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Long noncoding RNA MIR31HG abrogates the

availability of tumor suppressor microRNA-361

for the growth of osteosarcoma
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Purpose: Long noncoding RNA (LncRNA) containing microRNA host gene is an interest-

ing type of LncRNA. MicroRNA-31 (miR-31)-host gene LncRNA (MIR31HG) have been

recognized as an oncogene in many cancers, but not in osteosarcoma (OS). Interestingly,

MIR31HG/miR-31 could not regulate each other’s expression in certain cancer, suggesting

that the role of MIR31HG in cancer is independent of miR-31. We here investigated the

function and potential mechanism of MIR31HG in OS.

Methods: OS tissues and adjacent non-tumor tissues (n=40) were collected to determine the

expressions of MIR31HG by paired t-test. We here identified the miRNAs predicted to be

bound to MIR31HG and investigated the impacts of MIR31HG on cell growth and metas-

tasis of OS cells by CCK-8, flow cytometry, Transwell assay, Western blot, etc. in vitro and

in vivo.

Results: MIR31HG was upregulated in OS tissues and OS cell lines. The patients with high

expression of MIR31HG have high tumor stages and distant metastasis. Tumor suppressor

miR-361, but not miR-31, was confirmed to be sponged directly by MIR31HG in OS cells

and was down-regulated in OS cell lines. Knockdown of MIR31HG restored the expression

of miR-361. Restoration of miR-361 level in Saos-2 and U2OS cells induced cell apoptosis

and G1/S arrest, inhibited proliferation and migration, which was, however, abrogated by

MIR31HG. Mechanistically, cell growth and metastasis-related target genes of MIR-361

including VEGF, FOXM1 and Twist were de-repressed in OS cells by MIR31HG over-

expression, leading to upregulated BCL2, CCND1 and epithelial–mesenchymal transition

(EMT) phenotype. Patients with high expression of MIR31HG also showed more VEGF,

FOXM1 and Twist levels. Overexpression of MIR31HG in vivo also promoted tumor growth

via inhibition of miR-361 signals and elevated the expression of VEGF, FOXM1 and Twist

for tumor growth.

Conclusion: MIR31HG acts as an oncogene in OS for tumor progression via regulation of

tumor suppressor miR-361 and its target genes.
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Introduction
Osteosarcoma (OS) is the most common type of primary malignant bone tumor

occurring mostly in adolescents and young adults, which accounts for 3.4% of all

childhood tumors.1 The 5-year survival rate has increased to 60–70% though the

introduction of wide resection surgery combining chemoradiotherapy. However,

genetic and biological complexity of OS render parts of patients resistant to cancer

treatment and metastasis, leading to the unsatisfactory outcomes.2,3
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On basis of the size and shapes, noncoding RNA

(ncRNA) can be subdivided into small ncRNAs (<200 nt

long), such as microRNAs (miRNAs), and long ncRNAs

(LncRNAs), with a length >200 bp.4,5 However, high-

throughput sequencing technology has been identified and

demonstrated many ncRNAs play a vital role in the cellular

multiple physiological and pathological processes, such as

cell proliferation, apoptosis, differentiation and invasion.5

Dysregulation of LncRNAs have identified as oncogene

(H19, Lnc-NEAT1, MEG3, Lnc-ATB, Lnc-CAF,etc.) or

tumor suppressor (Lnc-NORAD, Lnc-TSLNC8, Lnc-

CASC15-S, etc.) during the carcinogenesis of lung cancer,

bladder cancer, oral cancer, breast cancer, neuroblastoma and

OS.6–8 Currently, some LncRNAs have been reported to be

involved in the regulation of OS progression with promising

diagnostic or prognostic value.9–11 Interestingly, some

LncRNAs harbor miRNAs within their exonic or intronic

sequences and hence are referred to as miRNA-host gene

LncRNAs (Lnc-MIRHGs).12 However, the role of Lnc-

MIRHGs in OS is largely unknown.

MiRNA-31 host gene (MIR31HG), known as

LOC554202, is located on chromosome 9 (9p21.3). LncRNA

MIR31HG served as a poor prognosis factor and was upregu-

lated in laryngeal squamous cell cancer, lung cancer and

colorectal cancer via targeting HIF1A, p21, p16, miR-193,

miR-214, etc. for tumor growth, metastasis or chemotherapy

resistance.13–15 However, some studies also reported that

MIR31HG was downregulated in esophageal squamous cell

carcinoma, hepatocellular carcinoma and bladder cancer.16–18

Thus, the expression of MIR31HG in cancer has not been

consistent. Of note, although the expression of MIR31HG

positively correlated miR-31 in some cancers, knockdown of

MIR31HG showed no effects on the miR-31 levels and indi-

cated that MIR31HG exerts its tumor-regulatory role is inde-

pendent of miR-31.14,19 Currently, the expression of

MIR31HG and its function in OS remained to be elucidated.

In this study, we investigated the clinical significance

and function of MIR31HG in OS. The potential miRNA

interacting with MIR31HG was predicted by bioinfor-

matics method. The roles of MIR31HG/miRNA in cell

growth or migration of OS were determined by knock-

down or expression in vitro and in vivo.

Materials and methods
OS samples collection
All methods used for this study were approved by the

Ethics Committee of Shanxian Central Hospital, and this

study was conducted in accordance with the Declaration of

Helsinki. A total of 40 OS tissues and corresponding

relative normal tissues were obtained in this study from

primary OS patients underwent complete resection surgery

at Shanxian Central Hospital between 2015 and 2019.

Written informed consent was obtained from all of the

patients. All patients’ slides were reviewed to confirm the

diagnosis by the same pathologist. All tissues were imme-

diately snapped frozen in liquid nitrogen and stored at

−80°C. There were 19 males (47.5%) and 21 females

(52.5%) with age ranging from 8 to 30 years (average

17.5 years). Tumor localization at diagnosis in tibia/

femur 25 cases (62.5%) and in other sites 15 cases

(37.5%). Fourteen patients (35%) were found to have

distant metastasis.

RNA extraction and Rt-qPCR
Total RNAs were isolated from tissues or cell lines using

TRIzol reagent (Invitrogen) according to the manufacturer’s

instructions. The purity of the solution was ideal when A260/

A280 ranged from 1.8 to 2.1. Afterward, 1 μg total RNA of

each group was reversely transcribed into complementary

DNAs (cDNAs) using the PrimeScript RT reagent Kit

(Takara, Dalian China). qRT-PCR experiments were com-

pleted using the SYBR Green Kit (Takara). The qRT-PCR

results of geneMIR31HG, vegf, foxm1 and twistwere normal-

ized to GAPDH and the gene of miR-31, miR-361 were

normalized to U6 and expression fold change was calculated

according to the 2−ΔΔCt method. The primers for MIR31HG,

FP: TTCTGTCCTCCTACTCGGACCC, RP: CCTCCAGAG

TTTGGTTTTGTGTC; miR-361, FP: TCCCCCAGGTGTG

ATTCTGAT; GAPDH, FP:TGACAACTTTGGTATCGTGG

AAGG-3, RP:GCAGGGATGATGTTCTGGAGAG; U6, FP:

GCTTCGGCAGCACATATACTAAAAT, RP: CGCTTCAC

GAATTTGCGTGTCA.

Cell lines and culture
OS cell lines 143B, MG63, U2OS and Saos-2 cells were

purchased from American Type Culture Collection and

cultured in DMEM supplemented with 10% FBS (Gibco,

Grand Island, NY, USA), 100 U/mL of penicillin and 100

mg/mL of streptomycin (Invitrogen). Cultures were main-

tained at 37°C in a humidified CO2 (5%) atmosphere.

Human osteoblastic cell line hFOB1.19 cells are cultured

in Ham’s F12/DMEM supplemented with 10% FBS, 100

U/mL penicillin and 100 mg/mL streptomycin. Cultures

were maintained at 33.5°C in a humidified CO2 (5%)

atmosphere.
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Plasmid construction, siRNA and

transfection
MIR31HG full length (pcDNA3.1-MIR31HG) plasmid and

controls (pcDNA3.1), miR-361 mimics and negative controls

were synthesized by GenePharma (Shanghai, China). Two

siRNAs targeting MIR31HG were synthesized and generated

by GenePharma (Shanghai, China). The sequence for

MIR31HG siRNA was: siRNA-1, 5ʹ-GCAAAGAAGUCCG

AGGC-3ʹ; siRNA-2, 5ʹ-GAGAAGAAAGAAGUCACC-3ʹ.

For transfection, U2OS and Saos-2 cells were cultured up to

60% confluency and transfected as indicated using lipofecta-

mine 3000 (Invitrogen, USA) by incubating with OptiMem

media for 4 hrs according to the manufacturer’s instructions.

Luciferase reporter assay
The MIR31HG cDNA fragment containing the predicted

miR-361 binding site (Wt) and the matching mutant (Mut)

was constructed into a psiCHECK2 vector. Renilla lucifer-

ase acted as control reporter (Promega, Madison, WI,

USA). MiR-361 mimics or negative controls (100 nM)

were transfected using Lipofectamine 2000. Luciferase

activity was measured via Promega Dual-Luciferases

Reporter Assay kit (Promega E1980) according to the

manufacturer’s protocol after transfection. Relative

Renilla luciferase activity was normalized to firefly luci-

ferase activity.

CCK-8
The U2OS and Saos-2 cells were overexpressed miR-361

and/or MIR31HG, negative control, and then the cell pro-

liferation was determined by using the Cell Counting Kit-8

(CCK-8, Beyotime, China) Kit. In brief, the CCK-8 solu-

tion was added into the wells and incubated for 2 hrs at

37°C. The absorbance at 450 nm was determined by a

microplate reader (Bio-Rad, Carlsbad, CA) at the wave-

length of 450 nm. All reactions were repeated in triplicate.

Cell apoptosis and cycle analysis
The U2OS and Saos-2 cells were overexpressed miR-361

and/or MIR31HG, negative control, and then were har-

vested and re-suspended in binding buffer containing

Annexin V-FITC and PI according to the manufacturer’s

instructions. The samples were analyzed by flow cytome-

try (BD Biosciences, USA). The percentages of apoptotic

cells from each group were compared.

The cells for cell cycle analysis were fixed with 70%

ice-cold ethanol for 48 hrs at 4°C and were rinsed with

cold PBS followed by incubation with PBS containing 10

mg/mL PI and 0.5 mg/mL RNase A for 30 mins at 37°C.

The DNA content of labeled cells was acquired using

FACS cytometry assay (BD Biosciences, USA).

Experiments were performed three times.

Transwell assay
A total of 2x105 transfected cells were re-suspended in

DMEM and the cell suspension was seeded into the upper

chamber containing a filtration membrane with a pore size

of 8 μm. Then, 600 μL of medium containing 10% FBS

was added into the lower chambers. After incubation for

24 hrs at 37°C, the cells remaining on the upper surface of

the membrane were rubbed away with a sterile cotton

swab and the migrated cells were fixed in 4% paraformal-

dehyde and stained with 0.1% crystal violet (Beyotime,

Nantong, China). Thereafter, the results of cell migration

were observed, photographed and cells were enumerated

in 5 random fields with an optical microscope.

Western blot
Ice-cold RIPA lysis buffer (Beyotime, Shanghai, China)

including protease inhibitors was used to extract the total

proteins from the cells, and protein concentrations were

determined by using the Bradford assay (Bio-Rad, PA,

USA). The proteins were subjected to SDS-PAGE on a

12% polyacrylamide gel and then electrophoretically trans-

ferred to polyvinylidene fluoride (PVDF) membranes

(Merck Millipore, MA, USA). After blocking in 5% nonfat

dry milk in Tris-buffered saline (TBS), the membranes were

incubated with antibody against VEGF, FOXM1, Twist,

BCL2, CCND1, E/N-cadherin and GAPDH (Abcam

(USA), Cell Signaling Tech (Denver, MA)); then, the mem-

branes were immunoblotted with horseradish peroxidase-

conjugated secondary antibody (1:10,000 dilution) for 1 hr,

before being detected by ECL Plus Western Blotting

Substrate (Thermo Scientific, Shanghai, China).

Tumor model
Saos-2 cells (2×106) stably expressing MIR31HG, miR-

361 mimics or empty vector by lentivirus infection were

subcutaneously injected into male NOD/SCID mice

(Shanghai Laboratory Animal Research Center, Shanghai,

China). The tumors in each group were the same at the

beginning of experiment and grew with time. The lenti-

virus was purchased from Genepharma (Shanghai, China).

The volumes of tumors in each group were determined at

day 7 and grew with time, and the difference between
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three groups appeared at day 10 although the tumor was

small. The mice (n=5/group) were sacrificed at 28 days

after tumor xenografting. Tumor volume was measured

every 3 days and tumor tissues were obtained for qRT-

PCR and Western blot analysis. The volume was calcu-

lated by the formula: length×width2×0.5. Animal studies

were conducted in accordance with the National Institute

of Health Guide for the Care and Use of Laboratory

Animals and were approved by the animal ethics commit-

tee of Shanxian Central Hospital.

Immunohistochemistry
Fresh tumor tissues from nude mice were fixed with 4%

paraformaldehyde and then embedded in paraffin to obtain

tissue sections, which were then incubated at 4°C over-

night with primary antibodies against CD31 (1:500;

Abcam) and Ki-67 (1:400; Abcam). The sections were

incubated with Envision System HRP-labeled polymer

anti-rabbit (Dako K4003) or anti-mouse secondary anti-

bodies (Dako K4001).

Statistical analysis
The Statistical Package for Social Sciences version 16.0

(SPSS 16.0, SPSS Inc., Chicago, IL, USA) and the Prism

statistical software package (Version 5.0, Graphpad

Software Inc.) were used in this study. We have conducted

paired T-test to compare the expressions of MIR31HG and

miR-361 the non-tumor and tumor groups. Unpaired t-tests

or Mann–Whitney U tests were used to compare the two

groups, and multiple group comparisons were analyzed

with one-way ANOVA. P<0.05 was considered statisti-

cally significant. All experiments were performed at least

three times.

Results
Overexpressed MIR31HG is associated

with poor clinical outcomes of OS

patients
Considering the inconsistent expression trends of

MIR31HG in different cancers, we here collected OS

tissues and its corresponding non-tumor tissues (n=40) to

determine the expression of MIR31HG during the carci-

nogenesis of OS. The results showed that MIR31HG was

upregulated in OS tissues when compared to non-tumor

tissues (Figure 1A). We further found that MIR31HG level

in tumor tissues positively correlated with patients’ tumor

size, Enneking stage and distant metastasis (Figure 1B–E),

indicating that MIR31HG might participate into the pro-

gression of OS.

MIR31HG could directly interact with

miR-361 in OS cell lines
LncRNAs could sponge miRNAs to regulate the target genes

of miRNAs during tumor initiation, progression. Since the

function of MIR31HG is reported to be independent of miR-

31 in pancreatic ductal adenocarcinoma,19 we determined the

relationship in OS. We first confirm the increased expression

of MIR31HG in OS cell lines 143B, MG63, U2OS and

Saos-2 cells when compared to that in human osteoblastic

cell line hFOB1.19 cells (Figure 2A). Knockdown of

MIRHG31 in Saos-2 and U2OS cells has no effect on the

miR-31 levels (Figure 2B), which was consistent with pre-

vious report.19

We next predicted the miRNA that interact with

MIR31HG via bioinformatics website online (http://caro

lina.imis.athena-innovation.gr/diana_tools/web/index.

php), the miR-361 was the promising candidate miRNA to

interact with MIG31HG (Figure 2C). Interestingly, miR-

361 was found to be a tumor suppressor in many cancers.

Luciferase reporters that contained MIR31HG with wild-

type (WT) or mutated-type (MUT) miR-361 binding sites

were conducted. The results showed that miR-361 mimics

could significantly impair the luciferase activity of wild-

type MIR31HG, but not the mutant-type in Saos-2 cell line

(Figure 2D). Knockdown of MIR31HG significantly

restored the miR-361 levels in two cell lines (Figure 2E).

Indeed, the expression of miR-361 was also reduced in OS

cell lines (Figure 2F). These data indicated the direct

interaction between MIR31HG and miR-361 in OS.

MiR-361 is a tumor suppressor during the

development of OS
Similarly, we determined the clinical significance of miR-

361 in OS. The results showed that miR-361 was down-

regulated in OS tissues (Figure 3A), and the decreased

expression of miR-361 was associated with high expres-

sion of MIR31HG (Figure 3B), Enneking stage and distant

metastasis of OS patients, indicating its tumor-suppressive

role in OS (Figure 3C–F).

MIR31HG/miR-361 signal regulates OS

cell growth and migration in vitro
The function of MIR31HG/miR-361 signal was estimated,

including cell vitality, apoptosis, cell cycle and cell
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migration. Saos-2 and U2OS cells transfected with

pcDNA3.1-MIR31HG showed reduced expression of

miR-361 (Figure 4A). Moreover, the results showed that

overexpression of miR-361 mimics in Saos-2 and U2OS

cells impaired the cell vitalities (Figure 4B and C) and the

ability of migration (Figure 4G), induced G1/S arrest

(Figure 4D and E) and cell apoptosis (Figure 4F).

However, the anti-tumor effects of miR-361 were abro-

gated by overexpressed MIR31HG. These data demon-

strated that MIR31HG could inhibit the availability of

miR-361 for OS cell growth and migration.

MIR31HG regulates the target genes of

miR-361 in OS patients
To investigate the mechanism of MIR31HG/miR-361 sig-

nal in OS progression, we speculated that the target genes

of miR-361 were restored by overexpressed MIR31HG in

OS cell lines. VEGF, FOXM1 and Twist were prominent

target genes of MIR-361 for tumor growth, anti-apoptosis

and metastasis.20–23 Overexpression of miR-361 reduced

the expression of VEGF, FOXM1 and Twist in Saos-2 and

U2OS cells, but MIR31HG could restore the expressions

of these genes (Figure 5A and B) and upregulated anti-

apoptosis BCL2 level and CCND1 level. Moreover,

MIR31HG also promoted the EMT phenotype of Saos-2

and U2OS via miR-361/Twist signal.

The high and low expression of MIR31HG in OS

tissues was determined by median. OS tissues with high

expression of MIR31HG also have more expression of

VEGF, FOXM1 and Twist, indicating that MIR31HG

restored miR-361 signals in OS patients (Figure 5C-E).

MIR31HG/miR-361 signals participate in

the tumor growth in vivo
To further verify the function of MIR31HG/miR-361 sig-

nal in OS in vivo, Saos-2 cells stably expressing

MIR31HG, miR-361 mimics or empty vector by lentivirus

infection were subcutaneously injected into NOD/SCID

mice (n=5/group) (Figure 6A). The results showed that

mice overexpressed of miR-361 showed diminished

tumor volume and delayed tumor growth (Figure 6B),

but MIR31HG overexpression could inhibit the function

of miR-361 and restore the tumor growth in parallel with

increased expression of CD31 and Ki-67 (Figure 6C). The

expressions of VEGF, FOXM1 and Twist were also

restored by MIR31HG for tumor proliferation and EMT

phenotype in tumor tissues (Figure 6D).

Discussion
We here firstly reported the diagnostic value and function

of MIR31HG in OS, high expression of MIR31HG in OS

tissues predicted advanced Enneking stage and distant
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metastasis of OS patients, and could promote OS progres-

sion via inhibition of tumor suppressor miR-361. This

finding extended the family of LncRNA in the develop-

ment of OS. Indeed, apart from our findings, there have

been amounts of aberrantly expressed LncRNAs in tumor

tissues or serum functioned as cancer biomarkers during

the development of OS.10 The LncRNA Maternally

expressed gene 3 (MEG3) was under-expressed in several

human cancers, including non-small cell lung cancer, col-

orectal cancer and OS. LncRNA-TUG1 plasma-levels

were found to correlate with disease status, with elevated

levels indicating disease progression or recurrence.24

These researches indicated that LncRNAs could be pro-

mising diagnostic or prognostic value for OS patients,

including the LncRNA MIRHG.

Since the feature that harboring miRNA host gene,

LncRNA MIRHG also showed especial property differed

from other LncRNAs. Lu et al found that the LncRNA

MIR100HG and two embedded miRNAs, miR-100 and

miR-125b, were overexpressed in the absence of known

genetic events linked to cetuximab resistance via regula-

tion of Wnt/β-catenin pathway.25 MIR503HG (miR-503

host gene) was highly expressed in anaplastic lymphoma

kinase (ALK)-negative cell lines, which enhanced tumor

cell growth by the induction of miRNA-503 (miR-503)

and suppression of Smurf2, resulting in tumor cell

growth.26 However, LncRNA MIRHG and its derived

miRNA did not always reciprocally regulate their expres-

sions and functions of each other. We here found that

MIR31HG knockdown in two OS cell lines showed no
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effects on the expression of miR-31. This finding was

consistent with other reports. Yang et al and Qin et al

found that downregulation of MIR31HG had no effect on

the expression of miR-31 in lung adenocarcinoma cells14

and pancreatic ductal adenocarcinoma specimens,19

although there was a significant positive correlation
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between MIR31HG and miR-31 in pancreatic ductal

adenocarcinoma and colorectal cancer.27 These results

implicated that MIR31HG exerts its function in miR-31-

independent manner in cancer.

Some studies have focused on this question. Yan et al

found that MIR31HG inhibited hepatocellular carcinoma

proliferation and metastasis by sponging miRNA-575 to

modulate ST7L expression.17 MIR31HG also act as an
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endogenous “sponge” by competing for miR-193b binding to

regulate the miRNA targets for tumor cell growth.19 In addi-

tion, miR-214 was found to be inhibited by MIR31HG and

overexpression of MIR31HG effectively reversed miR-214-

induced inhibition of lung cancer progression.28 In this study,

we identified that tumor suppressor miR-361 interacted with

MIR31HG andwas inhibited by overexpressedMIR31HG in

OS cells. MIR31HG promoted cell proliferation and migra-

tion via regulating miR-361 signals, including upregulation

of oncogene VEGF, FOXM1 and Twist. Of note, few studies

have also determined miRNA-independent roles of LncRNA

miRHGs. For example, LncRNA MIR100HG promoted cell

proliferation in triple-negative breast cancer through triplex

formation with p27 loci.29 All of these studies indicate

miRNA-dependent or independent roles of MIR31HG in

various key biological processes.

Conclusion
In sum, we identified an LncRNA MIR31HG/miR-361 sig-

nature with diagnostic value in OS and found that MIR31HG

functioned as an oncogene to regulated miR-361 and its

target genes VEGF, FOXM1 and Twist for tumor growth.
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