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Background: The transforming growth factor β regulator 4 (TBRG4) has been proved to be

involved in various types of tumor. However, its contribution in human osteosarcoma (OS) is

still unclear.

Patients and Methods: In the present study, immunohistochemistry and quantitative real-

time PCR were performed to investigate the expression of TBRG4 in OS tissues obtained

from patients and three types of cell lines. The effect of TBRG4 knockdown using lentivirus

on tumorigenesis was detected by CCK8, high-content screening analysis, colony formation

assay and flow cytometric analysis. Bioinformatics analysis was operated to investigate

related signaling pathways following TBRG4 knockdown.

Results: The results showed that the expression of TBRG4 increased significantly in OS

tissues and MG63 cell line. TBRG4 knockdown inhibited cell proliferation, colony and

tumor formation, while activating cell apoptosis. Ingenuity Pathway Analysis and Western

blot assay further indicated that TBRG4 knockdown may regulate the proliferation of human

MG63 cells through PI3K/Akt signaling pathway.

Conclusion: Our results suggest that TBRG4 may become a promising therapeutic target

for the treatment of human OS.

Keywords: TBRG4, osteosarcoma, proliferation, PI3K/Akt, MG63 cells

Introduction
Osteosarcoma (OS) is the most frequent malignant primary bone tumor commonly

found in children and adolescents.1–3 It is characterized by high malignancy, early

metastasis, poor prognosis and low survival rate, with an annual incidence rate of

4.4 cases per million in the US.2 Although OS accounts for less than 1% of all

diagnosed cancers in the US, it is the most common primary malignancy with the

5-year survival rate of <40%.4–6 In addition, treatments with poor prognosis, drug

resistance and toxic side effects are still crucial obstacles for radical therapies.7,8

Therefore, novel treatments are required urgently. In recent years, targeted therapy

has shown great potential in the treatment of OS, thus, based on the implicated

pathogenesis of OS, identification of new effective prognosis markers and key

molecular targets for OS will facilitate the accurate diagnosis and therapy for OS

patients.

Multiple studies have focused on novel molecular targets to improveOS therapeutic

efficacy including RTKs,9 steroid receptor co-activator,10 mTOR,11 and aurora

kinases.12 Recently, there has been interest in developing better understanding of
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tumor genesis mechanisms, especially about transforming

growth factorβ (TGF-β). TGF-β is a growth factor which

stimulates tumor growth in microenvironment of OS, the

expression of TGF-β is higher in patients with OS than that

in healthy individuals.13 Latest evidence has reported that

TGF-β is a potential target regulator in the metastatic

dissemination.14 However, whether TGF-β could be

a potential treatment target for OS remains unclear.

The transforming growth factor β regulator 4 (TBRG4),

also termed Fas-activated serine/threonine kinase domain-

containing protein4, FASTKD4 or cell cycle progression

restoration protein2, CPR2,15–17 encodes a regulator for

TGF-β.18 It is therefore conceivable that TBRG4 could be

a key molecular target in OS because of its regulation for

TGF-β. TBRG4 is located on the 7p14-p13 chromosomal

region, and participates in the development process of var-

ious diseases, especially cancer. Previous studies have

demonstrated that TBRG4 is a novel oncogene in breast

cancer, with its expression level correlating with breast

tumor malignancy. In addition, deficiency of TBRG4 could

significantly inhibit tumor cell proliferation and migration

through promoting apoptosis.19 Thus, we speculated that

TBRG4 may have the same effect on human OS. Notably,

Sevcikova et al,18 collected nine samples of bone marrow

plasma cells from multiple myeloma (MM) patients to eval-

uate the related genes associated with the high risk signature

of MM patients. They found that TBRG4 may serve as

a crucial gene and is highly relatied with MM. Therefore,

the hypothesis has been put forward that the altered TBRG4

expression would affect human OS growth and development.

However, the effect of TBRG4 on human OS are still poorly

understood.

In the present study, we first evaluated the expression

of TBRG4 in human osteosarcoma tissues and cell lines.

A lentiviral system was used to determine the role of

TBRG4 silencing on tumor proliferation, apoptosis, and

colony formation. The effect of TBRG4 on differentially

expressed genes patterns in human osteosarcoma tissues

and cell lines was also evaluated.

Patients and Methods
Patients’ Tissues
In the current study, 40 patients diagnosed with OS at the

First Affiliated Hospital of Anhui Medical University

between 2013 and 2016 were enrolled. The study was

approved by the Medical Ethics Committee of the Anhui

Medical University (2013–76). All the patients provided

written informed consent before tissue specimens were

collected, and the study was conducted in accordance

with the Declaration of Helsinki. OS tissues and para-

carcinoma tissue which come from pre-chemotherapy of

treatment (referred to as normal tissues, at least 1.0 cm

apart from the visible cancerous tissues) were collected

from distal femur for detecting the levels of TBRG4

expression by immunohistochemistry (IHC).

Cell Culture
Three human OS cells lines, MG63, U2OS, Saos-2 were

purchased from the Cell Bank of Chinese Academy of

Sciences (Shanghai, People's Republic of China). Cells

were cultured in Roswell Park Memorial Institute 1640 med-

ium (Thermo Fisher Scientific, Waltham, MA, USA) with

10% fetal bovine serum and 1% antibiotics (Sangon Biotech,

Shanghai, People's Republic of China) in a humidified atmo-

sphere at 37°C under 5% CO2.

Construction and Infection of shTBRG4

Lentivirus
A lentiviral system containing short hairpin RNA

(shRNA) was used to manipulate TBRG4 expression.

A candidate RNAi for human TBRG4 was designed to

target the sequence 5ʹ- GTTCTTCAGCCTGGTACAT-3ʹ.

Based on selected target sequences, shRNA interference

sequence was designed to synthesize DNA oligo. TBRG4

RNAi lentivirus was generated via ligating Stem-loop

DNA oligonucleotides into the lentiviral pGV115-GFP

vector (GeneChem, Shanghai, People's Republic of

China). The envelope plasmid was infected into MG63

cells, and the scramble shRNA was used as the negative

shRNA control. After 72 hours of transfection, the infected

cells with GFP proteins were observed using fluorescence

microscopy (Olympus XI-71, Tokyo, Japan) with

Lentivector Expression System (GeneChem) and fluores-

cent images were taken. After 72 hours of infection,

MG63 cells were harvested and qRT-PCR and Western

blot analysis were performed to determine knockdown

efficiency.

IHC Staining
The patients’ OS tissue sections (5 μm thick) were

dewaxed in xylene for 5 minutes, rehydrated in alcohol

gradient and rinsed in deionized water. After incubating in

10 mM citrate buffer at 95°C for 12 minutes, the slides

were fixed in fixative and blocked with 5% bovine serum
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albumin for 60 minutes. Then the slides were incubated

with TBRG4 antibody (1:1000, CST) at 4°C overnight,

followed by incubation of secondary antibody at room

temperature for 1 hour. After extensive washing, the slides

were stained with DAB and counterstained with hematox-

ylin. Finally, the slides were examined with a fluorescence

microscope and the positive cells were brown in color.

RNA Extraction and qRT-PCR
Total RNA was extracted from MG63 cells using Trizol

reagent (Life Technologies, USA), and reverse transcribed

into cDNA using cDNA Synthesis Kit (Sangon, Biotech)

according to the manufacturer’s protocol. The resulting

cDNA was analyzed by qPCR performed with SYBR

Green Supermix (Takara, Dalian, People's Republic of

China), and the data were normalized to GAPDH and

data analysis was conducted using the 2−ΔΔCt method.

The primers used for qPCR were as follows:

GAPDH Forward, 5ʹ-TGACTTCAACAGCGACACC

CA-3ʹ
Reverse, 5ʹ-CACCCTGTTGCTGTAGCCAAA-3ʹ(pro-

duct size: 121bp);

TBRG4 Forward, 5ʹ- CAGCTCACCTGGTAAAGCG

AT-3ʹ,

Reverse, 5ʹ-GGGAGTAGATGCTCGTTCCTTC-3ʹ

(product size: 194bp).

Western Blot Analysis
To evaluate TBRG4 knockdown efficiency in MG63 cells,

Western blot analysis was employed to determine the

TBRG4 expression. The MG63 cells were sonicated in

RIPA lysis buffer. The total protein concentration of cell

lysates was measured by the BCA method using BCA

protein kit (Sangon Biotech). Forty micrograms of proteins

were resolved by 812% sodium dodecyl sulfate-

polyacrylamide gel electrophoresis and transferred to poly-

vinylidene fluoride membranes (Sango Biotech). The mem-

branes were blocked with 5% non-fat milk for 2 hours,

incubated with primary antibody for 3 hours at room tem-

perature, followed by 4°C overnight. Afterward, the mem-

branes were incubated with secondary antibody at room

temperature for 1 hour and visualized using the ECL system

(GE Healthcare Bio-Sciences AB, Image Quan LAS 500,

Sweden).

Cell Proliferation Assay
MG63 cells transfected with TBRG4 lentivirus were seeded

in 96-well black assay plates with a clear bottom and lid at

a density of 2000 cells per well. After transfection, the plate

was imaged and analyzed once a day for 4 days continu-

ously using a Celigo Cell Imaging Cytometer (Nexcelom

Bioscience, Boston, MA, USA). Images were processed

and quantified using the Cell Analyzer software.

The effect of shTBRG4 on MG63 cells proliferation

was also evaluated by CCK8 assay using the cell viability

assay kit. First, 2000 cells per well were seeded in 96-well

plates and incubated for 24 hours. The cell-free group was

set as the blank control group, and three repeating pipettes

were set in each group. Then, 10 µL CCK8 reagent was

added into each well and incubated for 4 hours at 37°C.

The absorbance was read at 490 nm using ELx800

Absorbance Microplate Reader (BioTek Instruments,

Winooski, VT, USA) for 4 consecutive days.

Colony Formation Assay
MG63 cells transfected with shTBRG4 or shCtrl lentivirus

were cultured and incubated in complete medium for 2 days

until the logarithmic phase was reached. Then, cells were

collected and reseeded at a density of 600 cells per well in

6-well plates and incubated for 14 days at 37°C with 5%

CO2, in which three duplicates were set for each group. The

culture medium was changed every 3 days and the state of

cells were observed continuously. The cells were fixed in 4%

paraformaldehyde for 60 minutes at room temperature after

washing twice with PBS, then the colonies were stained with

Giemsa solution (Dingguo Biotech, Shanghai, People's

Republic of China) for 20 minutes. The colonies were

imaged and counted by a fluorescence microscope

(Olympus XI-71, Tokyo, Japan).

Tumor Sphere Formation Assay
Cells were trypsinized and seeded at a density of 1×103/

well in a 24-well ultra-low attachment round bottom plate,

cultured in complete medium with DMEM/F12 media

with 10 ng/mL basal fibroblast growth factor, 5 µg/mL

insulin, 0.4% bovine serum albumin, 20 ng/mL EGF. The

spheres were photographed and counted on day 1, day 6,

and day 11 using a fluorescence microscope.

High-Content Screening Analysis
To evaluate the effect of shTBRG4 on cell proliferation,

1×104 cells/well were seeded in 96-well assay plates that

were black with a clear bottom and lid. After incubation of

24 hours, the cells were transfected with shTBRG4 and

shCtrl for 72 h. EGFP were added and the live-cell ima-

ging was performed on the IN Cell analyzer 2200 Cell
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Imaging System for 4 consecutive days. Cell images were

analyzed by the IN Cell Investigator software.

Apoptotic Assay
For determination of shTBRG4 on MG63 cell apoptosis, the

Annexin V-FITC and PI staining kit (AAT bioquest, People's

Republic of China) was used. MG63 cells were infected

with shTBRG4 or shCtrl lentivirus, incubated for 48 hours,

the cells were then collected and washed in 1 mL of binding

buffer and centrifuged at 3000 g for 10 minutes. Then the

cell pellets were resuspended in binding buffer, and 10 µL of

Annexin V-FITC was added to each group incubating for 15

minutes at room temperature while protecting from light.

After which, 5 µL of PI solution was added immediately

prior to analysis using flow cytometry (Beckman Coulter).

PathArray Analysis
The genome-wide effect of TBRG4 knockdown was analyzed

by the PrimeView Human Gene Expression Array. Three

replicates of MG63 cells transfected with shTBRG4 or

shCtrl lentiviruses were analyzed. Total RNA of MG63 cells

infected with shTBRG4 or shCtrl for 72 hours was extracted

by Trizol, reversed transcription into cDNA, which was

further underwent in vitro transcriptional transcription and

synthesis into antisense RNA (aRNA). Then the aRNA was

fragmented into cDNA and hybrid with GeneChip, which was

performed with GeneChip Hybridization Wash and scanned

directly post-hybridization using a GeneChip Scanner.

Ingenuity Pathway Analysis (IPA)
Results of differentially expressed genes were analyzed by

IPA tool. The p-value (<0.05) and Z-score (>2) were used to

interpret the differentially expressed data, in which the “reg-

ulator effects,” “diseases and functions,” “canonical pathway,”

“upstream analysis,” and “molecular network”were involved.

The differentially expressed genes were mapped onto genetic

networks and ranked based on the Z-score to measure biolo-

gical networks, functional signaling pathways and upstream or

downstream target genes according to IPA program.

Statistical Analysis
In the present study, all results are from at least three

independent experiments and data were expressed as Mean

±Standard (SD). Statistical analyses were performed by

SPSS v. 20.0 with one-way ANOVA to test the significance

of normal group and TBRG4 knockdown group. A p-value

of less than 0.05 was considered statistically significant.

Results
The Role of TBRG4 Expression in Human

OS Tissues and Cell Lines
To investigate the role of TBRG4 in OS, we analyzed the

expression levels of TBRG4 in human osteosarcoma tissues

and cells. As shown in Figure 1A, all specimens emerged as

osteosarcoma by pathological examinations with HE staining

(HE images on the left). High TBRG4 immunoreactivity was

observed in OS tissues compared with para-carcinoma (IHC

images in the middle and on the right). The mRNA expression

levels of TBRG4 was detected in malignant human OS cells,

TBRG4 was widely expressed in MG63 and U2OS cells,

rather than Saos-2 cells (Figure 1B) (p<0.05). Thus, MG63

cells would be selected for subsequent experimental analysis.

Taken together, these results demonstrated that TBRG4 exhi-

bit high expression levels at both mRNA and protein levels in

OS tissues and cells compared to the normal group (p<0.05).

The Efficiency of Lentivirus-Mediated

TBRG4 in MG63 Cells
To evaluate the efficiency of knocking down TBRG4

expression mediated by lentivirus, the MG63 cells were

Figure 1 TBRG4 expression in OS tissues and three cell lines.

Notes: (A) Immunohistochemical staining showed that TBRG4 expression is much

higher than that of adjacent non-cancerous tissue. (B) qRT-PCR analysis of the

mRNA expression levels in three cell lines. *p<0.05, ##p<0.01 vs MG63 group.
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transfected with shTBRG4 or shCtrl lentivirus. After trans-

fection with lentivirus for 72 hours, the proportions of

infected MG63 cells expressing GFP accounted for more

than 80%, which was confirmed as high infection effi-

ciency and could be used for further analysis (p<0.05)

(Figure 2A and B). TBRG4 mRNA expression and protein

level was determined by qPCR and Western blot assay

respectively. As shown in Figure 2C, OS cells transfected

with shTBRG4 lentivirus showed a 50.3% decrease in

TBRG4 mRNA expression (p<0.05). Consistent with

qPCR data, the protein expression level of the shTBRG4

lentivirus transfected group showed the similar trend com-

pared to control group (p<0.05) (Figure 2D). Therefore,

these results demonstrated that TBRG4 expression was

downregulated by shTBRG4 lentivirus infection success-

fully at both mRNA and protein levels.

TBRG4 Knockdown Inhibited Cell

Proliferation in MG63 Cells
The effect of TBRG4 knockdown on MG63 cells prolif-

eration was determined by both High-content screening

analysis and CCK8 assay. To evaluate the effect of

shTBRG4 on cell proliferation, high-content screening

analysis was used to observe the cell count transfected

with shTBRG4 or shCtrl lentivirus for 4 days continu-

ously. The number of cells in the control group increased

in a time-dependent manner, while only a slight increase

was observed in the shTBRG4 group (Figure 3A), and the

difference was statistically significant (Figure 3B).

Furthermore, the effect of shTBRG4 on cell proliferation

was also detected using CCK8 assay. After transfecting

with shTBRG4 or shCtrl lentivirus for 72 h, CCK8 reagent

was used to figure up the OD450 ratio, the result showed

that TBRG4 knockdown inhibited cell proliferation signif-

icantly compared with the control group (Figure 3C)

(p<0.05). All these results showed that TBRG4 knock-

down could inhibit MG63 cells proliferation significantly.

Deficiency of TBRG4 Promoted

Apoptosis in MG63 Cells
To evaluate whether TBRG4 knockdown affect MG63 cells

apoptosis, flow cytometry was used to determine the cell

Figure 2 Efficiency of TBRG4 knockdown infected by shTBRG4 lentivirus in MG63 cells.

Notes: The bright (A) and fluorescence (B) images of MG63 cells after infection with shTBRG4 lentivirus to evaluate the infection efficiency. (C) qRT-PCR analysis of

TBRG4 expression following TBRG4 knockdown infected with shTBRG4 lentivirus. (D) Western blot analysis of TBRG4 expression following TBRG4 knockdown infected

with shTBRG4 lentivirus (**p<0.01).
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apoptosis. The result observed was 1.88% of the apoptotic

rate in cells transfected shCtrl lentivirus, while, in OS cells

infected with shTBRG4, apoptotic cell rate reached 12.95%

(Figure 3D). The difference was statistically significant

(Figure 3E). The results revealed that TBRG4 deficiency

could lead to induction of apoptosis in MG63 cells.

Figure 3 The effect of TBRG4 knockdown on cell proliferation and apoptosis.

Notes: (A) Fluorescent images of MG63 cells transfected with shTBRG4 lentivirus at various time points. (B) Cell count analysis to evaluate TBRG4 knockdown on cell

proliferation in MG63 cells (p<0.05). (C) Determination of cell viability of MG63 cells infected with shTBRG4 lentivirus by CCK8 assay. (D) Images of apoptosis induced

by TBRG4 knockdown using flow cytometry assay (p<0.05). (E) Quantification of apoptosis rate. The results represent mean±SD of three separate experiments

(**p<0.01).
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TBRG4 Knockdown Suppressed the

Ability of MG63 Cells to Form Colonies

and Tumor
Tumor sphere formation assay was performed to inspect

the effect of shTBRG4 lentivirus on tumor sphere forma-

tion capacity of MG63 cells. As shown in Figure 4A,

deficiency of TBRG4 significantly reduced the size and

number of spheres than that formed by the control lenti-

virus cells, and the difference was statistically significant

(Figure 4B). Colony formation assay was further per-

formed to evaluate the ability of colony formation follow-

ing TBRG4 knockdown. The result showed significant cell

proliferation suppression (p<0.05). As shown in Figure 4C

and D, an average count of colony was 112 in cells with

shCtrl infection, however, only 46 colonies were found on

the cells transfected with shTBRG4 lentivirus. These

results suggest that depletion of TBRG4 can inhibit the

ability of tumor proliferation of MG63 cells.

Knockdown of TBRG4 Can Alter Profiles

of Signaling Molecules in MG63 Cells
Gene expression profiling platform with a PrimeView

Human Gene Expression Array was used to compare

differential gene expression profiles between three biological

replicates of shCtrl and shTBRG4 cells. A total of 2,268

differentially expressed genes were identified, in which

1,134 were upregulated and 1,134 were downregulated

(Figure 5A). To verify the accuracy of the gene chip, we

selected 30 genes with significant differences to be checked

using qPCR. The results showed that all the 30 genes expres-

sion was consistent with the results of gene expression array

(Figure 5B). An IPA program was performed to analyze the

regulator effect, diseases and functions, canonical pathway,

upstream analysis, and molecular network in the 2,268 dif-

ferently regulated genes. The enrichment analysis of differ-

ential genes using IPA database revealed 13 significantly

altered ingenuity canonical pathways, in which seven path-

ways were significantly inhibited (Z-score≤-2) and six were

activated (Z-score≥2). 3-Phosphoinositide Biosynthesis

Pathway was significantly inhibited with a Z-score of

−2.401 and Superpathway of Cholesterol Pathway was sig-

nificantly activated with a Z-score of 2.449 (Figure 5C). To

investigate the signaling pathways in shTBRG4-treated

MG63 cells, we evaluated the PI3K/Akt signaling pathway

expression involved in 3-Phosphoinositide Biosynthesis

Pathway using Western blot assay. The data showed that

the protein expression of PI3K and Akt was significantly

Figure 4 Tumor formation ability and colony formation ability was impaired by shTBRG4 in MG63 cells.

Notes: (A) Representative images of tumor sphere formation in MG63 cells infected with lentivirus expressing TBRG4 or control. (B) Quantification of the sphere

formation amount in MG63 cells infected with lentivirus expressing TBRG4 or control (p<0.05). (C) Representative images of colony formation in MG63 cell infected with

lentivirus expressing TBRG4 or control. (D) Quantification of clone number formed by MG63 cells infected with lentivirus expressing TBRG4 or control. The results

represent mean±SD of three separate experiments (*p<0.05).
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decreased in shTBRG4-treated MG63 cells compared to

shCtrl-treatedMG63 cells (Figure 5D). These results provide

foundation for the subsequent molecular mechanisms study

of TBRG4 in MG63 cells.

Discussion
OS is highly aggressive and is characterized by early dissemi-

nation and poor prognosis with no significant therapeutic

advances since the 1970s.20 Despite the effective limitation

of micro-metastatic and improvement of OS rate by the incor-

poration of adjuvant systemic chemotherapy including doxor-

ubicin, cisplatin, and high-dose methotrexate,21 the patients

with metastatic disease remain a considerable challenge with

a 5-year survival rate of only 20% or less.22 In addition, high-

dose chemotherapy induces several adverse effects.23

Therefore, there is an increasing sense of urgency to develop

specific molecular targeted therapeutic approaches for OS

patients with poor prognosis. Accumulating evidences have

demonstrated that TBRG4 is implicated in numerous types of

cancer including lung cancer,19 glioblastoma,24 Sézary

syndrome,25 and multiple myeloma.18 These findings implied

that TBRG4 is closely related to human tumorigenesis, which

provides evidence to speculate that TBRG4 might be

a potential biomarker in OS. However, the contribution of

TBRG4 to OS has not yet been evaluated.

The present study described that the expression of

TBRG4 in human OS tissues and MG63 cells was signifi-

cantly higher than in paracancerous tissues (Figure 1A, IHC

assay) and other cancer cell lines (Figure 1B). To further

investigate its effect on tumorigenesis in MG63 cells, the

lentivirus was applied to efficiently knockdown TBRG4

expression and the results suggested that silence of

TBRG4 suppressed cell proliferation, the ability to form

colonies and tumor, while activating apoptosis in MG63

cells. The results above indicate that TBRG4 plays

a crucial role in the promoting proliferation of MG63 cells

and may participate in the pathological process of OS.

The TBRG4 gene is located on 7p14-p13 and encodes

a regulator of TGF-β. Evidences have reported that

increased expression of TBRG4 had a direct connection

to MM, and TBRG4 could facilitate risk stratification of

MM patients.26 Wang et al19 demonstrated that TBRG4

increased significantly in lung cancer tissues compared to

cancer-adjacent normal tissues. Also, previous studies

showed that TBRG4 is a novel oncogene in breast cancer,

with its expression level correlating with breast tumor

Figure 5 IPA summary of differentially expressed genes derived from a microarray

of 49,369 genes.

Notes: (A) Heat map of differentially expressed genes derived from microarray.

(B) A total of 30 genes with significant differences were selected to verify the

accuracy of shTBRG4 lentivirus using qRT-PCR assay. (C) The enrichment analysis

of differential genes using IPA database. (D) Detection of PI3K and Akt protein

expression by Western blot assay (*p<0.05).
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malignancy. In line with these findings, our study identi-

fied that TBRG4 expression increased both in human OS

tissues and MG63 cell lines compared to the control group,

which suggests that TBRG4 plays an important role in OS

and may participate in the pathological mechanisms of

human OS.

Multiple studies have reported a role of TBRG4 in var-

ious diseases. TBRG4 was recognized as a cell cycle-related

gene which is located in mitochondria. The depletion of

TBRG4 leads to alteration of cell functions. Ali et al15

reported the potential role of TBRG4 encoded in the mito-

chondrial genome for variable mitochondrial-encoded gene

expression in complex disease. Disrupting TBRG4 results in

decreased ND3 mRNA and ND5-CYB precursor accumula-

tion, suggesting the regulation of mitochondrial RNA home-

ostasis linked to mitochondrial disease.27 Additionally, it has

been reported that nearly 30% of cell lines in head and neck

squamous cell carcinomas have chromosome abnormalities

on 7p13-p22, the region where TBRG4 is located.28 For

instance, Sézary syndrome is a leukemic form of cutaneous

T-cell lymphomawith chromosomal abnormalities andmuta-

tions in some genes. TBRG4, involved in the pathogenesis of

Sézary syndrome, was disrupted due to deletions and dupli-

cations of large segments of chromosome 17 in Sézary syn-

drome patients.25 Recently, the effect of TBRG4 depletion on

lung cancer was reported to inhibit tumor cell proliferation

and tumor formation and to induce apoptosis in H1299 cell

line. Furthermore, deficiency of TBRG4 could significantly

reduce tumor cell proliferation and migration in a list of

breast cancer cell lines.19 In accordance with those studies,

we found that depletion of TBRG4 inhibited viability and

proliferation of human OS cells. In addition, our results show

that knockdown of TBRG4 induced significant cell apopto-

sis, and we speculated that the growth suppression may

partially contribute to activated apoptosis.

To further investigate the mechanisms of TBRG4 in

numerous types of tumor, researchers have predicted potential

downstream or upstream target genes using bioinformatics

analysis methods, although the study of pathologic mechan-

isms of TBRG4 in cancers are still limited. Wang et al,19

demonstrated a significant increase in the level of DDIT3

and a decrease in the levels of CAV1 and RRM2 genes, and

came to the conclusion that TBRG4 knockdown regulated the

tumorigenesis of H1299 cells by upregulation of DDIT3 and

downregulating of CAV1 and RRM2. In our study, the whole-

genome sequencing analysis of human OS tumors with

TBRG4 depletion was performed to obtain an understanding

of molecular network related to TBRG4 and OS. According to

the results of IPA, 2,268 differentially expressed genes were

categorized into a number of diseases. Further analysis

showed that 3-phosphoinositide biosynthesis pathway was

significantly inhibited with a Z-score of −2.401.
Phosphoinositides play a key role in signal transduc-

tion, transmitting signals from the cell surface to modulate

intracellular processes. The 3-phosphoinositide pathway is

one of the major pathways of intracellular signal transduc-

tion, in which the phosphatidylinositol 3-kinases (PI3K)

plays a central role in this pathway. Genetic activation of

the PI3K pathway is very common in cancer, and it has

been shown to regulate cellular activity through stimula-

tion of receptor tyrosine kinases and the concomitant

assembly of receptor-PI3K complexes.29 In addition, evi-

dence has shown that targeting PI3K and mTOR were

effective at inducing apoptosis in primary OS cell cultures

in vitro, suggesting that PI3K/mTOR pathway is

a sensitive target in human OS.30 The present study indi-

cates that knockdown of TBRG4 significantly decreased

expression of PI3K and Akt, which may be responsible for

increased apoptosis and inhibition of tumor proliferation in

MG63 cells. However, the exact mechanism of PI3K/Akt

pathway involved in shTBRG4-treated human OS cells is

currently unclear and requires further investigations.

Conclusion
In conclusion, our results highlighted that TBRG4 expression

is increased in OS tissues and cell lines.We identified the role

of TBRG4 in MG63 cells by silencing its expression with

shTBRG4 lentivirus. The current study showed that TBRG4

depletion inhibited cell proliferation, the ability of colony

formation and tumor formation, while activating apoptosis in

MG63 cells. In addition, TBRG4 knockdown inhibits the

protein expression of PI3K and Akt, which suggests that

PI3K/Akt signaling pathway may participate in the role of

TBRG4 knockdown on tumor proliferation. These findings

imply that TBRG4 knockdown plays an essential role in

decreased tumor proliferation of OS cell lines and offers

a broad range of understanding for pathogenic cause of OS.

However, the exact underlying molecular mechanisms of

TBRG4 in OS are yet to be further studied.

Highlights
1. The high expression of TBRG4 exhibited in human

osteosarcoma tissues and MG63 cell line.

2. The inhibition of cell viability and colony formation

shown in TBRG4 knockdown cells, with an increasing

trend of cell apoptosis.
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3. PI3K/Akt pathway played a crucial role in the process

of shTBRG4 on proliferation of MG63 cells.

4. TBRG4 will probably become a therapeutic target

and biomarker in osteosarcoma treatment.

Abbreviations
TBRG4, transforming growth factor β regulator 4; OS, osteo-
sarcoma; qPCR, quantitative real-time PCR; IPA, ingenuity

pathway analysis; TGF-β, transforming growth factor β; MM,

multiple myeloma; IHC, immunohistochemistry; shRNA,

short hairpin RNA; PI3K, phosphatidylinositol 3-kinases;

RTKs, receptor tyrosine kinases; aRNA, antisense RNA.
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