
Cells were transfected for 20 min at 37˚C. TRAF3 overexpres‑
sion was achieved via transfection of the pcDNA3.1‑TRAF3 
plasmid. The pcDNA3.1‑TRAF3 plasmid and NC plasmid 
(containing a scrambled shNC sequence) was designed and 
constructed by Sangon Biotech Co., Ltd. Similarly, the plasmids 
(500 ng) were transfected into cells using Lipofectamine 2000 
as aforementioned for 20 min at 37˚C, and then cells were 
incubated at 37˚C overnight. Subsequent experiments were 
performed the next day.

Reverse transcription‑quantitative (RT‑q)PCR. The expres‑
sion levels of miR‑1226‑3p in tissues and cells were analyzed 
by RT‑qPCR using the 2‑∆∆Cq method for quantification (14). In 
detail, total RNA was extracted using the TRIzol™ Plus RNA 
Purification kit (cat. no. 12183555; Thermo Fisher Scientific, 
Inc.). Total RNA was reverse transcribed into cDNA using 
the All‑in‑One™ miRNA First‑Strand cDNA Synthesis kit 
(cat. no. 18091050; Thermo Fisher Scientific, Inc.) according to 
the manufacturer's protocol. miR‑1226‑3p expression was evalu‑
ated using the SuperScript™ III Platinum™ SYBR™ One‑Step 
Green qPCR kit (cat. no. 11736051; Thermo Fisher Scientific, 
Inc.). TNF receptor‑associated factor 3 (TRAF3) mRNA expres‑
sion was assayed using TaqMan™ Fast Advanced Master Mix 
(cat. no. 4444557; Thermo Fisher Scientific, Inc.). The sequences 
of the involved primers were as follows: miR‑1226‑3p‑forward, 
5'‑GTC​ACC​AGC​CCT​GTG​T‑3' and reverse, 5'‑GCA​GGG​TCC​
GAG​GTA​ATT​C‑3'; U6 forward, 5'‑CTC​GCT​TCG​GCA​GCA​
CA‑3' and reverse, 5'‑AAC​GCT​TCA​CGA​ATT​TGC​GT‑3'; 
TRAF3 forward, 5'‑CTC​ACA​AGT​GCA​GCG​TCC​AG‑3' and 
reverse, 5'‑GCT​CCA​CTC​CTT​CAG​CAG​GTT‑3'; and GAPDH 
forward, 5'‑GTC​TCC​TCT​GAC​TTC​AAC​AGC​G‑3' and 
reverse, 5'‑ACC​ACC​CTG​TTG​CTG​TAG​CCA​A‑3'. The primers 
were designed and synthesized by Sangon Biotech Co., Ltd. 
miR‑1226‑3p expression was normalized to U6, which was used 
as the internal reference (15). The qPCR conditions for miRNA 
detection were as follows: 95˚C for 10 min, followed by 38 cycles 
at 95˚C for 1 min and 60˚C for 30 sec. The qPCR conditions for 
TRAF3 detection were as follows: 95˚C for 10 sec, followed by 
40 cycles at 95˚C for 5 sec and 60˚C for 20 sec. GAPDH was 
used as the internal reference for mRNA.

Mutation site and target gene prediction. The potential targets 
of miR‑1226‑3p were predicted using TargetScan software 
(http://www.targetscan.org/vert_72/; version  7.2)  (16‑20). 
TargetScan predicts the biological targets of miRNAs by 
searching for the presence of conserved 8mer, 7mer and 6mer 
sites that match the seed region of each miRNA. The mutation 
in the 3'‑untranslated region (3'‑UTR) of TRAF3 was gener‑
ated using the GeneArt™ Site‑Directed Mutagenesis System 
according to the manufacturer's protocol (cat. no. A13282; 
Thermo Fisher Scientific, Inc.).

Apoptosis analysis. The apoptosis rate was analyzed using 
the Dead Cell Apoptosis kit with Annexin V‑FITC and PI 
(cat. no. V13242; Thermo Fisher Scientific, Inc.). In detail, 
the cells were harvested and washed once in cold PBS 
(1x106 cells/tube). After centrifuging the washed cells in PBS 
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(300 x g at 4˚C for 5 min), the supernatant was discarded, the 
cells were resuspended in 1X Annexin‑binding buffer (100 µl), 
and then Annexin V‑FTIC (5 µl) and PI (1 µl) were added. After 
the mixture was incubated at room temperature for 15 min, the 
apoptosis rate was analyzed using a BD FACSVerse™ flow 
cytometer (BD Biosciences) with a 488‑nm excitation laser. 
The data were analyzed using BD FACSuite™ version 1.01 
(BD Biosciences). Cells in the right quadrants (early and late 
apoptosis) were chosen for apoptosis assay for quantification.

MTT assay. The proliferation of SaOS‑2 cells was analysed using 
the MTT assay. SaOS‑2 cells were seeded into 96‑well plates at 
a density of 5x105 cells/well. MTT reagent was added into the 
culture medium at a final concentration of 0.1 mg/ml. The purple 
formazan crystals were dissolved using 100 µl DMSO, and optical 
density was measured using a microplate reader (Multiskan Sky; 
Thermo Fisher Scientific, Inc.) at a wavelength of 570 nm (21).

Western blot analysis. The SaOS‑2 cells were detached and 
then lysed with radioimmunoprecipitation assay (RIPA) buffer 
(cat. no. 89900; Thermo Fisher Scientific, Inc.) containing 
protease inhibitor (cat. no. 78420; Thermo Fisher Scientific, 
Inc.). Cold RIPA buffer (1 ml) was used for 5x106 cells. The 
mixture was agitated for 30 min at 4˚C and then centrifuged at 
300 x g at 4˚C for 5 min. The protein concentration of the aspi‑
rated supernatant was analyzed using the BCA Protein Assay 
kit (cat. no. ab102536; Abcam). Protein samples (30 µg/lane) 
were loaded and run at 80 V for 2 h via 12% SDS‑PAGE. 
The proteins were transferred onto polyvinylidene fluoride 
membranes that were then immersed in 5% skimmed milk for 
1 h for blocking at room temperature. The membranes were 
cut and incubated overnight at 4˚C separately with primary 
antibodies against TRAF3 (1:1,000; cat. no. ab36988; Abcam) 
and GAPDH (1:1,000; cat.  no.  ab181602; Abcam). After 
washing 3 times for 10 min each time at room temperature in 
TBS with 0.1% Tween‑20, the membranes were incubated with 
HRP‑conjugated goat anti‑rabbit secondary antibody (1:500; 
cat. no. ab205718; Abcam) at room temperature for 2 h. The 
protein bands were visualized using Pierce™ ECL Western 
blotting substrate (cat. no. 32209; Thermo Fisher Scientific, 
Inc.). The images were acquired using the FluorChem System 
(ProteinSimple), and the software used for analysis was 
AlphaView Stand Alone (ProteinSimple; version 3.5.0).

Luciferase reporter assay. The luciferase reporter assay was 
performed using the Dual‑Luciferase Reporter Assay System 
(cat. no. E1910; Promega Corporation). The 3'‑UTR of the 
TRAF3 gene was amplified by PCR and cloned downstream 
of the luciferase gene in the pGL/Promoter vector (Sangon 
Biotech Co., Ltd.) to the wild‑type plasmids. The Renilla 
luciferase gene in the vector acted as a control reporter 
for normalization. SaOS‑2 cells were co‑transfected with 
miR‑1226‑3p mimics and the luciferase‑containing wild‑type 
or mutant 3'‑UTRs of TRAF3 using Lipofectamine® 2000 
(cat. no. 11668019; Thermo Fisher Scientific, Inc.). The cells 
were collected after 24 h of transfection, and luciferase activity 
was analyzed according to the manufacturer's protocol.

Statistical analysis. Experiments were repeated 3  times 
independently. Statistical analysis was performed using 

GraphPad Prism version 5.0 (GraphPad Software, Inc.). All 
results were expressed as the mean ± SD. Overall survival was 
defined as the length of time from the date of cancer diagnosis 
to the date of death from any cause. The Kaplan‑Meier method 

Figure 1. High miR‑1226‑3p expression decreases the survival rates of patients 
with osteosarcoma. (A) Survival analysis of 256 patients with sarcoma from 
TCGA database. The patients with sarcoma were divided into 2  groups 
according to the median miR‑1226‑3p expression value. (B) Survival analysis 
of 35 patients with osteosarcoma from West China Hospital. The patients with 
osteosarcoma were divided into 2 groups according to the median miR‑1226‑3p 
expression value. (C) miR‑1226‑3p expression in the 35 pairs of osteosarcoma 
and corresponding adjacent normal tissues was analyzed by reverse transcrip‑
tion‑quantitative PCR. (D) Paired t‑test of the mean miR‑1226‑3p expression 
values in tumor and normal tissues. Data are presented as the mean ± SD. Each 
experiment was repeated ≥3 times. *P<0.05. miR, microRNA.
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was used to draw the survival curves, and the log‑rank test was 
used to calculate the P‑value. Differences between two groups 
were analyzed by Student's t‑tests. The differences between 
pairs of tumor and normal tissues were analyzed by paired 
Student's t‑test. The difference between two groups, such as 
miR‑1226‑3p expression in two different cell lines or in trans‑
fected or control cells, or the OD values in treated or control 
cells were assessed by unpaired Student's t‑test. Differences 
among 3 groups were assessed by one‑way ANOVA followed 
by Student‑Newman‑Keuls post  hoc test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

High miR‑1226‑3p expression is associated with lower overall 
survival rates. The role of miR‑1226‑3p was initially assessed 
in the survival of patients with sarcoma in TCGA database 
since osteosarcoma accounts for a major portion of sarcoma. 
There were 256 patients with sarcoma in the data frame. 
The median miR‑1226‑3p expression value was 0.97±1.03, 
and patients were divided into 2 groups based on the median 

miR‑1226‑3p expression value to perform survival analysis. It 
was revealed that patients with higher miR‑1226‑3p expression 
in tumor tissues had lower overall survival rates than patients 
with lower miR‑1226‑3p expression (Fig. 1A). Subsequently, 
survival was analyzed in the 35 matched pairs of osteosar‑
coma and adjacent normal tissues collected for the present 
study. miR‑1226‑3p expression in tissues was analyzed by 
RT‑qPCR. The 35 patients with osteosarcoma patients were 
divided into 2 groups according to the median miR‑1226‑3p 
expression value (0.76), and then survival analysis was 
performed. The Kaplan‑Meier method was used to draw the 
survival curves, and the log‑rank test was used to calculate the 
P‑value. Consistently with TCGA data, patients with higher 
miR‑1226‑3p expression in tumor tissues exhibited lower 
overall survival rates than patients with lower miR‑1226‑3p 
expression (Fig. 1B). Moreover, miR‑1226‑3p expression in 
tumor tissues was higher than that in adjacent normal tissues 
(Fig. 1C), with the mean miR‑1226‑3p expression value in 
tumor tissues being significantly higher than that in normal 
tissues (Fig. 1D). Thus, it was hypothesized that miR‑1226‑3p 
served a role in the molecular mechanism of osteosarcoma.

Figure 2. miR‑1226‑3p promotes SaOS‑2 cell proliferation. (A) miR‑1226‑3p expression in hFOB 1.19 and SaOS‑2 cells was analyzed by RT‑qPCR. 
miR‑1226‑3p expression in hFOB 1.19 cells was arbitrarily defined as 100%. (B) miR‑1226‑3p mimics were transfected into SaOS‑2 cells. After 24, 48 and 
72 h, miR‑1226‑3p expression was analyzed by RT‑qPCR. miR‑1226‑3p expression in the miR‑NC‑transfected cells was arbitrarily defined as 100%. (C) Cell 
proliferation was analyzed using the MTT assay at 0, 24, 48 and 72 h after miR‑1226‑3p mimic transfection. Data are presented as the mean ± SD. Each 
experiment was repeated ≥3 times. *P<0.05 vs. hFOB 1.19 or respective NC groups. miR, microRNA; RT‑qPCR, reverse transcription‑quantitative PCR; NC, 
negative control; OD, optical density.
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miR‑1226‑3p promotes SaOS‑2 cell proliferation. Cell experi‑
ments were used to analyze the function of miR‑1226‑3p in 
osteosarcoma. First, miR‑1226‑3p expression was analyzed in 
hFOB 1.19 and SaOS‑2 cells by RT‑qPCR. It was revealed that 
SaOS‑2 cells exhibited significantly higher miR‑1226‑3p expres‑
sion than hFOB 1.19 cells (Fig. 2A). Next, miR‑1226‑3p was 
overexpressed in SaOS‑2 cells by transfection with miR‑1226‑3p 
mimics, and miR‑1226‑3p expression was analyzed at 24, 48 
and 72 h after transfection. miR‑1226‑3p mimics significantly 
increased miR‑1226‑3p expression in SaOS‑2 cells transfected 
for 24, 48 and 72  h compared with their respective NCs 
(Fig. 2B). Using MTT analysis, the proliferation of SaOS‑2 cells 
was assessed after transfection with the miR‑1226‑3p mimics, 
revealing that miR‑1226‑3p mimics significantly promoted the 
proliferation of SaOS‑2 cells after 72 h (Fig. 2C).

Inhibition of miR‑1226‑3p decreases SaOS‑2 cell proliferation 
and promotes apoptosis. miR‑1226‑3p expression was inhib‑
ited in SaOS‑2 cells by transfection with miR‑1226‑3p ASOs. 
At 24, 48 and 72 h after transfection, miR‑1226‑3p expression 
in SaOS‑2 cells was assessed by RT‑qPCR. miR‑1226‑3p 
ASOs significantly decreased miR‑1226‑3p expression in 
SaOS‑2 cells transfected for 24, 48 and 72 h compared with 
their respective NCs (Fig. 3A). In addition, the proliferation 
of SaOS‑2 cells was analyzed 24, 48 and 72 h after transfec‑
tion with miR‑1226‑3p ASOs, revealing that the miR‑1226‑3p 
ASOs significantly inhibited the proliferation of SaOS‑2 cells 
after 72 h (Fig. 3B). Finally, the apoptosis rate of SaOS‑2 cells 
was assessed 24 h after transfection with the miR‑1226‑3p 
ASOs, revealing that the miR‑1226‑3p ASOs significantly 
promoted the apoptosis rate of SaOS‑2 cells (Fig. 3C).

Figure 3. Inhibition of miR‑1226‑3p decreases SaOS‑2 cell proliferation and promotes apoptosis. (A) miR‑1226‑3p ASOs were transfected into SaOS‑2 
cells. After 24, 48 and 72 h of transfection, miR‑1226‑3p expression was analyzed by reverse transcription‑quantitative PCR. miR‑1226‑3p expression in the 
NC‑ASO‑transfected cells was arbitrarily defined as 100%. (B) Cell proliferation was analyzed using the MTT assay at 0, 24, 48 and 72 h after miR‑1226‑3p‑ASO 
transfection. (C) Apoptosis rate was analyzed by annexin V/PI double staining 24 h after miR‑1226‑3p‑ASO transfection. Data are presented as the mean ± SD. 
Each experiment was repeated ≥3 times. *P<0.05 vs. respective NC groups. miR, microRNA; NC, negative control; ASO, antisense oligonucleotide; OD, 
optical density.

https://www.spandidos-publications.com/10.3892/ol.2021.12735
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miR‑1226‑3p targets TRAF3. The possible genes targeted by 
miR‑1226‑3p were analyzed using bioinformatics methods. 
It was revealed that the TRAF3 gene was targeted by 
miR‑1226‑3p. The binding sites are shown in Fig. 4A. TRAF3 
wild‑type and mutant 3'‑UTRs were cloned and inserted into 
luciferase reporter plasmids. The luciferase assay results 
revealed that miR‑1226‑3p mimics significantly decreased 
luciferase activity by directly binding to the 3'‑UTR of TRAF3; 
however, mutation of the putative miR‑1226‑3p binding sites 
in the 3'‑UTR of TRAF3 abrogated the luciferase response 
to miR‑1226‑3p mimics (Fig.  4B). Subsequently, TRAF3 
protein expression was analyzed after miR‑1226‑3p mimic 
transfection, revealing that miR‑1226‑3p mimic transfection 
significantly decreased TRAF3 protein expression in SaOS‑2 
cells, as shown by western blotting (Fig. 4C). Finally, SaOS‑2 
cells were transfected with miR‑1226‑3p mimics and TRAF3 
overexpression plasmid (pcDNA3.1‑TRAF3). The effect of 
pcDNA3.1‑TRAF3 was confirmed by RT‑qPCR (Fig. 4D). The 
results of the MTT assay of the TRAF3‑overexpressing cells 

after miR‑1226‑3p mimic transfection revealed that TRAF3 
overexpression reversed the proliferative effect of miR‑362‑3p 
mimics on these cells (Fig. 4E).

Discussion

The present study analyzed the function of miR‑1226‑3p 
in osteosarcoma. It was revealed that higher miR‑1226‑3p 
expression decreased the overall survival rates of patients with 
osteosarcoma, and data from experiments in SaOS‑2 cells 
demonstrated that miR‑1226‑3p promoted cell proliferation. 
Moreover, miR‑1226‑3p inhibition increased the apoptosis rate 
in osteosarcoma cells. Furthermore, TRAF3 was identified as 
a target gene of miR‑1226‑3p. To the best of our knowledge, 
the current study is the first to reveal the role of miR‑1226‑3p 
in osteosarcoma.

According to the apoptosis analysis, there appeared to be 
some late apoptotic cells in both groups, for which there may 
be two possible reasons: One is that the duration of PI staining, 

Figure 4. TRAF3 is targeted by miR‑1226‑3p. (A) miR‑1226‑3p potential binding sites and mutation sites (positions 20‑26) in the 3'‑UTR of the TRAF3 gene. 
(B) SaOS‑2 cells were co‑transfected with miR‑1226‑3p mimics or miR‑NC and luciferase reporter vectors containing WT or mutant 3'‑UTRs. (C) TRAF3 
protein expression following transfection with miR‑1226‑3p mimics or miR‑NC was analyzed by western blotting. GAPDH was used as the internal control. 
(D) SaOS‑2 cells were transfected with TRAF3 overexpression plasmid (pcDNA3.1‑TRAF3), and TRAF3 mRNA expression was assayed by reverse transcrip‑
tion‑quantitative PCR. (E) Proliferation analysis of SaOS‑2 cells transfected with miR‑1226‑3p mimics and TRAF3 overexpression plasmid was performed 
via MTT assay at 24, 48 and 72 h after transfection. Data are presented as the mean ± SD. Each experiment was repeated ≥3 times. *P<0.05. miR, microRNA; 
NC, negative control; UTR, untranslated region; WT, wild‑type; OD, optical density; TRAF3, TNF receptor‑associated factor 3.
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since as the duration of PI staining increases, the number of 
PI+ cells may increase, and the other is that there may be some 
dead cells following transfection and PBS washing.

A similar study has revealed that hepatocellular carcinoma 
tissues exhibit higher miR‑1226‑3p expression compared with 
normal tissues (11). Consistently, the current data indicated that 
osteosarcoma tissues exhibited higher miR‑1226‑3p expres‑
sion than normal tissues. In addition to the aforementioned 
study, the present study revealed that miR‑1226‑3 targeted the 
TRAF3 protein to serve its role in osteosarcoma. However, 
another study involving human breast cancer cell lines has 
demonstrated that miR‑1226 targets mucin 1 oncoprotein and 
induces cell death (9). Therefore, it seems that miR‑1226‑3 
may serve different roles in different types of cancer.

The TRAF3 protein has an important role in the immune 
response. TRAF proteins are basic components of signaling 
pathways activated by TNF receptor or toll‑like receptor family 
members (22). TRAF3, which is a specific TRAF protein, 
is involved in positive and negative regulatory functions in 
multiple signaling pathways (10). TRAF3 is a highly versatile 
regulator that positively controls type I interferon production 
but negatively regulates mitogen‑activated protein kinase 
activation and alternative nuclear factor‑κB signaling (23,24). 
Notably, miR‑214 functions as an oncogene in human 
osteosarcoma by targeting TRAF3 (25). Thus, TRAF3 was 
further analyzed in the present study.

The role of TRAF3 in cancer has been the subject of 
several studies. The TRAF3 protein acts as an anti‑inflam‑
matory factor and is required for optimal innate immunity in 
myeloid cells (26). Furthermore, the TRAF3 gene is a novel 
tumor suppressor gene in macrophages  (26). In addition, 
the TRAF3 protein regulates the oncogenic proteins Pim2 
and c‑Myc to reduce survival in normal and malignant B 
cells (27). Moreover, the TRAF3 protein can interact with the 
glucocorticoid modulatory element‑binding protein 1 protein 
and modulate its anti‑apoptotic function (28). The current data 
indicated that TRAF3 overexpression partly decreased the 
proliferative effect of miR‑1226‑3p in SaOS‑2 cells. TRAF3 
overexpression may therefore also increase apoptosis, which 
will be investigated in a future study.

The present study has some limitations. First, SaOS‑2 
cells were used as models and hFOB 1.19 cells were used as 
controls. hFOB 1.19 cells are derived from osteoblasts, while 
Saos‑2 cells are human osteosarcoma cells with several osteo‑
blastic features, and they lack both Rb and intact p53 (29,30). 
However, the p53 protein is mutated in most patients with 
osteosarcoma (80‑90%) (31). Therefore, p53 may affect the 
function of miR‑1226‑3p in osteosarcoma, which will be 
investigated in a future study. Another limitation is that there 
is a lack of comparison in miR‑1226 expression across a panel 
of OS cell lines, as well as a lack if in vivo data.

The present results revealed that TRAF3 may be inhibited 
by miR‑1226‑3p, suggesting that miR‑1226‑3p may serve a 
role in the immune response network. This study has clinical 
significance since it revealed a possible molecular target and 
indicator of osteosarcoma prognosis. Patients with osteo‑
sarcoma may benefit from miR‑1226‑3p regulation, which 
requires further investigation. Overall, the present study 
revealed that miR‑1226‑3p may serve a tumor‑promoting role 
in osteosarcoma.
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