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Abstract. – OBJECTIVE: MicroRNA-191 (miR-
191) has been reported to be abnormally ex-
pressed in human cancers and other diseases.
The function of miR-191 was contradictory in
different cancers. In the present study, we con-
firmed the specific function of miR-191-5p in os-
teosarcoma (OS).

PATIENTS AND METHODS: The effects of 
miR-191-5p on cellular behaviors of OS cells were 
investigated through MTT (3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyl tetrazolium bromide) and 
transwell assay. The quantitative Real-time-poly-
merase chain reaction (qRT-PCR) was applied to 
examine the expressions of miR-191-5p and early 
growth response gene 1 (EGR1). Western blot and 
immunocytochemical assay were used to detect 
the protein expression of EGR1. The binding rela-
tionship between miR-191-5p and EGR1 was con-
firmed by Dual-Luciferase reporter gene assay. 
Xenograft tumor formation assay was conducted to 
examine the in vivo effect of miR-191-5p on tumor 
growth of OS.  

RESULTS: MiR-191-5p was upregulated in OS 
tissues, which was related to poor prognosis of 
OS patients. Moreover, miR-191-5p promoted cell 
proliferation, migration and invasion by regulat-
ing EGR1 in OS. Furthermore, EGR1 was down-
regulated in OS tissues, which was associated 
with poor prognosis of OS patients. MiR-191-5p 
was found to promote epithelial-mesenchymal 
transition (EMT) and PI3K/AKT pathway, thus 
promoting the development of OS.   

CONCLUSIONS: MiR-191-5p promoted the de-
velopment of OS via targeting EGR1 and posi-
tively regulated the PI3K/AKT signaling pathway. 
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Introduction

Osteosarcoma (OS) is a malignant bone tumor 
characterized by tumor cells directly invading 

bone or bone tissue1. OS mostly affects the young 
adolescents between 10 and 20 years old, which is 
rarely seen in people before the age of 10 and after 
302. Moreover, OS incidence between males and fe-
males3 is 3:2. Currently, comprehensive treatments
based on high-dose chemotherapy and surgery are
widely applied4. The five-year survival rate of OS
patients treated with standardized treatment is up
to 70-80%, and 90% of OS patients can retain their
limbs5. Despite all this, OS still has a high mor-
tality rate among children and adolescents. Early
detection and timely treatment have greatly im-
proved the survival rate of OS6. In particular, early
diagnosis is also closely related to the prognosis of
OS. Therefore, it is necessary to develop efficient
biomarkers for the early diagnosis of OS. In recent
years, MicroRNAs (miRNAs) have been identified
as promising biomarkers involved in human can-
cers and other diseases7. Moreover, alternations
of miRNA expressions have been reported to as-
sociate with pathogenesis and progression of OS8.
For instance, miR-182 inhibits proliferation and
promotes apoptosis in human OS cells by targeting
HOXA99. Besides, upregulated miR-148a in osteo-
sarcoma promotes cell growth by targeting PTEN
(gene of phosphate and tension homology deleted
on chromosome ten)10. In various miRNAs, alter-
nation of miR-191 expression has been widely re-
ported, which is contradictory in different human
cancers. MiR-191 is upregulated and functioned as
an oncogenic regulator in human hepatocellular
carcinoma11, breast cancer12 and colorectal cancer13.
Inversely, the downregulation of miR-191 has been
examined in renal cell carcinoma14 and thyroid fol-
licular tumors15. Those studies indicated that miR-
191 might play an important role in the biology of
human cancers. Wang et al16 demonstrated that in-
creased expression of miR-191 could act as a poten-
tial serum biomarker for diagnosis and prognosis in
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human OS. Therefore, we further investigated the 
specific functions of miR-191-5p related with the 
progression of OS. Early growth response gene 1 
(EGR1) belongs to the EGR family of transcription 
factors, which has a high homologous with EGR2, 
EGR3, and EGR417. Abnormal expression of EGR1 
has been found in the progression of human dis-
eases and cancers18. However, the effect of EGR1 
varies in different cancers. Zheng et al19 proposed 
that EGR1 is upregulated in gastric cancer which 
promotes tumor invasion and metastasis. EGR1 is 
capable of promoting growth and survival of pros-
tate cancer cell20. On the contrary, the downregu-
lation of EGR1 has been identified in breast cancer 
cells21. Li et al22 indicated a crucial role of EGR1 in 
the transcriptional regulation of miR-20b in breast 
cancer. However, the interaction between EGR1 
and miR-191-5p in OS is still unclear and need to 
be clarified. In the present work, miR-191-5p ex-
pression in OS tissues and cells was examined. The 
regulatory effects of miR-191-5p on cell prolifera-
tion, migration and invasion in OS, as well as ep-
ithelial-mesenchymal transition (EMT) and PI3K/
AKT signaling pathway were evaluated. Then, we 
verified the relationship between miR-191-5p and 
EGR1 in OS. We hope these findings could con-
tribute to better understanding the pathogenesis of 
OS and benefit the early diagnosis of OS.

Patients and Methods

Clinical Tissues
63 human OS tissues and adjacent samples 

were acquired from The First Affiliated Hos-
pital of the Zhejiang University after receiving 
signed informed consent. None of the OS patients 
received any treatment before the operation. 
Tissues were frozen in liquid nitrogen and then 
stored in the -80°C refrigerator for subsequent ex-
periments. This study was approved by the Insti-
tutional Ethics Committee of The First Affiliated 
Hospital of the Zhejiang University.

Cell Culture 
U2OS, MG63, Saos2 cell lines and human fe-

tal osteoblastic cell line hFOB1.19 were used for 
this experiment. These cell lines were provided by 
the Institutes for Biological Sciences (Shanghai, 
China). Cells were seeded in Dulbecco’s Modified 
Eagle s̓ Medium (DMEM; Gibco, Grand Island, 
NY, USA) with 10% fetal bovine serum (FBS; 
Gibco, Grand Island, NY, USA) and cultured at 
37°C with 5% CO2. 

Quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR)

TRIzol reagent (Invitrogen, Carlsbad, CA, USA) 
was applied for extracting total RNA according to 
the standard method. Synthesis of complementary 
deoxyribose nucleic acid (cDNA) was used by the 
PrimeScript Reverse Transcriptase (TaKaRa, Otsu, 
Shiga, Japan) based on the manufacturer’s instruc-
tions. Quantitative Real Time-Polymerase Chain Re-
action (RT-PCR) was carried out through the SYBR 
Green PCR Master Mix (Applied Biosystems, Foster 
City, CA, USA) on ABI 7500. U6 and glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) were used 
as controls for miR-191-5p and EGR1. The relative 
expressions were calculated using the 2−∆∆ct method. 
Primer sequences used in this study were as fol-
lows: EGR1, F: 5’-TACAGACCGGCTCCTTAC-3’, 
R: 5’-GTCTAGATGTGaTCCGTGGA-3’; miR-
191-5p, F: 5’-CTGGTGTAAACATCCTCCTG-3’, 
R: 5’-ACCATCGTGTCGTCAAGG-3’; U6: F: 
5’-GCTTCGGCAGCACATATACTAAAAT-3’, R: 
5’-CGCTTCAGAATTTGCGTGTCAT-3’; GAP-
DH: F: 5’-CGCTCTCTGCTCCTCCTGTTC-3’, R: 
5’-ATCCGTTGACTCCGACCTTCAC-3’.

Cell Transfection
The miR-191-5p mimic or inhibitor, miR-191-

5p plasmid and negative control (NC) were ob-
tained from Ribobio (Guangzhou, China). MG63 
cells were transfected with Lipofectamine 2000 
(Invitrogen, Carlsbad, CA, USA) based on the 
manufacturers’ protocols.

MTT (3-(4,5-Dimethylthiazol-2-yl)-
2,5-Diphenyl Tetrazolium Bromide) 
Assay 

Transfected cells were cultured in 96-well 
plates with 2×103/well and incubated for 24, 48, 72 
h and 96 h. 20 μL MTT solution (Thermo Fisher 
Scientific, Waltham, MA, USA) was applied per 
well and incubated for 4 h at 37°C. Finally, the 
absorbance at 490 nm (OD=490 nm) was detected 
with a spectrophotometer. 

Transwell Assays 
Transwell chambers (8-μm pore size mem-

branes) were employed to measure the abilities of 
cell migration and invasion. The bottom chamber 
was added with 10% FBS and incubated at 37°C 
with 5% CO2. The upper surface pre-coated with 
Matrigel (BD Biosciences, Franklin Lakes, NJ, 
USA) was used for cell invasion. Cell migration 
assay was conducted without Matrigel pre-coat-
ing. 2×104 cells were cultured in the bottom cham-
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ber with serum-free medium. 24 h later, the mi-
grated or invasive cells were fixed with methanol 
and stained with crystal violet. Finally, we count-
ed the number of migrated or invasive cells using 
Image J software (NIH, Bethesda, MD, USA).

Western Blot Analysis
The protein samples were obtained using ra-

dioimmunoprecipitation assay (RIPA) lysis buf-
fer (Beyotime, Shanghai, China). Proteins were 
separated through a 10% sodium dodecyl sul-
phate-polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred on polyvinylidene diflu-
oride (PVDF) membranes (Millipore, Billerica, 
MA, USA). After blocking in 5% skim milk, 
the membranes were incubated with primary 
antibodies of E-cadherin, N-cadherin, vimentin 
and AKT, p-AKT, GAPDH primary antibodies 
(1:1000; Abcam, Cambridge, MA, USA) overnight 
at 4°C. After washing, they were incubated with 
the corresponding horseradish peroxidase-conju-
gated secondary antibodies (1:3000; Santa Cruz 
Biotechnology, Dallas, TX, USA). Then, the pro-
tein expression levels were measured by electro-
chemiluminescence (ECL, Pierce, Waltham, MA, 
USA). 

Dual Luciferase Assay 
The wild or mutant type of EGR1 3’-untrans-

lated region (3’-UTR) were inserted into the 
pmirGLO Luciferase vector (Promega, Madison, 
WI, USA) to perform Luciferase reporter exper-
iments. Then, wild or mutant type of EGR1 3’-
UTR and miR-191-5p mimic were co-transfected 
into MG63 cells. Subsequently, the Dual-Lucifer-
ase Assay System (Promega, Madison, WI, USA) 
was applied to analyze Luciferase activity. 

Immunocytochemical Assay
The section of OS tissues was dewaxed, hy-

drated, and washed twice with Phosphate-Buff-
ered Saline (PBS; Gibco, Grand Island, NY, USA) 
for 5 min. After blocking with 5% goat serum 
(diluted in PBS), sections were incubated with 
anti-EGR1 (Nucleus) antibody at 37°C for 1-2 h. 
After PBS washing three times, sections were in-
cubated with horseradish peroxidase (HRP)-con-
jugated secondary antibody at 37°C for 1 h. After 
washing 3 times with PBS, diaminobenzidine 
(DAB) mixture (Abcam, Cambridge, MA, USA) 
was used for color development of the section. The 
section was washed, counterstained, dehydrated, 
transparentized and mounted. Images were cap-
tured using a microscope.

Xenograft Tumor Formation Assay
Nude mice (4 weeks old) were provided by the 

Shanghai Lab Animal Research Center (Shang-
hai, China). All animal researches were approved 
by the Animal Care and Use Ethics Committee of 
Zhejiang University Animal Center. First, 3×106 
cells transfected with pre-miR-191-5p plasmid or 
negative control were injected into the right hind 
flank of nude mice. The tumor volume was ob-
served every 3 days after a 7-day incubation. 4 
weeks later, mice were sacrificed by CO2 asphyxia-
tion and tumors were harvested for further studies. 

Statistical Analysis
The data were analyzed by Statistical Prod-

uct and Service Solutions (SPSS) 19.0 (IBM, 
Armonk, NY, USA) and GraphPad Prism 6 (La 
Jolla, CA, USA). Data were shown as mean ± SD 
analyzed by Student’s t-test. The relationship be-
tween miR-191-5p expression and clinic-patho-
logical features of OS patients was analyzed by χ2 
test. Kaplan-Meier analysis was applied to draw 
the survival curves, and the log-rank test was 
used to compare the survival differences. A sig-
nificant difference was defined at p<0.05. 

Results

MiR-191-5p Was Upregulated 
in OS Tissues

Primarily, miR-191-5p expression in OS tis-
sues was detected by qRT-PCR. We found that 
miR-191-5p was markedly upregulated in OS tis-
sues in comparison with normal tissues (Figure 
1A). Moreover, we also analyzed the relationship 
between miR-191-5p expression and their clin-
ic-pathological characteristics of OS patients. As 
shown in Table I, the expression of miR-191-5p 
was positively correlated to TNM stage (p=0.034). 
In addition, we also identified that miR-191-5p ex-
pression was negatively related to prognosis of 
OS patients (p=0.022, Figure 1B). Based on those 
results, we considered that miR-191-5p might be 
involved in the pathogenesis of OS and predict its 
prognosis.

MiR-191-5p Promoted Cell Proliferation, 
Migration and Invasion in OS

MiR-191-5p expression in U2OS, MG63, Saos2 
and hFOB1.19 cell lines was detected. Similarly, 
miR-191-5p was also upregulated in U2OS, MG63, 
Saos2 cells contrast to that of hFOB1.19 cells (Fig-
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ure 2A). Next, transfection efficacy of miR-191-5p 
mimics and inhibitor in MG63 cells was verified 
by qRT-PCR. As shown in Figure 2B, miR-191-5p 
expression was significantly enhanced by trans-
fection of miR-191-5p mimics, and was reduced in 
MG63 cells transfected with miR-191-5p inhibitor. 
MiR-191-5p overexpression promoted the prolifer-
ation of MG63 cells, while miR-191-5p knockdown 
inhibited proliferative potential (Figure 2C, 2D). 
Similarly, cell migration was enhanced by miR-
191-5p overexpression (Figure 2E). Consistently, 
miR-191-5p promoted cell invasion as well (Figure 

2F). MiR-191-5p was found to promote cell prolif-
eration, migration and invasion in OS.

EGR1 Was a Direct Target 
of MiR-191-5p in OS Cells

Furthermore, EGR1 was predicted as a target 
gene of miR-191-5p in the database of TargetScan 
(http://www.targetscan.org) (Figure 3A). Then, 
we conducted Luciferase reporter gene assay to 
confirm that. Consistent with the prediction, we 
observed that Luciferase activity was reduced 
in MG63 cells co-transfected with miR-191-5p 

Figure 1. MiR-191-5p was upregulated in OS tissues. A, The expressions of miR-191-5p in OS tissues detected via qRT-PCR. B, 
Lower miR-191-5p expression was related to longer overall survival in OS patients. **p<0.01. 

A B

Table I. Relationship between miR-191-5p expression and their clinic-pathological characteristics of OS patients.

Statistical analyses were performed by the χ2 test. 
*p<0.05 was considered significant.

Characteristics	 Cases	                           miR-191-5p		  p-value

		  High	 Low

Age (years)				    0.332
    ≥20	 35	 20	 15	
    <20	 28	 18	 10	
Gender				    0.651
    Male	 33	 23	 10	
    Female	 30	 15	 15	
Tumor size				    0.218
    <5 cm	 38	 25	 13	
    ≥5 cm	 25	 13	 12	
TNM stage				    0.034*
    I-II	 23	 11	 12	
    III-IV	 40	 27	 13	
Lymph node metastasis				    0.339
    No	 30	 16	 14	
    Yes	 33	 22	 11	RE
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mimics and EGR1-Wt vector. However, the Lu-
ciferase activity of EGR1-Mut was not changed 
by transfection of miR-191-5p mimics (Figure 
3B). Furthermore, the expression level of EGR1 

was examined to be negatively correlated with 
miR-191-5p expression in OS tissues (p<0.05, 
R2=0.331; Figure 3C). Moreover, mRNA expres-
sion of EGR1 was declined by transfection of 

Figure 2. MiR-191-5p promoted cell proliferation, migration and invasion in OS. A, MiR-191-5p expression in U2OS, MG63, Saos2 
and hFOB1.19 cell lines. B, MiR-191-5p expression was examined in MG63 cells with miR-191-5p mimics or inhibitor via qRT-PCR. 
C-D, The cell proliferation was measured in cells containing miR-191-5p mimics or inhibitor via MTT assay. E-F, Cell migration and 
invasion analysis in cells containing miR-191-5p mimics or inhibitor was detected by transwell assay. *p<0.05, **p<0.01.
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miR-191-5p mimics into MG63 cells (Figure 3D) 
and increased by transfection of miR-191-5p in-
hibitor (Figure 3E). Therefore, miR-191-5p was 
confirmed to directly target EGR1 and had a neg-
ative association with EGR1.

EGR1 was Downregulated in OS Tissues 
Subsequently, EGR1 expression was ana-

lyzed in OS tissues. IHC showed a positive de-
tection of EGR1 protein expression in the cell 

nucleus of OS tissues (Figure 4A). Moreover, 
the protein expression intensity of EGR1 sig-
nificantly decreased in OS tissues in compar-
ison with the adjacent normal tissues (Figure 
4B). Besides, high EGR1 expression was found 
to be correlated with good prognosis of OS pa-
tients (p=0.043, Figure 4C). EGR1 was suspect-
ed to participate in the tumorigenesis of OS and 
miR-191-5p might promote the development of 
OS via targeting EGR1.

A

B

D

C

E

Figure 3. EGR1 was a direct target of miR-191-5p in OS cells. A, The binding sites of miR-191-5p on the 3’-UTR of EGR1. B, 
Luciferase reporter assay. C, The correlation between miR-191-5p and EGR1. D-E, The expression of EGR1 were observed in 
MG63 cells containing miR-191-5p mimics or inhibitor **p<0.01. 
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MiR-191-5p Promoted EMT 
and PI3K/AKT Signaling Pathway 
in OS

Furthermore, Western blot showed that the up-
regulation of miR-191-5p suppressed E-cadherin 
expression and promoted expressions of N-cad-
herin and Vimentin (Figure 5). On the contrary, 
the downregulation of miR-191-5p inhibited ex-
pressions of N-cadherin and Vimentin, but en-
hanced E-cadherin expression level (Figure 5). 

Therefore, we considered that miR-191-5p over-
expression promoted cell metastasis by regulating 
EMT. Moreover, we observed the protein expres-
sions of AKT and p-AKT in MG63 cells transfect-
ed with miR-191-5p mimics or inhibitor to verify 
whether miR-191-5p regulated the PI3K/AKT 
signaling pathway in OS. Western blot showed 
that increased miR-191-5p expression apparent-
ly promoted expressions of AKT and p-AKT in 
MG63 cells (Figure 5). Inversely, decreased miR-
191-5p expression inhibited expressions of AKT 
and p-AKT expression (Figure 5). MiR-191-5p 
was considered to promoted EMT and PI3K/AKT 
pathway in OS.

MiR-191-5p Promoted 
the Tumor Growth in vivo

Finally, we subcutaneously injected MG63 
cells containing miR-191-5p stable transfection 
plasmid or miR-NC into nude mice. As shown 
in Figure 6A, the overexpression of miR-191-
5p markedly enlarged the tumor volume com-
pared with the control group. In Figure 6B, we 
also found the tumors with miR-191-5p stable 
transfection plasmid grew more quickly than 
that with miR-NC. These findings showed that 
miR-191-5p promoted the tumor growth of OS 
in vivo.

Figure 4. EGR1 was downregulated in OS tissues. A-B, The 
protein expression of EGR1 in OS tissues detected by immu-
nohistochemistry. C, High EGR1 expression was related to 
longer overall survival in OS patients. **p<0.01.

Figure 5. MiR-191-5p promoted EMT and AKT pathway in 
OS. Western blot analysis of E-cadherin, N-cadherin, Vimen-
tin, AKT and p-AKT in MG63 cells contained miR-191-5p 
mimics or inhibitor.
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Discussion

In recent years, increasing miRNAs have been 
reported to associate with the pathogenesis of hu-
man cancers. MiRNAs could serve as therapeutic 
targets in human cancers23. To date, more and more 
miRNAs have been proposed to regulate different 
biological processes of OS. For example, miR-126 
was found to inhibit proliferation, migration, inva-
sion and EMT in OS by targeting ZEB124. Ji et al25 
demonstrated that miR-140 suppressed OS tumor 
growth by enhancing anti-tumor immune response 
and blocking mTOR signaling. Moreover, miR-21 
was reported to predict poor prognosis in OS pa-
tients26. However, further investigations still need 
to be done to verify the role of miRNAs in OS. 
Here, we found that miR-191-5p was upregulated in 
OS tissues and cell lines. The upregulation of miR-
191-5p was identified to promote cell proliferation, 
migration and invasion, as well as EMT and PI3K/
AKT pathway in OS.

MiR-191 has been found to act as a tumor 
promoter by regulating the TET1-p53 pathway in 
intrahepatic cholangiocarcinoma27. Same as the 
above study, we also identified the carcinogene-
sis of miR-191-5p in OS. In addition, Shi et al28 
indicated that miR-191 was upregulated in human 
gastric carcinoma, which was similar to our re-
sults in this work. Moreover, the overexpression 
of miR-191 has also been demonstrated to predict 
poor prognosis and promote proliferation and in-
vasion in esophageal squamous cell carcinoma29. 
In the current research, we found that the upregu-
lation of miR-191-5p was related to poor progno-
sis of OS patients. Besides, Huang et al30 proposed 
that miR-191 promoted OS cells proliferation by 
suppressing Chk2. Our work showed that miR-

191-5p promoted the proliferation of OS cells 
via targeting EGR1. Li et al31 demonstrated that 
miR-191 targeted EGR1 and suppressed intimal 
thickening after carotid injury. We also confirmed 
that EGR1 was a direct target of miR-191-5p and 
participated in the progression of OS.

Virolle et al20 indicated that the specific func-
tion of EGR1 was sophisticated in the pathogene-
sis of human cancers and diseases, which could 
both act as tumor suppressor-gene or oncogene in 
different cancers. EGR1 has been reported to pro-
mote cell growth and survival in prostate cancer. On 
the contrary, the suppressive function of EGR1 has 
been identified in several cancers and diseases. For 
instance, miR-183 was found to function as an on-
cogene via targeting EGR1 to promote tumor cell 
migration32. In our research, we found that miR-191-
5p promoted the migration of OS cells via targeting 
EGR1. In addition, miR-301b has been identified to 
promote the proliferation and EMT of bladder can-
cer cells by targeting EGR133, which was consistent 
with our findings. EGR1 served as a direct target 
that was downregulated in acute lymphoblastic leu-
kemia34, Alzheimer’s disease35 and B cell lympho-
mas36. In OS, the downregulation of ERG1 was also 
examined and a negative correlation between EGR1 
and miR-191-5p was detected in OS tissues. There-
fore, we considered that miR-191-5p promoted the 
development of OS via targeting EGR1.

Conclusions

Increased expression of miR-191-5p was iden-
tified to be related to poor prognosis of OS patient. 
Moreover, miR-191-5p promoted cell prolifer-
ation, migration and invasion in OS by inhibit-

Figure 6. MiR-191-5p promoted the tumor growth in vivo. A, Tumor size. B, Cell growth. **p<0.01.
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ing EGR1 expression. MiR-191-5p also promoted 
EMT and PI3K/AKT signaling pathway in OS. 
Besides, miR-191-5p promoted OS tumor growth 
in vivo. These findings would help us develop nov-
el diagnostic and therapeutic approaches of OS. 
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