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Background: The immunosuppressive facet and tumorigenic role of TNF-α have been

revealed in osteosarcoma (OS). Long noncoding RNA THRIL is identified to regulate

TNF-α expression and participates in immune response. Thus, investigations on the clinical

expression pattern of THRIL/TNF-α signal in OS would provide a potential target premise

for OS patients.

Methods: We collected OS (n=83), nontumor tissues (n=37) and serum samples (n=83

for OS and n=40 for healthy control) to determine the expressions and clinical signifi-

cance of THRIL/TNF-α signal. Knockdown of THRIL in OS cell lines MG63 and Saos2

in vitro and in vivo was performed to confirm its function in the development of OS.

Results: Elevated expression of THRIL was associated with increased TNF-α levels in OS

tissues and serum samples. Combination of THRIL and TNF-α in tissues showed a more

efficient diagnostic value for OS patients than either of them. Moreover, high-expressed

THRIL was associated with larger tumor size, advanced Enneking stage and lung metastasis,

whereas high TNF-α expression was found in patients with high histologic grade and patients

who simultaneously harbor high THRIL and TNF-α showed the worst overall survival and

metastasis-free survival. TNF-α signals increased OS cell vitalities in vitro but knockdown of

THRIL inhibited TNF-α expressions, leading to impaired cell vitality, increased apoptosis

and also downregulated epithelial to mesenchymal transition (EMT) phenotype and the

ability of invasion, but these processes were restored by the treatment of TNF-α. The

oncogenic role of THRIL/TNF-α signal was also confirmed in the xenograft model of

MG63 cells.

Conclusion: Overexpressed THRIL and TNF-α promoted OS progression with efficient

diagnostic and prognostic value. THRIL/TNF-α signal supported cell growth and EMT

phenotype of OS cells in vitro and in vivo.
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Introduction
Osteosarcoma (OS) often occurs in children and adolescents with an incidence of

4.4 per million people worldwide and is the most common malignant bone tumor.

Approximately 50% of all patients at the time of diagnosis develop metastases,

which results in a high mortality rate despite improvements in radiotherapy, adju-

vant chemotherapy and surgery.1–3 Elucidation of the molecular basis of OS

progression is conducive to developing effective therapeutic agents and improving

OS patient’s prognosis.
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Persistent inflammation is known to promote and

exacerbate malignancy. An intrinsic (driven by genetic

events that cause neoplasia) and an extrinsic (driven by

inflammatory conditions which predispose to cancer) path-

way link inflammation and cancer.4 Tumor necrosis

factor-α (TNF-α) is a proinflammatory cytokine that coor-

dinates tissue homeostasis by regulating cytokine produc-

tion, cell survival, and cell death.5 Accumulating evidence

indicated that, in addition to being produced by immune

cells within the tumor-associated microenvironment, TNF-

α can be produced by a wide variety of malignant cells,

including OS cells.6 Li et al reported that TNF-α may

enhance the adaptive immune resistance mediated by

IFN-γ-induced B7-H1 in hepatocellular carcinoma cells.7

TNF-α expression in ovarian carcinoma varies by histolo-

gic subtype and provides some support for the role of

inflammation in ovarian carcinogenesis.8 Besides, TNF-α
also promoted OS progression by maintaining tumor cells

in an undifferentiated state.9 Activation of TNF-α signal

enhanced CRL4B E3 ligase activity and regulates cell

cycle progression in human OS cells.10 TNF-α regulated

IL-34 expression in osteosarcoma cells and contributes to

OS growth by increasing the neo-angiogenesis and the

recruitment of M2 macrophage.11 Thus, the regulator of

TNF-α is essential for controlling its inflammation imbal-

ance during cancer therapy of OS.

Long noncoding RNAs (lncRNAs) are encoded by

a vast less explored region of the human genome and its

disruption is intrinsically linked to diverse diseases includ-

ing cell growth, inflammation and tumor metastasis.12

lncRNA THRIL (TNF-α and hnRNPL related immune-

regulatory lincRNA) is essential for the induction of

TNF-α expression. Knockdown of THRIL caused dysre-

gulation of TNF-α during innate activation of THP1

macrophages and was correlated with the severity of

symptoms in patients with Kawasaki disease, an acute

inflammatory disease of childhood.13 Upregulated THRIL

was demonstrated to aggravate lipopolysaccharide (LPS)-

induced osteoarthritis cell injury model via activating

JAK1/STAT3 and NF-κB pathways.14 Currently, the func-

tion of THRIL/TNF-α signal in cancer is unclear. One of

the most prominent features of cancer is hypoxia, which

was found to increase the THRIL expression.15 Therefore,

considering the tumorigenic role of TNF-α in OS, the

function and its clinical significance of THRIL/TNF-α
signal needed to be investigated in OS patients.

In this study, we analyzed the expression pattern of

THRIL/TNF-α in OS tissues and serum and further

revealed its diagnostic and prognostic value. We found

that THRIL and TNF-α were co-upregulated in OS

patients and predicted poor clinical outcomes.

Knockdown of THRIL was performed in vitro and

in vivo to confirm its role in OS growth and metastasis.

Materials and Methods
Ethics and Sample Collection
All methods used for this study were approved by the

Ethics Committee of Gongli Hospital of Pudong New

Area, and this study was conducted in accordance with

the Declaration of Helsinki. The OS tissues and serum

samples (n=83), nontumor tissues (n=37) and serum from

healthy subjects were obtained from patients who had

undergone surgical resection of OS in the Gongli

Hospital of Pudong New Area and other hospitals in

Acknowledgments. We confirmed that all patients pro-

vided written informed consent. The median age was 22

years and the median of tumor size was 8 cm, and 22 in 83

patients were found with lung metastases. The tumor

stages were confirmed according to the Enneking staging

system (ESS). The tissues or serum samples were isolated

from surgical removal or patients’ blood and then stored

at −80°C until use. All the patients were followed-up until

20 April 2019. The minimum follow-up time is 3 months

and the maximum follow-up time is 58 months (median:

26 months). The high or low expressions of THRIL/TNF-α
were defined by the median of its expression.

RNA Extraction and RT-Q-PCR
Total RNA was extracted from clinical specimens or cells

via the TRIzol reagent (Invitrogen, USA), A260/A280

nm >1.8 was qualified for quantitative analysis. Then,

RNAs were transcribed into cDNA using superscriptase II

(Invitrogen, USA) according to the manufacturer’s instruc-

tions. The cDNA was subjected to real time-polymerase

chain reaction using Power SYBR® Green PCR Master

Mix (Invitrogen, USA). The following primers were used:

THRIL-F: GAGTGCAGTGGCGTGATCTC, R: AAAATT

AGTCAGGCATGGTGGTG; TNF-α-F: CCTCTCTCTAA
TCAGCCCTCTG; R: GAGGACCTGGGAGTAGATGA

G; Bcl-2-F: GGTGGGGTCATGTGTGTGG, R: CGGTTC

AGGTACTCAGTCATCC; E-cadherin-F: CGAGAGCTA

CACGTTCACGG, R: GGGTGTCGAGGGAAAAATAG

G; Vimentin-F: GACGCCATCAACACCGAGTT, R: CTT

TGTCGTTGGTTAGCTGGT. The expression levels of

genes were estimated via 2−ΔΔCt method and were
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normalized to GAPDH for gene expression. Each sample

was measured in triplicate.

ELISA
The serum levels of TNF-α were qualified by Human

TNF-α ELISA kit (Cat#:EHC103a) according to the man-

ufacturer’s instructions. The detection sensitivity was 7.8

pg/mL. All samples were tested by duplication, and absor-

bency was measured at 620 nm by a microplate reader.

Cell Culture and Reagents
Human OS cell lines MG63 and Saos2 were obtained from

the American Type Culture Collection (ATCC) and cultured

in DMEM supplement with 10% FBS (GIBCO) and 1%

penicillin/streptomycin. All the cells were cultured at 37°C

water-saturated 5% CO2 atmosphere. siRNA-THRIL or

negative control was conducted by RiboBio (Guangzhou,

china), siRNA-THRIL-1: 5ʹ- GCTCTATGCACAGATAA

ATTT -3ʹ; siRNA-THRIL-2: 5ʹ- GCTCAGTCGTGTTTA

TTAATT -3ʹ; siRNA-TNFR1: 5ʹ-CAAAGGAACCUACUU

GUACUU-3ʹ. Human recombinant TNF-α was purchased

from Preoteintech (#HZ-1014, WUHAN, China). The

antibody to E-cadherin and Vimentin were obtained from

Abcam (USA).

Estimation of Cell Growth
MG63 and Saos2 cells were transfected of siRNA-THRIL

with/without the treatment of TNF-α (50 ng/mL) for 48 h,

the cell vitality was determined by CCK-8. Briefly, cells

were harvested and washed with PBS, and then cell count-

ing kit-8 (Kumamoto, Japan) mixed with DMEM was used

for cell viability assay according to the manufacturer’s

instructions., and the absorbance was measured at 450 nm

by a microplate reader. In addition, apoptosis was deter-

mined by flow cytometry. Briefly, cells were stained with

2 μL of annexin V mixed with 2 μL of propidium iodide

(PI, eBioscience) were used according to the manufacturer’s

instructions and were analyzed using a flow cytometry.

Transwell Assay
To determine the role of THRIL in invasion of OS cells,

2×104 cells after transfection were suspended with 200 µL

of serum-free medium. The Corning Polycarbonate

Membrane Insert transwell chambers (Product #3422,

Corning Costar Corp, Cambridge, MA, USA) were used

Figure 1 The expressions of THRIL and TNF-α in OS tissues and serum. (A and B) The mRNA levels of THRIL and TNF-α were analyzed in OS tissues (n=83) and

nontumor tissues (n=37) by Q-PCR. (C) The serum TNF-α level was confirmed in the serum derived from OS patients (n=83) and independent healthy subjects (n=40) by

ELISA. (D and E) The correlation between THRIL and TNF-α in OS tissues and serum was determined. (F) ROC curves were performed to evaluate the diagnostic role of

THRIL and TNF-α alone, or THRIL/TNF-α combination. ***P < 0.001, data represent the means ± SD.
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to perform invasion assays. The Transwell membranes

were pre-coated with Matrigel (BD Biosciences, USA) at

37°C for at least 2 hrs to form a reconstructed basement

membrane. After incubation, cells at the top chamber were

removed with cotton swabs, and those on the lower surface

were fixed with methanol, stained by crystal violet and

counted under an inverted microscope.

Immunofluorescence Assays
MG63 and Saos2 cells with THRIL knockdown were cul-

tured in a plastic chamber on microscope glass slides

(Millicell EZ Slide, Millipore, Billerica, MA, USA) with

TNF-α (50 ng/mL) stimulation for 48 hrs. The cells were

then washed in PBS, fixed in 4% paraformaldehyde for 10

mins at room temperature, permeabilized with triton X-100

0.1% for 20 mins. The cells were incubated with primary

antibody against E-cadherin and Vimentin for 120 mins.

After washings, Alexa Fluor 488/594 secondary antibody

was added for 90 mins at room temperature. Nuclei were

stained with DAPI, which was observed under an FV10i

confocal microscope (OLYMPUS, Tokyo, Japan).

Tumor Model
To investigate the role of THRIL in the OS development,

the xenograft model of human MG63 cells was estab-

lished, MG63 cells were transfected with lentivirus vector

of siRNA-THRIL, or negative control, 2×106 conditional

MG63 cells were subcutaneously injected in rear flank of

nude mice (6 per group), TNF-α (500 ng/mice) was treated

i.p. twice a week for 3 weeks. The tumor sizes were

measured 3 days apart and the tumor volumes were calcu-

lated: V (cm3) = width2 (cm2) * length (cm)/2. The animal

study was approved by institutional animal research com-

mittee of Gongli Hospital of Pudong New Area and that

animals were cared for following the guidelines for use

and care of laboratory animals.

Table 1 Correlations Between the Expressions of THRIL and TNF-α with Clinicalpathologic Characteristics in OS Patients

Characteristics THRIL P χ2 TNF-α P χ2

n Low (n/%) High (n/%) Low (n/%) High (n/%)

Gender

Male 39 19(48.72) 20(51.28) 0.907 0.014 21(53.85) 18(46.15) 0.332 0.942

Female 44 22(50) 22(50) 19(43.18) 25(56.81)

Age

<22 45 25(55.5) 20(44.4) 0.222 1.491 23(51.11) 22(48.89) 0.563 0.335

≥22 38 16(42.1) 22(57.89) 17(44.74) 21(55.26)

Tumor size (cm)

≤8 35 22(62.85) 13(37.14) 0.036* 4.386 18(51.42) 17(48.57) 0.614 0.254

>8 48 19(39.58) 29(60.42) 22(45.83) 26(54.17)

Anatomic site

Femur 52 24(46.15) 28(53.85) 0.61 0.988 21(40.38) 31(59.62) 0.128 2.315

Tibia 18 9(50) 9(50) 11(61.11) 7(38.89)

Other 13 8(61.54) 5(38.46) 8(61.54) 5(38.46)

Enneking stage

I-IIA 34 23(67.65) 11(32.35) 0.006* 7.763 20(58.82) 14(41.17) 0.518 0.417

IIB-III 49 18(36.73) 31(63.26) 20(40.81) 29(59.18)

Histologic grade

Low 40 21(52.5) 19(47.5) 0.586 0.297 24(60) 16(40) 0.038* 4.311

High 43 20(46.51) 23(53.49) 16(37.20) 27(62.79)

Lung metastasis

No 61 35(57.38) 26(42.62) 0.015* 5.862 29(47.54) 32(52.46) 0.843 0.039

Yes 22 6(27.27) 16(72.73) 11(50) 11(50)

Total 83 41(100) 42(100) 40(100) 43(100)

Note: *P <0.05, statistically significant by Chi-square test.
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Statistical Analyses
The results are analyzed by 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.). Kolmogorov–Smirnov and Shapiro–

Wilk tests showed that the expression of THRIL/TNF-α did

not follow a normal distribution. The Mann–Whitney U-test

was used to compare the two groups (e.g., normal versus OS)

and the differences between more than two groups were ana-

lyzed by the Kruskal–Wallis test. The receiver operating char-

acteristic (ROC) curve was used to analyze its diagnostic

value. Correlations between the expression of THRIL/TNF-α

were analyzed by Spearman’s Rho analysis. Correlations

between THRIL/TNF-α and clinicopathological characters

were analyzed by Pearson Chi-square. Kaplan–Meier survival

curves and the log-rank statistic were used to analyze the

prognostic significance of THRIL/TNF-α. Cox proportional

hazard regression was used for univariate and multivariate

analysis of overall survival according to THRIL/TNF-α

expression. P<0.05 was considered statistically significant.

All experiments were performed at least 3 times.

Results
THRIL Is Upregulated in OS and

Positively Correlates with TNF-α
We first determined the expression of THRIL and TNF-α
during the development of OS. THRIL and TNF-α were

found to be upregulated in OS tissues (n=83) when com-

pared to which in nontumor tissues (n=37) (Figure 1A

and B). The enhanced TNF-α level was confirmed in the

serum derived from OS patients (n=83) when compared

with independent healthy subjects (n=40) (Figure 1C).

Since THRIL could regulate TNF-α expression, we ana-

lyzed the correlation between THRIL and TNF-α. The

results showed that THRIL is positively associated with

TNF-α in OS tissues and serum (Figure 1D and E), sug-

gesting that THRIL/TNF-α signal participated in the OS

development.

Table 2 Clinical Significance of Simultaneously High-Expressed or Low-Expressed THRIL and TNF-α in OS Patients

Characteristics n THRILLow/TNF-αLow (n/%) THRILHigh/TNF-αHigh (n/%) P χ2

Gender

Male 30 12(40) 18(60) 0.18 1.791

Female 24 14(58.33) 10(41.67)

Age

<22 26 14(53.85) 12(46.15) 0.491 0.652

≥22 28 12(42.86) 16(57.14)

Tumor size(cm)

≤8 25 18(72) 7(28) 0.001* 10.61

>8 29 8(27.59) 21(72.41)

Anatomic site

Femur 42 22(52.38) 20(47.62) 0.467 1.523

Tibia 8 3(37.50) 5(62.50)

Other 4 1(25) 3(75)

Enneking stage

I-IIA 22 16(72.73) 6(27.27) 0.003* 8.984

IIB-III 32 10(31.25) 22(68.75)

Histologic grade

Low 24 14(58.33) 10(41.67) 0.18 1.795

High 30 12(40) 18(60)

Lung metastasis

No 37 22(59.46) 15(40.54) 0.014* 6.023

Yes 17 4(23.53) 13(76.47)

Total 54 26(100) 28(100)

Note: *P <0.05, statistically significant by Chi-square test.
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The receiver operating characteristic (ROC) curve sug-

gests that THRIL (AUC=0.773) and TNF-α (AUC=0.794)

are good diagnostic markers to discriminate OS patients from

healthy people, but combined with two factors showed more

predominant diagnostic value (AUC=0.852) (Figure 1F).

Elevated Expression of THRIL and TNF-α
Occurs in OS Patients with Advanced

Tumor Progression
Considering the upregulated THRIL/TNF-α signal in OS

samples, we next determined the clinical significance of

THRIL/TNF-α in OS. The expression of THRIL/TNF-α

was divided into High and Low groups by median. The

results showed that patients with larger tumor size, advanced

Enneking stage and distant metastasis have higher THRIL

levels in OS tissues. However, THRIL showed no relation-

ships with gender, age, anatomic site and histology grade.

Elevated TNF-α level was found in patients with high histol-

ogy grade, which was consistent with the previous findings

that TNF-α promoted OS progression by maintaining tumor

cells in an undifferentiated state (Table 1).

When the combination of THRIL and TNF-α was used

for analysis, we found that the patients whose simultaneously

high-expressed THRIL and TNF-α (THRILHigh/TNF-αHigh)

showed more advanced OS progression with a higher inci-

dence of lung metastasis than patients with low-expressed

THRIL and TNF-α (THRILLow/TNF-αLow) (Table 2).

High THRIL and TNF-α Levels Predict

Short Overall Survival and Metastasis-

Free Time
The prognostic role of THRIL/TNF-α signal was also ana-

lyzed. The results showed that high expression of THRIL

predicted shorter overall survival time (P=0.024) and metas-

tasis-free survival (MFS) (P=0.033) (Figure 2A and B), but

TNF-α showed no impacts on overall survival time and

metastasis-free time of OS patients (Figure 2C and D).

We further analyzed the survival time of patients with

THRILHigh/TNF-αHigh, the results indicated that, compared

with THRIL alone, combination of THRIL and TNF-α was

more efficient to predict the decreased survival time of OS

patients (Figure 2E and F).

Figure 2 The prognostic roles of THRIL and TNF-α in OS. The expressions of THRIL/TNF-α were divided into High and Low groups by median. (A and B) The overall

survival time and metastasis-free time of OS patients were analyzed according to the THRIL expression. (C and D) The overall survival time and metastasis-free time of OS

patients were analyzed according to the TNF-α expression. (E and F) The overall survival time and metastasis-free time of OS patients were analyzed according to the

THRIL and TNF-α expression.
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THRIL Is an Independently Prognostic

Factor for OS Patients
We further performed univariate and multivariate ana-

lyses, the results found that gender, age, anatomic site,

Enneking stage, histologic grade and TNF-α were not

independent prognostic indicators for overall survival

time. In addition, the tumor size, lung metastasis and

the expression of THRIL were independent prognostic

factors for the overall survival time of patients with OS

(Table 3). However, THRIL was not an independent

prognostic factor for metastasis-free survival of patients

with OS (Table 4).

Knockdown of THRIL Inhibits OS

Growth and Invasion via TNF-α in vitro

and in vivo
The function of TNF-α alone was investigated and found

that the treatment of TNF-α (50 ng/mL) elevated the cell

vitality of OS cells, which was consistent with previous

reports16 (Figure 3A). Then, we performed knockdown of

THRIL in two OS cell lines MG63 and Saos2 to confirm its

pro-tumor function. The results indicated that knockdown

of THRIL inhibited the expression of TNF-α by two

siRNA. SiRNA-1 was selected for further study

(Figure 3B and C). To confirm the role of TNF-α signal

for THRIL function, we inhibited TNF receptor (TNFR) in

OS cells in response to TNF-α treatment and THRIL knock-

down. The results demonstrated that the OS cells with

THRIL knockdown showed impaired cell vitality, but the

treatment of TNF-α (50 ng/mL) to the OS cells with THRIL

knockdown could restore its cell vitality, which was depen-

dent on TNFR signals. Inhibition of TNFR by siRNA

suppressed the function of TNF-α in the OS cells with

THRIL knockdown. Thus, the function of THRIL is depen-

dent on TNF-α/TNFR signals (Figure 3D and E).

Thus, we further investigated the role of THRIL/TNF-

α signal in cell apoptosis and metastasis of two OS cell

lines. Inhibition of THRIL induced apoptosis in 48 h,

which could be restored by the treatment of TNF-α

(50 ng/mL), indicating that THRIL promoted OS growth

via TNF-α (Figure 3F). The ability of invasion was also

Table 3 Prognostic Factors in the Cox Proportional Hazard Model for Overall Survival

Variables Overall Survival

HR Univariate 95% CI Sig HR Multivariate 95% CI Sig.

Gender

Male vs female 0.885 0.563–1.427 0.812

Age

<22 vs ≥22 1.223 0.734–1.891 0.438

Tumor size(cm)

<8 vs ≥8 2.863 1.233–3.675 0.013* 2.473 2.303–4.392 0.006*

Anatomic site

Femur vs other 0.935 0.942–1.343 0.826

Enneking stage

I-IIAvs. II B-III 2.173 1.694–4.726 0.031* 1.943 0.813–2.046 0.328

Histologic grade

Low vs high 0.917 0.459–1.558 0.923

Lung metastasis

- vs + 3.625 1.301–4.862 0.002* 4.115 2.263–6.345 0.001*

THRIL

Low vs high 2.075 1.630–2.684 0.025* 2.347 1.349–3.758 0.023*

TNF-α

Low vs high 1.234 0.676–1.602 0.463

Note: *P <0.05, statistically significant.

Abbreviations: HR, hazard ratio; CI, confidence interval.
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determined by Transwell assay, we found that knockdown

of THRIL inhibited OS invasion but the addition of TNF-α
abrogated this suppression and upregulated the ability of

invasion (Figure 3G). This process might be attributed to

changed EMT phenotype of OS cells. Inhibition of THRIL

downregulated the expression of vimentin but TNF-α
(50 ng/mL) could restore the levels of vimentin in MG63

and Saos2 cells (Figure 3H).

We also investigated the role of THRIL in vivo. The

results showed that the mice with THRIL knockdown by

lentivirus have smaller tumor volume than that with

a negative control. However, treatment of TNF-α (500

ng/mice) could restore the antitumor function of THRIL

knockdown (Figure 3I). In line with this, the antiapoptosis

gene Bcl-2 and Vimentin were downregulated by THRIL

knockdown, but were recovered by the treatment of TNF-α
in vivo (Figure 3J).

Discussion
Continuous exposure to inflammatory cytokines (such as

TNF-α, IL-6, IL-8 and IL-1β, etc.) is known to cause

tumorigenesis.4 TNF-α can be produced by leukemia

cells to mediate cell survival and higher TNF-α concentra-

tions in leukemia patients were correlated with heavier

fatigue and poorer quality of life.17 TNF-α also promoted

OS progression by maintaining tumor cells in an undiffer-

entiated state.9 Many lncRNAs have been reported to

regulate and control the balance of inflammation during

several diseases. Li et al reported that THRIL bound

specifically to heterogenous nuclear ribonucleoprotein

L (hnRNPL) and formed a functional THRIL–hnRNPL

complex that regulated transcription of the TNF-α gene

by binding to its promoter. Transcriptome analysis

revealed that THRIL was required for expression of

many immune-response genes, including TNF-α13 We

here identified the positive regulatory role of THRIL to

TNF-α in OS cells. Knockdown of THRIL inhibited

TNF-α expression and TNF-α-induced OS cell growth.

Similarly, NF-κB-interacting lncRNA (NKILA) was

highly induced in response to IL-1β and TNF-α

stimulation.18 lncRNA Mirt2 functioned as a checkpoint

to prevent aberrant activation of inflammation and was

a potential regulator of macrophage polarization via

attenuating Lys63 (K63)-linked ubiquitination of TRAF6,

Table 4 Prognostic Factors in the Cox Proportional Hazard Model for Metastasis-Free Survival

Variables Metastasis-Free Survival

HR Univariate 95% CI Sig HR Multivariate 95% CI Sig.

Gender

Male vs female 0.923 0.623–1.969 0.903

Age

<22 vs ≥22 1.058 0.822–1.358 0.828

Tumor size(cm)

<8 vs ≥8 2.266 1.384–3.294 0.033* 1.789 1.873–2.545 0.128

Anatomic site

Femur vs other 0.867 0.683–1.225 0.774

Enneking stage

I-IIAvs.IIB-III 1.984 1.213–2.685 0.053

Histologic grade

Low vs High 0.881 0.739–1.304 0.893

Lung metastasis

- vs + 2.782 1.426–3.678 0.012* 3.302 1.892–5.367 0.008*

THRIL

Low vs high 1.976 1.567–3.869 0.038* 1.347 0.835–2.112 0.236

TNF-α

Low vs high 0.789 0.492–1.263 0.673

Note: *P <0.05, statistically significant.

Abbreviations: HR, hazard ratio; CI, confidence interval.
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Figure 3 Knockdown of THRIL inhibits cell growth and invasion of OS cell via TNF-α. (A) TNF-α (50 ng/mL) was treated to two OS cell lines MG63 and Saos2 and the cell

vitality was determined. (B and C) Knockdown of THRIL in two OS cell lines MG63 and Saos2 via siRNA, and the expressions of THRIL/TNF-α were determined at 24 hrs

by Q-PCR. (D and E) After knockdown of THRIL/TNFR1, the cells were treated with or without TNF-α (50 ng/mL) for 48 h, and cell vitality and apoptosis of two cell lines

were analyzed by CCK-8. (F) After knockdown of THRIL with or without TNF-α stimulation, the cell apoptosis was analyzed by flow cytometry. (G) Transwell assay was

performed to determine the invasion of OS cell after THRIL knockdown. Five random views were selected to count the cells. (H) Immunofluorescence assay was performed

to analyze the expression of E-cadherin (Green) and Vimentin (Red) in two cell lines. (I) 2×106 conditional MG63 cells were transfected with a lentivirus vector of siRNA-

THRIL or negative control and were subcutaneously injected in the rear flank of nude mice (6 per group). TNF-α (500 ng/mice) was treated i.p. The mean tumor size (mm3)

was analyzed. (J) The expressions of THRIL, TNF-α, Bcl-2, E-cadherin and Vimentin in tumor tissues were determined by Q-PCR. *P < 0.05, **P < 0.01, ***P < 0.001. Data

represent the means ± SD.
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thus inhibiting activation of NF-κB and MAPK

pathways.19 lnc-IL7R was capable of diminishing the

LPS-induced inflammatory response via repressing LPS-

induced E-selectin, VCAM-1, IL-6, and IL-8.20 However,

the inflammatory lncRNAs in during the development of

OS remains unclear. TGF-β or TNF-α treatment could

enhance the expression of oncogenic lncRNA UCA1 for

cell growth, migration and invasion of OS cells.21 We also

found that TNF-α-induced EMT phenotype could be

restored by THRIL knockdown via upegulation of

E-cadherin and downregulation of Vimentin. Thus, con-

trolling chronic inflammation is crucial to prevent tumor

progression.

Currently, the researches on the role of THRIL focused

on inflammation-related diseases. Upregulated THRIL

was found to predict increased risk of acute respiratory

distress syndrome and positively correlates with disease

severity, inflammation, and mortality in sepsis patients.22

In this study, we found that lncRNA THRIL upregulated

TNF-α in tumor tissue and serum of OS patients, which

could be efficient diagnostic and prognostic biomarker.

THRIL was also positively associated with CRP, PCT,

TNF-α, and IL-1β levels in sepsis patients.22 In

Kawasaki disease, an acute inflammatory disease of child-

hood, THRIL was correlated with the severity of symp-

toms of patients.13 In hypoxia-induced injuries, THRIL

inhibition represents a protective effect against hypoxia-

induced injuries in H9C2 cells.22 However, THRIL RNA

expression was significantly decreased in autism spectrum

disorder (ASD) children, although TNF-α, IL-1β and

IL-17 were significantly increased in ASD children.23

THRIL was significantly decreased in patients with type

2 diabetes mellitus compared to control subjects, which

were positively correlated with poor glycemic control,

insulin resistance.24 But the investigation of THRIL in

cancer is limited. We found that the expression of

THRIL was increased in OS patients. High-expressed

THRIL was positively associated with advanced OS pro-

gression including tumor size, clinical stage and lung

metastasis. Patients with upregulated THRIL have shorter

overall survival time and metastasis-free time. Esfandi

et al investigated the role of THRIL in lung cancer, but

the expression of THRIL was not changed in lung cancer

samples and their corresponding adjacent noncancerous

tissues.25 Similar results were also reported in bladder

cancer.26 Interestingly, Wang et al found a significantly

decreased risk of precancerous cervical lesions for the

THRIL rs7133268 AG genotype (odds ratio

adjusted=0.63).27 These findings suggested the content-

dependent role of THRIL during disease progression.

The function of THRIL was related to its regulatory

role of TNF-α. We here confirmed that THRIL was posi-

tively associated with upregulated TNF-α in OS tissues

and serum. Combination of THRIL and TNF-α showed

prominent diagnostic value for OS patients. However,

TNF-α exerts diverse functions in cancer, other than the

role of promoting tumor death. For example, TNF-α could

promote cell growth, migration and invasion of MCF-7

estrogen receptor (ER)-positive and MDA-MB-231 (tri-

ple-negative) breast cancer cell lines, partially by inducing

the expression of MMPs.28 Consistently, we here found

that knockdown of THRIL in vivo could inhibit cell

growth and invasion, which was abrogated by the treat-

ment of TNF-α. The clinical analysis also showed that

patients with high expression of TNF-α have high histol-

ogy grade and THRILHigh/TNF-αHigh predicted worst

overall survival and metastasis-free survival of OS

patients.

In sum, we here investigated the clinical role and

function of upregulated THRIL/TNF-α signal in OS and

found that patients with THRILHigh/TNF-αHigh showed

poor clinical outcomes and short metastasis-free survival

time, which was involved with THRIL/TNF-α signal-

supported cell growth and EMT phenotype for OS

progression.
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