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A B S T R A C T

Many studies have uncovered the essential role of ZBTB7A in regulating tumourigenesis. However, its functional
significance in cell responses to endoplasmic reticulum stress (ER stress) remains poorly understood. Here we
report that ZBTB7A functions as an important prosurvival factor in osteosarcoma cells undergoing pharmaco-
logical ER stress-induced by tunicamycin (TM) or thapsigargin (TG). The downregulation of ZBTB7A expression
by ER stress promoted cell apoptosis in vitro and in vivo. ZBTB7A expression levels were increased in osteo-
sarcoma tissues and elevated ZBTB7A was associated with osteosarcoma metastasis. Further mechanistic studies
revealed that miR-663a induced by ER stress directly bound to the 3′UTR of ZBTB7A and contributed to ER
stress-induced ZBTB7A downregulation in osteosarcoma cells. Additionally, our data revealed that ZBTB7A
bound to the promoter of LncRNA GAS5 and transcriptionally suppressed LncRNA GAS5 expression, leading to a
decline in ER stress-induced cell apoptosis. Collectively, our findings reveal the prosurvival role of ZBTB7A in
osteosarcoma adaptation to ER stress and suggest that the miR-663a-ZBTB7A-LncRNAGAS5 pathway is essential
for the survival of human osteosarcoma cells under ER stress.

1. Introduction

Osteosarcoma is the most commonly occurring primary malignant
bone tumour that most frequently develops in childhood and adoles-
cence. In recent years, the 5-year survival rates of patients with loca-
lized osteosarcoma have remained at 60–70% due to surgery together
with multi-agent chemotherapy [1]. However, the 5-year survival rate
of patients with metastatic osteosarcoma is less than 20% [2,3]. As is
the case for other cancers, distant metastasis remains a major obstacle
to the treatment of osteosarcoma.

Cancer cells are able to spread from the tumour of origin to colonize
distant organs where they can form another tumour [4]. When tumours
metastasise, cells are subjected to diverse microenvironments such as
hypoxia and nutrient starvation, leading to the accumulation of im-
properly folded proteins in the endoplasmic reticulum (ER) lumen, re-
sulting in ER stress [5]. When this occurs, an adaptive mechanism
called the unfolded protein response (UPR) is triggered to help the cell
cope with this change and restore protein homeostasis in the ER, later
contributing to tumourigenesis and metastasis [6]. Therefore,

understanding potential molecular mechanisms of adaptation to ER
stress is beneficial in developing new strategies for preventing tumour
metastasis and for improving the survival rates of patients with meta-
static osteosarcoma.

ZBTB7A, also known as Pokemon, LRF, or FBI, is a member of the
POK family of transcriptional repressors, which consists of an NH2-
terminal POZ/BTB domain and 4 COOH-terminal krüppel-type zinc
fingers. The POZ/BTB domain is involved in homodimerization or
heterodimerization and recruits corepressors such as BcoR, NcoR, or
SMRT while the krüppel-type zinc finger domain mediates specific
forms of DNA recognition and binding [7,8]. ZBTB7A has been reported
to proliferate in some human cancers such as breast cancer, colorectal
cancer, prostate cancer and bladder cancer and to play an important
role in tumourigenesis [9,10]. However, some studies have indicated
that ZBTB7A acts as a tumour suppressor by repressing glycolysis and
metastasis [11,12]. Our finding indicate that ZBTB7A enhances osteo-
sarcoma chemoresistance by suppressing LINC00473 expression [13].
Although different functions have been reported, the role of ZBTB7A in
osteosarcoma adaptation to ER stress remains unclear.
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In this study, we found that ZBTB7A plays an essential role in os-
teosarcoma adaptation to ER stress. ZBTB7A decline induced by ER
stress promoted cell apoptosis in vitro and in vivo. Further mechanistic
studies revealed that miR-663a induced under ER stress directly bound
to the 3′UTR of ZBTB7A and contributed to ZBTB7A downregulation
under ER stress. Additionally, our data revealed that ZBTB7A tran-
scriptionally suppressed GAS5 expression under ER stress, leading to a
decline in cell apoptosis. Collectively, our findings reveal the pro-
survival role of ZBTB7A in osteosarcoma adaptation to ER stress and
suggest that the miR-663a-ZBTB7A-GAS5 pathway is essential for the
survival of human osteosarcoma cells under ER stress.

2. Methods

2.1. Cell culture and reagents

U2OS and 143B cells were maintained in Dulbecco's modified Eagle
medium. MG63 cells were cultured in Eagle's Minimum Essential
Medium (EMEM). Saos-2 cells were cultured in McCoy's5A Medium.
These media were supplemented with 10% foetal bovine serum (FBS)
(ExCell Bio, Lot: FSP500), 2 mM L-glutamine, penicillin (100 U/ml),
streptomycin (100 μg/ml) and 0.1% Savelt ™ (Hanbio Co. LTD 1:1000)
in a humidified atmosphere of 5% CO2 maintained at 37 °C. The fol-
lowing antibodies were used in this study: antibodies against GAPDH
(Santa Cruz Biotechnology, Dallas, TX, USA; SC-25778, 1:1000), PARP
(Santa Cruz Biotechnology, SC-8007, 1:1000), ZBTB7A (Santa Cruz
Biotechnology, SC-33683, 1:500 for ChIP, 1:1000 for WB), and GRP78
(Santa Cruz Biotechnology, SC-13968, 1:1000 for WB). Tunicamycin
(TM, Lot:T7765) and thapsigargin (TG, Lot:T9033) were purchased
from Sigma Chemical Co. They were dissolved in DMSO and developed
in stock solutions of 3mmol/L for tunicamycin and of 1mmol/L for
thapsigargin. The cells were treated with 3 μmol/L TM or 1 μmol/L TG
at the indicated times.

2.2. Plasmids and transfection

ZBTB7A was constructed into pCDNA3.0-Flag vector. We trans-
fected 5 μg plasmids into osteosarcoma cells (1× 106) using
Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA) according to the
Lipofectamine™ 3000 Reagent Protocol. Empty vectors were then used
as the negative control. The lentiviral expression vector for ZBTB7A and
GAS5 was constructed by inserting full-length cDNA into a pCDH
vector. To generate a lentivirus expressing ZBTB7A or GAS5, HEK 293T
cells grown on a 6-cm dish were transfected with 2 μg pCDH-ZBTB7A or
GAS5 and control vector (pCDH), 1.5 μg psPax2, and 0.5 μg pMD2G. At
24 h after transfection, cells were cultured with DMEM containing 10%
FBS for an additional 24 h. The culture medium containing lentiviral
particles was centrifuged at 1000 g for 5min. Viral particles collected in
the supernatant were used for infection. To establish a stable cell line,
the puromycin (2.5 μg/ml) was used as a selection marker for the in-
fected cells. The expression efficiency was evaluated by western blot
analysis.

2.3. RNA interference

RNA interference was performed as previously described [14,15]. In
brief, to generate ZBTB7 stably knockdown cells, the ZBTB7A shRNA
sequences were cloned into the pLKO-puro vector. The targeting se-
quences of ZBTB7A were as follows: No.1 5-CCACTGAGACACAAACC
TATT-3 and No.2 5-GAACGTGTACGAGATCGACTT-3. pLKO.1-
shRNAZBTB7A or pLKO.1 vector, pVSVG, pREV and pGAG were co-
transfected into HEK293T cells for 24hrs, and cell culture media were
collected. The viruses were used to infect cells in the presence of
polybrene. Forty-eight hours later, osteosarcoma cells were cultured in
medium containing 2.5 mg/ml puromycin for the selection of stable
clones. The knockdown efficiency was evaluated by western blot

analysis.
LncRNA GAS5 was knocked down in osteosarcoma cell using the

siRNAs. The siRNA sequences for GAS5 knockdown were as follows:
No.1 5-GGACCAGCTTAATGGTTCT-3 and No.2 5-GCAAGCCTAACTCA
AGCCA-3. The knockdown efficiency was evaluated by q-RT-PCR ana-
lysis.

2.4. Introduction of microRNA mimics and inhibitors

Mimics and inhibitors of miRNA-663a were synthesized by the
GenePharma Company (Shanghai, People's Republic of China). For each
transfection in a six-well plate, 100 nM miRNA mimics, scrambles or
inhibitors were used. The transfection of osteosarcoma cells by
Oligofectamine (Invitrogen) was performed according to the manufac-
turer's instructions.

2.5. Real-time RT-PCR and RT-PCR

Total RNA was isolated using Trizol (Invitrogen). One microgram of
total RNA was used to synthesize cDNA using the PrimeScriptTM RT
reagent kit (Takara, RR047A) according to the manufacturer's instruc-
tions. The following primers were used: Actin: F: 5-GACCTGACTGAC
TACCTCATGAAGAT-3 and R:5-GTCACACTTCATGATGGAGTTGAAGG-
3; ZBTB7A: F:5- CCCTACGAGTGCAACATCTG-3 and R:5- CTTCAGGTC
GTAGTTGTGGG-3; and GAS5: F: 5- ACAGGCATTAGACAGAAAGC-3
and R: 5- TACCCAAGCAAGTCATCCA-3. ZBTB7A and GAS5 levels were
normalized to those of β-actin, and miR-663a levels were normalized to
U6. Changes in gene expression were determined using the 2−ΔΔCT

method. Primers for mature miR-663a were purchased from Takara.

2.6. Tissue microarrays and immunohistochemistry

Osteosarcoma tissue microarrays were purchased from Alenabio
(Xi'an, China), and they contained a total of 42 osteosarcoma tissues
and 22 normal tissues. Immunohistochemistry was performed as pre-
viously described [16]. Characteristics of the patients and their tumours
were collected through a review of medical records and pathologic
reports. Informed consent with approval of the ethics committee of
Taizhou Hospital of Zhejiang Province was obtained. All methods used
for this study were in accordance with the approved guidelines, and all
experimental protocols employed were approved by the ethics com-
mittee of Taizhou Hospital of Zhejiang Province.

Sections were stained with Masson's trichrome and H&E (haema-
toxylin and eosin) for histopathological examination. For im-
munohistochemistry, sections were subjected to antigen retrieval using
microwave heating at 95 °C in citrate buffer (pH=6.0, for ZBTB7A).
The indicated antibodies specific to ZBTB7A (1:200) were diluted ac-
cording to the manufacturer's instructions. Degrees of immunostaining
were reviewed and scored by two independent observers. The propor-
tion of the stained cells and the extent of the staining were used as
criteria of evaluation. For each case, at least 1000 tumour cells were
analysed. For each sample, the proportion of ZBTB7A expressing cells
varied from 0% to 100%, and the intensity of staining varied from weak
to strong. One score was given according to the percentage of positive
cells as follows:< 5% of the cells: 1 point; 6–35% of the cells: 2 points;
36–70% of the cells: 3 points;> 70% of the cells: 4 points. Another
score was given according to the intensity of staining as follows: ne-
gative staining: 1 point; weak staining (light yellow): 2 points; mod-
erate staining (yellowish brown): 3 points; and strong staining (brown):
4 points. A final score was then calculated by multiplying the above two
scores. When the final score was equal to or greater than four, protein
expression in the tumour was considered high; otherwise, protein ex-
pression in the tumour was considered low.
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2.7. ChIP assay

The ChIP assay was performed as previously described [13]. In
brief, MG63 cells treated with or without 1 μMTG or 3 μMTM for 36h
and then the cells were cross-linked with 1% formaldehyde for
10min at room temperature. ChIP assay was performed according to
the manufacturer's instructions by using anti-ZBTB7A, and the ChIP
assay kit (Millipore, Merck KGaA, Darmstadt, Germany). Anti-mouse
IgG was used as control. The bound DNA fragments were eluted and
amplified by PCR using the following primer pair: 5- TAAGTGTTAAC
TATAAG-3 and 5- CAGCCATTTTTTAAAA-3. PCR products were sepa-
rated on 2% agarose gel by gel electrophoresis.

2.8. Promoter reporters and dual-luciferase assay

The promoter of GAS5 and the matching mutant were constructed
into a pGL3-basic vector. 3′UTR of ZBTB7A was constructed into a
pSICHECK2 vector. Luciferase activity was measured in a 1.5-ml
Eppendorf tube with a Promega Dual-Luciferases Reporter Assay kit
(Promega E1980) according to the manufacturer's protocol after
transfection. Relative Renilla luciferase activity was normalized to
firefly luciferase activity. The assay was performed as previously de-
scribed [17,18].

2.9. Long non-coding RNAs and miRNA sequencing analysis

U2OS cells were treated with 1 μMTG for the indicated times. Total
RNA was isolated using Trizol reagent (Invitrogen, Carlsbad, CA, USA).
Small RNA and long non-coding RNA sequencing were performed by
KangChen Bio-tech using the Illumina Small RNA Sequencing Platform.
The TruSeq small RNA library preparation kit (Illumina, San Diego, CA,
USA) was used for library preparation. Sequencing was performed using
an Illumina HiSeq 2000 sequencing system, and 10Mb of clean reads
were analysed using routine algorithms (KangChen Bio-tech, Inc.,
Shanghai, China).

2.10. Tumour growth and metastasis assay

Animal studies were conducted in accordance with the National
Institute of Health Guide for the Care and Use of Laboratory Animals
with the approval of the Animal Research Committee of Dalian Medical
University. Male nude mice (4–6 weeks of age, 18–20 g) were obtained
from the SPF Laboratory Animal Center of Dalian Medical University
(Dalian, China) and were randomly divided into the indicated groups.
Mice (n= 6) in the groups were subcutaneously injected with 1×106

143B cells with or without ZBTB7A knockdown. The 143B cells con-
taining the pLKO.1vector were used as the negative control and the first
sequence (No.1) of shRNA ZBTB7A was used for the in vivo mice ex-
periment. These stable cells were maintained in Dulbecco's modified
Eagle medium containing 2.5mg/ml puromycin for the selection of
stable clones. After 12 days, tumour size was measured every 4 days
with Vernier callipers and converted to TV according to the following
formula: TV (mm3)=(axb2)/2 where a and b are the largest and
smallest diameters, respectively. All animals were killed 4 weeks after
injection, and the transplanted tumours were removed, weighed and
fixed for further study.

2.11. Caspase-3 activity assay and cell viability assay

Caspase-3 activity was analysed using the Caspase-3 Activity Assay
Kit (Roche) according to the manufacturer's instructions. In brief, the
tissue lysate was incubated with 100 μL of caspase-3 reagent at 37 °C for
1–2 h, and then, the fluorescence intensity (at 370–425 nm excitation
and 490–530 nm emission wavelengths) was measured using a Spectra
MAX M5 spectrophotometer (Molecular Devices).

Osteosarcoma cells were plated in 96-well plates at a density of

1000 cells in 200 μl of medium per well for 24 h and then were treated
with 1 μMTG or 3 μMTM as indicated. Cell viability was determined
using the CCK-8 kit (Cell Counting Kit-8).

2.12. Annexin V-FITC staining and TNUEL assay

The staining protocol was performed following the manufacturer's
instructions (BD). Generally, Osteosarcoma cells (5× 105) treated as
indicated were harvested by a 5min centrifugation at 1000g and re-
suspended in 195 μL binding buffer, followed by a 10min incubation
with 5 μL Annexin V-FITC at room temperature avoiding any light.
After an additional centrifugation, the cells were resuspended in 190 μL
binding buffer and 10 μL PI stain was added with slight shaking. FACS
(BD) analysis was employed for detecting cell apoptotic events.

Osteosarcoma cells treated as indicated were analysed by the
TUNEL Apoptosis detection kit (FITC) (40306ES20) and the protocol
was performed following the manufacturer's instructions.

2.13. Statistics and data analyses

The data are expressed as mean ± SD values and a statistical eva-
luation was performed using a one-way analysis of variance (ANOVA).
Values of p < 0.05 were considered statistically significant.

3. Results

3.1. ZBTB7A inhibits ER stress-induced osteosarcoma cell apoptosis

To investigate the role of ZBTB7A in osteosarcoma adaptation to ER
stress, we first examined the expression of ZBTB7A in U2OS and 143B
cells in response to 1 μM thapsigargin (TG) or 3 μM tunicamycin (TM)
to induce pharmacological ER stress. These cells were relatively sensi-
tive to cell death induced by 1 μMTG or 3 μMTM and the activation of
ER stress was evidenced by the induction of GRP78. Remarkably, the
induction of ER stress downregulated ZBTB7A expression and fa-
cilitated cell apoptosis, as indicated by an increase in cleaved PARP in
both U2OS and 143B cells (Fig. 1A and B and Figs. S1A–1B). However,
the decrease in ZBTB7A induced by ER stress disappeared in ER stress-
resistant osteosarcoma cells MG63 and Saos2, implying that ZBTB7A
may be a regulator of ER stress-induced apoptosis (Fig. 1C and D and
Figs. S1C–1D). To further confirm this conclusions, ZBTB7A was over-
expressed in U2OS cells, and the cells were treated with 1 μMTG or
3 μMTM for the indicated times. Relative to the control cells, the ele-
vation of ZBTB7A repressed ER stress-induced apoptosis and increased
cell viability (Fig. 1E and H and Fig. S1E). On the other hand, the in-
hibition of ZBTB7A promoted cell apoptosis and decreased cell viability
in MG63 and Saos2 cells (Fig. 1I–L and Fig. S1F).

3.2. Elevated ZBTB7A in osteosarcoma tissues promotes tumourigenesis in
vivo

Based on the observation that ZBTB7A contributes osteosarcoma
adaptation to ER stress in vitro, we examined whether ZBTB7A facil-
itates osteosarcoma cell growth and suppresses cell apoptosis in vivo. To
prove this, 143B cells with or without ZBTB7A knockdown were in-
jected into 4- to 6-week-old BALB/C (nu/nu) male nude mice.
Compared to the control cells, the knockdown of ZBTB7A suppressed
tumour growth as indicated by a decrease in tumour volume and tu-
mour weight and accelerated cell apoptosis as indicated by Caspase 3
activity and increases in cleaved PARP (Fig. 2A and F and Fig. S2).

To further confirm our finding, we analysed the expression levels of
ZBTB7A in osteosarcoma tissues by immunohistochemical staining.
Compared to those of the normal tissues, the protein levels of ZBTB7A
were markedly increased in osteosarcoma tissues. The increase in
ZBTB7A was found to be positively correlated with osteosarcoma me-
tastasis (Fig. 2G and I).
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3.3. miR-663a inhibits ZBTB7A expression in osteosarcoma cells

To explore the mechanism underlying ER stress-induced ZBTB7A
downregulation, we first analysed the mRNA levels of ZBTB7A in re-
sponse to ER stress treatment and found that the mRNA levels of
ZBTB7A were not altered in response to TG or TM treatment (Figs.
S3A–3B). A large number of studies have shown that miRNAs are im-
portant regulators of ZBTB7A expression in a transcriptionally in-
dependent manner [19,20]. Thus, we aim to determine whether
miRNAs are involved in regulating ZBTB7A expression under ER stress.
To this end, different sequences of ZBTB7A 3′UTR were cloned by PCR
and then were inserted into luciferase report pSicheck2 vector
(Fig. 3A). Dual-luciferase report results show that the luciferase activity
of ZBTB7A 3′UTR (P3) was significantly decreased in response to TG or
TM treatment, indicating that the decline in ZBTB7 by ER stress re-
sulted from miRNAs (Fig. 3B and C). Through a combined RNA se-
quencing analysis and web-based miRNA resources we found that miR-
663a, miR-4787-5p, miR-1290, miR-448a and miR-6218, which were
upregulated by ER stress, served as candidate miRNAs for ZBTB7A
(Fig. 3D and E, Table S1 and Table S2). To verify this result, the
miRNAs were transfected into U2OS cells together with ZBTB7A 3′UTR
and luciferase activities were measured. As shown in Fig. 3F, miR-663a
notably suppressed the activity of ZBTB7A 3′UTR(P3). To further con-
firm this finding, we constructed the 3′UTR region of ZBTB7A con-
taining the wild type binding site (WT) or the corresponding binding
mutant (Mut) for miR-663a in the luciferase reporter system and carried
out luciferase assays (Fig. 3G). We found that the overexpression of

miR-663a suppressed ZBTB7A expression and decreased luciferase ac-
tivity, and this decrease was prevented when the binding site was
mutated (Fig. 3H and K and Fig. S3C). Conversely, the inhibition of
miR-663a increased ZBTB7A expression and upregulated luciferase
activity (Fig. 3L and O and Fig. S3D). Thus, these data suggest that miR-
663a inhibits ZBTB7A expression in osteosarcoma cells.

3.4. miR-663a contributes to ER stress-induced ZBTB7A downregulation
and promotes cell apoptosis

Having identified that miR-663a can suppress ZBTB7A expression in
osteosarcoma cells, we next explored whether miR-663a contributes to
ER stress-induced ZBTB7A decline. To investigate this, we first con-
firmed the upregulation of miR-663a in response to ER stress and found
the expression levels of miR-663a to be significantly increased in U2OS
cells under ER stress (Fig. 4A). Subsequently, ZBTB7A 3′UTR was
transfected into U2OS cells with or without miR-663a inhibitor and
then the cells were treated with 1 μMTG or 3 μMTM to induce ER
stress. We found that the decrease in luciferase activity and protein
levels of ZBTB7A in response to TG or TM treatment disappeared when
miR-663a inhibitor was overexpressed. Similar results were obtained
for 143B cells (Fig. 4B and C and Figs. S4A–4D). On the other hand, the
exogenous expression of miR-663a in MG63 cells inhibited luciferase
activity and protein levels of ZBTB7A in response to ER stress (Fig. 4D
and E and Figs. S4E–4F). Collectively, these data indicate that miR-663a
contributed to ER stress-induced ZTBT7A decline.

Based data showing that ZBTB7A suppresses ER stress-induced

Fig. 1. ZBTB7A inhibited ER stress-induced osteosarcoma cell apoptosis. (A–D) osteosarcoma cell lines U2OS, 143B, MG63 and Saos2 were treated with 1 μM TG at
the indicated times and cell lysates were then subjected to western blotting analysis using the indicated antibodies. (E–H) ZBTB7A was transfected into U2OS cells
and then the cells were treated with 1 μM TG or 3 μM TM at the indicated times. Cell apoptosis and cell viability were measured by western blotting and CCK8 assays.
The data represent mean ± SD values of the three independent experiments. **p < 0.01, ***p < 0.001 vs. control. (I–L) ZBTB7A was knocked down in MG63 cells
and then the cells were treated with 1 μM TG or 3 μM TM at the indicated times. Cell apoptosis and cell viability were measured by western blotting and CCK8 assays.
The data represent mean ± SD values of three independent experiments. ***p < 0.001 vs. control.
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apoptosis, we then aimed to investigate whether miR-663a regulates
osteosarcoma adaptation to ER stress by targeting ZBTB7A. Thus, miR-
663a inhibitor was introduced into U2OS cells with or without ZBTB7A
knockdown and then the cells were treated with 1 μMTG or 3 μMTM.
We found that the downregulation of miR-663a reduced ER stress-

induced apoptosis, which disappeared when ZBTB7A was knocked
down (Fig. 4F and Fig. S4G). Consistent with data drawn from knock-
down studies, ZBTB7A overexpression reversed the effects of miR-663a
on cell apoptosis under ER stress (Fig. 4G and I and Fig. S4H). Taken
together, these results suggest that miR-663a promoted ER stress-

Fig. 2. ZBTB7A promotes tumourigenesis in vivo and is highly expressed in osteosarcoma tissues. (A–F) 143B cells with or without ZBTB7A knockdown were
subcutaneously injected into nude mice (n= 6 in each group) for tumour formation (1×106 cells per mouse, 4 weeks). Representative bright-field imaging was
taken of tumours in the mice implanted with the indicated cells. After 4 weeks, mice receiving transplants of indicated cells were sacrificed. Tumour volumes and
weights were calculated. Caspase-3 activity was measured by a luciferase activity assay. The expression levels of cleaved PARP and ZBTB7A in tumours were
measured via western blotting assay. **p < 0.01, ***p < 0.001 vs. control. (G–H) The expression levels of ZBTB7A in 42 osteosarcoma tissues and 22 normal
tissues were analysed by immunohistochemistry. Data represent the mean ± SD values of three independent experiments. ***p < 0.001 vs. control. (I) The
correlation between ZBTB7A expression and distant metastasis was analysed in 42 patients with osteosarcoma. Data represent the mean ± SD values of three
independent experiments. ***p < 0.001 vs. control.
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induced apoptosis by targeting ZBTB7A in osteosarcoma cells.

3.5. ZBTB7A suppresses LncRNA GAS5 expression under ER stress

Accumulating evidence indicates that long non-coding RNAs play an
important role in tumourigenesis and our previous study has revealed
that ZBTB7A promotes osteosarcoma chemoresistance by suppressing
long non-coding RNA LINC00473 expression [13,21]. Thus, we ex-
amined whether ZBTB7A suppresses ER stress-induced apoptosis by

regulating long non-coding RNAs expression. To this end, we first
analysed long non-coding RNAs expression via RNA sequencing ana-
lysis and found that LncRNA GAS5, an important tumour suppressor, is
significantly enhanced in response to ER stress treatment in U2OS cells
(Fig. 5A and C). To confirm this finding, expression levels of GAS5 were
measured in U2OS and MG63 cells under ER stress. We found that GAS5
expression was augmented with increasing TG or TM treatment in
U2OS cells. However, this increase disappeared in MG63 cells, which is
crosscurrent with ZBTB7A expression (Fig. 5D and G).

Fig. 3. miR-663a inhibited ZBTB7A expression in osteosarcoma cells. (A–C) Sequences of ZBTB7A 3′UTR were constructed into a pSICHECK2 vector and they were
then transfected into U2OS cells. After 1 μM TG or 3 μM TM treatment, the luciferase activities of ZBTB7A 3′UTR were measured. Data represent the mean ± SD
values of three independent experiments. **p < 0.01 and ***p < 0.001 vs. control. (D–E) U2OS cells were treated with 1 μM TG at the indicated times, and the
cells were subjected to miRNA sequencing analysis. The upregulated miRNAs (Fold change> 5) and the predicted miRNAs targeting ZBTB7A from the Targetscan
database are listed. (F) The five miRNAs were respectively transfected into U2OS cells together with ZBTB7A 3′UTR. The luciferase activities of ZBTB7A 3′UTR were
measured. Data represent the mean ± SD values of three independent experiments. ***p < 0.001 vs. control. (G) The potential binding region of miR-663a on
ZBTB7A was predicted by TargetScan. Sequences of ZBTB7A 3′UTR containing the wild type miR-663a binding site (WT) or the mutant (Mut) were constructed into a
pSICHECK2 vector where the red area denotes the mutated region. (H–K) The wild type or mutant ZBTB7A 3′UTR was transfected into U2OS and MG63 cells with or
without miR-663a overexpression. Luciferase activities were measured. Expression levels of ZBTB7A were detected by western blotting. Data represent the
mean ± SD values of three independent experiments. **p < 0.01 vs. control. (L–O) ZBTB7A 3′UTR was transfected into U2OS and MG63 cells with or without miR-
663a inhibition. Luciferase activities were measured. Expression levels of ZBTB7A were detected by western blotting. Data represent the mean ± SD values of three
independent experiments. **p < 0.01 and ***p < 0.001 vs. control. (For interpretation of the references to color in this figure legend, the reader is referred to the
Web version of this article.)
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To further prove the relationship between ZBTB7A and GAS5, we
instantaneously transfected ZBTB7A or the control vector into U2OS
cells and then treated the cells with 1 μMTG or 3 μMTM. Compared to
the control cells, we found that ZBTB7A overexpression suppressed ER
stress-induced GAS5 expression (Fig. 5H and I and Figs. S5A–5B).
Conversely, ZBTB7A knockdown promoted ER stress-induced GAS5
expression in MG63 (Fig. 5J and K and Figs. S5C–5D). Collectively,
these data suggest that ZBTB7A is an essential suppressor of ER stress-
induced GAS5 expression.

3.6. ZBTB7A binds to the promoter of GAS5 in response to ER stress
treatment

To identify potential ZBTB7A-binding regions on the GAS5 pro-
moter, we first cloned the upstream sequence of GAS5 and different
truncations by PCR. We then inserted them into pGL3-based luciferase

reporter plasmids, which were labelled P1-P2 (Fig. 6A). We subse-
quently transfected them into U2OS cells with or without 1 μMTG or
3 μMTM treatment. As is shown in Fig. 6B and C, the luciferase activ-
ities of P1 but not those of P2 were enhanced in U2OS cells under ER
stress treatment, indicating that the region (−1000 to −500 bp) was a
key region for GAS5 expression under ER stress.

To further confirm the effects of ZBTB7A on GAS5 promoter, P1 was
transfected into U2OS cells with or without ZBTB7A overexpression,
and then, the cells were treated with 1 μMTG or 3 μMTM at the in-
dicated times. Fig. 6D and E shows that elevated ZBTB7A eliminated
the increase in luciferase activity of P1 under ER stress. In contrast, the
inhibition of ZBTB7A elevated the luciferase activity of P1 in response
to TG or TM treatment in MG63 cells (Fig. 6F and G). Subsequently
performed chromatin immunoprecipitation (ChIP) assays show that
chromatin fragments corresponding to the putative ZBTB7A-binding
region were specifically present in anti-ZBTB7A immunoprecipitates

Fig. 4. miR-663a contributed to ER stress-induced ZBTB7A downregulation and promoted cell apoptosis. (A) U2OS cells were treated with 1 μM TG or 3 μM TM at the
indicated times and then the expression levels of miR-663a were measured by q-RT-PCR assay. Data represent the mean ± SD values of three independent
experiments. **p < 0.01 and ***p < 0.001 vs. control. (B–C) ZBTB7A 3′UTR was transfected into U2OS cells with or without miR-663a inhibitor and then the cells
were treated with 1 μM TG for the indicated times. Luciferase activities were measured. Expression levels of ZBTB7A were detected by western blotting. Data
represent the mean ± SD values of three independent experiments. **p < 0.01 vs. control. (D–E) ZBTB7A 3′UTR was transfected into MG63 cells with or without
miR-663a overexpression and then the cells were treated with 1 μM TG for the indicated times. Luciferase activities were measured. The expression levels of ZBTB7A
were detected by western blotting. Data represent the mean ± SD values of three independent experiments. **p < 0.01 vs. control. (F) miR-663a inhibitor was
transfected into U2OS cells with or without ZBTB7A knockdown and then the cells were treated with 1 μM TG for the indicated times. Cell apoptosis was detected by
western blotting assay. (G–I) miR-663a was transfected into MG63 cells with or without ZBTB7A overexpression and then the cells were treated with 1 μM TG for the
indicated times. Cell apoptosis was detected by western blotting and by flow cytometer. Data represent the mean ± SD values of three independent experiments.
**p < 0.01 vs. control.
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from MG63 cells in response to ER stress treatment (Fig. 6H and I).
Taken together, these data indicate that ZBTB7A can bind to the pro-
moter of GAS5, leading to its decline in ER stress resistant cells with TG
or TM treatment.

3.7. The miR-663a-ZBTB7A-GAS5 axis plays an important role in
osteosarcoma adaptation to ER stress

To determine the functional significance of the miR-663a-ZBTB7A-
GAS5 pathway to osteosarcoma adaptation to ER stress, we first de-
termined the effect of GAS5 on ER stress-induced apoptosis in osteo-
sarcoma cells and found that the knockdown of GAS5 inhibits ER stress-
induced apoptosis in U2OS cells (Fig. 7A and B and Figs. S6A–4B).
Conversely, the overexpression of GAS5 in MG63 cells promoted cell
apoptosis (Fig. 7C and D and Figs. S6C–4D). We transfected GAS5 into
ZBTB7A overexpressing U2OS cells and found that the effects of
ZBTB7A on cell apoptosis and cell viability were reversed by GAS5
overexpression (Fig. 7E and F). Similarly, GAS5 knockdown eliminated
increases in ZBTB7A depletion-induced cell apoptosis and decreases in
cell viability under ER stress (Fig. 7G and H). These data indicate that
ZBTB7A enhanced osteosarcoma adaptation to ER stress by suppressing
GAS5 expression.

Considering our data showing that miR-663a inhibits ZBTB7A ex-
pression and that the latter functions in ER stress-induced apoptosis in

osteosarcoma cells, we hypothesized that miR-663a serves pro-apop-
totic functions by upregulating GAS5 expression. To prove this finding,
we first transfected miR-663a inhibitor into U2OS cells and treated the
cells with 1 μMTG. Compared to the control cells, we found that in-
hibition of miR-663a eliminated ER stress-induced GAS5 upregulation
(Fig. 7I). Consistently, the elevation of miR-663a in MG63 cells pro-
moted GAS5 expression (Fig. 7J). We then overexpressed GAS5 in U2OS
cells with or without miR-663a inhibition and the cells were treated
with 1 μMTG. We found that the increase in GAS5 recovered cell
apoptosis, which was inhibited by miR-663a inhibitor under ER stress
(Fig. 7K and L). A similar result was obtained for MG63 cells (Fig. 7M
and N).

4. Discussion

In this work we provide evidence showing that ZBTB7A plays a key
role in the survival of osteosarcoma cells undergoing pharmacological
ER stress-induced by TM or TG. ZBTB7A was downregulated upon TM
or TG treatment in osteosarcoma cells that were relatively sensitive to
ER stress, and the exogenous expression of ZBTB7A inhibited ER stress-
induced apoptosis in these cells. Conversely, the knockdown of ZBTB7A
in ER stress resistant osteosarcoma cells rendered the cells susceptible
to elimination by TM or TG. Moreover, our further mechanistic studies
revealed that the upregulation of miR-663a directly bound to the 3′UTR

Fig. 5. ZBTB7A repressed LncRNA GAS5 expression under ER stress. (A–C) U2OS cells were treated with 1 μM TG for the indicated times and then the cells were
subjected to RNA sequencing analysis. The number of altered LncRNAs was determined. (D–G) U2OS and MG63 cells were treated with 1 μM TG or 3 μM TM for the
indicated times. The expression levels of GAS5 were measured by q-RT-PCR. Data represent the mean ± SD values of three independent experiments. **p < 0.01
and ***p < 0.001 vs. control. (H–I) U2OS cells with or without ZBTB7A overexpression were treated with 1 μM TG or 3 μM TM for the indicated times. The
expression levels of GAS5 were measured by q-RT-PCR. Data represent the mean ± SD values of three independent experiments. **p < 0.01 and ***p < 0.001 vs.
control. (J–K) MG63 cells with or without ZBTB7A knockdown were treated with 1 μM TG or 3 μM TM for the indicated times. Expression levels of GAS5 were
measured by q-RT-PCR. Data represent the mean ± SD values of three independent experiments. **p < 0.01 and ***p < 0.001 vs. control.
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of ZBTB7A and contributed to ZBTB7A downregulation under ER stress
in U2OS and 143B cells. Our results also show that the inhibition of ER
stress-induced apoptosis and increased metastasis by ZBTB7A in os-
teosarcoma cells occurs due to the transcriptional suppression of GAS5
expression(Figs. S7A–7C). Thus, our data reveal the prosurvival role of
ZBTB7A in osteosarcoma adaptation to ER stress.

Accumulating evidence shows that ZBTB7A can medicate both cell
survival and death signalling in different types of tumours. The frequent
loss of ZBTB7A has been found in many forms of human carcinoma and
the overexpression of ZBTB7A has been reported to suppress cell
growth and metastasis in lung cancer and melanoma [11,22–24]. In
particular, the tumour suppressive role of ZBTB7A was implicated in a
study showing the loss of ZBTB7A augmented tumourigenesis of mouse
prostate cancer in a Pten-deficient background [25]. However, ZBTB7A
is originally known as a proto-oncoprotein due to its ability to suppress
the transcription of tumour suppressor gene ARF [9]. The over-
expression of ZBTB7A in immature mice of T and B lymphoid lineage
leads to aggressive lymphomas consistent with the proto-oncogenic role
of ZBTB7A in lymphoma [26]. In osteosarcoma, our previous data
suggested that ZBTB7A was increased in cisplatin-resistant cells and
inhibited cisplatin-induced apoptosis. In this study, we found that
ZBTB7A is important for the survival of osteosarcoma cells undergoing

pharmacological ER stress and that downregulation of ZBTB7A in os-
teosarcoma accelerated cell apoptosis under ER stress treatment. In
normal condition, the effect of ZBTB7A on cell apoptosis was dis-
appeared indicating that the role of ZBTB7A in osteosarcoma cell
apoptosis was relied on the ER stress. After that, we also found that
ZBTB7A was elevated in osteosarcoma tissues and associated with the
tumour metastasis.

Previous studies indicated that some microRNAs involved in reg-
ulating ZBTB7A expression such as miR-100 suppressed tumour growth
and metastasis by targeting ZBTB7A. Similarly, our data also showed
that miR-663a induced by ER stress directly bound to the 3′UTR of
ZBTB7A and led to ZBTB7A downregulation in ER stress sensitive os-
teosarcoma cells under TG or TM treatment. Previous studies have in-
dicated that miR-663a plays roles in many crucial biological functions
such as those of cell proliferation, differentiation, and apoptosis in
several types of tumours. miR-663a is highly expressed and promotes
cancer progression in lung, ovarian, breast, nasopharyngeal and gall-
bladder cancer [27–30]. However, miR-663a has also been reported to
exhibit tumour suppressor properties in glioblastoma, pancreatic
cancer, and gastric cancer [31–33]. A recent study showed that ER
stress-induced upregulates miR-663a and directly inhibits PLOD3 ex-
pression [34]. Similarly, our data showed that miR-663a directly

Fig. 6. ZBTB7A bound to the promoter of GAS5. (A) Schematic illustration of pGL3-based reported constructs were used in luciferase assays to examine the
transcriptional activity of GAS5. (B–C) Parts of the promoter of GAS5, named P1 and P2, were individually transfected into U2OS cells with or without 1 μM TG or
3 μM TM treatment. Luciferase activity was measured. Data represent the mean ± SD values of three independent experiments. ***p < 0.001 vs. control. (D–E) The
promoter of GAS5, named P1, was transfected into U2OS cells with or without ZBTB7A overexpression and then the cells were treated with 1 μM TG or 3 μM TM for
the indicated times. Luciferase activity was measured. Data represent the mean ± SD values of three independent experiments. ***p < 0.001 vs. control. (F–G) The
promoter of GAS5, named P1, was transfected into MG63 cells with or without ZBTB7A knockdown and then the cells were treated with 1 μM TG or 3 μM TM for the
indicated times. Luciferase activity was measured. Data represent the mean ± SD values of three independent experiments. ***p < 0.001 vs. control. (H–I) ChIP
analysis showing the binding of ZBTB7A to the promoter of GAS5 in MG63 cells under 1 μM TG or 3 μM TM treatment. An isotype-matched IgG was used as a negative
control.

L. Zhang, et al. Cancer Letters 448 (2019) 105–116

113



suppressed ZBTB7A expression and facilitated ER stress-induced apop-
tosis in osteosarcoma cells. However, the molecular mechanism of miR-
663a upregulation in response to ER stress should be studied in the
future.

How does ZBTB7A promote osteosarcoma cell survival under
pharmacological ER stress? Our data showed that ZBTB7A bound to the

promoter of GAS5 in response to ER stress treatment and protected cells
from ER stress-induced apoptosis. GAS5 is a transcript of the growth
arrest-specific 5 (GAS5) gene that was first isolated in 1988 in search of
novel tumour suppressors by the subtractive cDNA cloning of genes
which are preferentially expressed in growth-arrested cells. Many stu-
dies have indicated that GAS5 is dysregulated in multiple cancers and is

(caption on next page)
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an important tumour suppressor [35–37]. We consistently showed that
GAS5 was enhanced under ER stress and that elevated GAS5 promoted
cell apoptosis. Previous reports have shown that GAS5 could act as a
competing endogenous RNA for some microRNAs and regulated the
downstream pathway of these micrRNAs including miR-221, miR-26a
and miR-21 [38–40]. Therefore, we will uncover how GAS5 promoted
ER stress-induced apoptosis in the future work.

In summary, our data suggest that ZBTB7A plays a prosurvival role
in osteosarcoma adaptation to ER stress and that the miR-663a-
ZBTB7A-LncRNAGAS5 pathway is essential to the survival of human
osteosarcoma cells under ER stress.
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