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Abstract: MicroRNAs (miRNAs) are small regulatory non-coding RNAs that have been reported to play an important
role in a variety of cellular functions. Recent studies indicated that some miRNAs are involved in regulating endo-
plasmic reticulum (ER) stress adaptation. However, the miRNAs were still unknown in osteosarcoma. In this study,
we demonstrated that miR-1281 induced by ER stress promoted cell apoptosis and decreased ER stress adaptation
of osteosarcoma in vitro and in vivo. Further mechanistic studies revealed that p53, an important tumor suppressor,
directly bound to the promoter of miR-1281, leading to its increase under ER stress. Additionally, our data suggest
that USP39 was the target of miR-1281 and participated in ER stress-induced cell apoptosis. Thus, our findings sug-
gest a new role for miR-1281 in osteosarcoma and suggest that the p53-dependent, miR-1281-mediated USP39
pathway inhibits the survival of human osteosarcoma cells under ER stress.
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Introduction

Osteosarcoma (0S) is the most common type
of primary bone cancer in childhood and ado-
lescence, and it mainly derives from primitive
bone-forming mesenchymal cells [1, 2]. Use of
surgery along with chemotherapy has improved
the overall 5-year survival rate of osteosarco-
ma patients to some extent [3]. However, che-
moresistance is still an obstacle for osteosar-
coma treatment. Accumulating evidence indi-
cates that osteosarcoma cells activate the ER
stress pathway to regulate cell death with drug
treatment and that adaptation to ER stress
enhances tumor chemoresistance, leading to
tumor recrudescence [4-7]. Thus, understand-
ing the molecular mechanisms of the adapta-
tion to ER stress is essential for osteosarcoma
treatment.

The ER is an essential organelle that is critical
for the biological processes required for cell
survival and death. Many intra- and extracellu-
lar stimuli result in an imbalance of ER func-

tions, causing the accumulation of unfolded or
misfolded proteins and protein aggregates that
are detrimental to cell survival, which has been
termed ER stress [8]. Eukaryotic cells have
evolved an adaptive response to ER stress, co-
mmonly termed the unfolded protein response
(UPR), including: 1) general protein translation
attenuation, 2) upregulation of ER resident
chaperones and 3) activation of a degradative
pathway (ER-associated degradation-ERAD) to
eliminate unfolded proteins by proteasomal
degradation. Recently, many microRNAs were
indicated to be involved in ER stress, such as
miR-346, which inhibited ER stress-induced
apoptosis via activating mitophagy [9]; miR-
149* enhanced melanoma adaptation to ER
stress by suppressing GSK3[ expression [10];
miR-765, a HOXB9-responsive miRNA, promot-
ed melanoma adaptation via targeting FOXA2
[11]. Although many miRNAs were reported to
take part in regulating ER stress adaptation in
many types of cancer, their role was still unclear
in osteosarcoma.
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In this study, we found that miR-1281 induced
by ER stress facilitated osteosarcoma cell
apoptosis in vitro and in vivo. Further mecha-
nistic studies revealed that p53, an important
tumor suppressor, directly bound to the pro-
moter of miR-1281, leading to its increase
under ER stress. Additionally, we also found
that USP39 was the target of miR-1281 and
participated in ER stress-induced cell apopto-
sis. Thus, our findings shed a new light on the
role of miR-1281 in osteosarcoma and suggest
that the p53-dependent, miR-1281-mediated
USP39 pathway impairs the survival of human
osteosarcoma cells under ER stress.

Material and method
Cell culture and reagents

U20S cells were maintained in Dulbecco’s
modified Eagle medium. MG63 cells were cul-
tured in Eagle’s Minimum Essential Medium
(EMEM). Saos-2 cells were cultured in McCoy’s-
5A Medium. These medium were supplement-
ed with 10% fetal bovine serum (FBS) (ExCell
Bio, Lot: FSP500), 2 mM L-glutamine, penicillin
(100 U/ml), streptomycin (100 ug/ml) and 0.1%
Savelt™ (Hanbio Co. LTD 1:1000) in a humidi-
fied atmosphere of 5% CO, maintained at 37°C.
The following 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), p53 (Santa Cruz Biotech-
nology, SC-126, 1:10 for ChIP, 1:1000 for WB),
and USP39 (Proteintech, 23865-1-AP, 1:500).

RNA interference

RNA interference was performed as previously
described [12, 13]. The targeting sequences of
p53 and USP39 were as follows: p53 No. 1:
CGGCGCACAGAGGAAGAGAA; No. 2: GTCCAG-
ATGAAGCTCCCAGAA. USP39: No. 1 GCCCGT-
ACTTGGATACCATTA; No. 2: GCCTTATTTGAAT-
TGCTGCAA.

Introduction of microRNA mimics and inhibi-
tors

Mimics and inhibitors of miRNA-1281 were syn-
thesized by the GenePharma Company (Sh-
anghai, People’s Republic of China). For each
transfection in a six-well plate, 100 nM miRNA
mimics, scramble or inhibitor were used. The
transfection of osteosarcoma cells by Oligofe-
ctamine (Invitrogen) was performed according
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to the manufacturer’s instructions. The lentivi-
rus expressing miR-1281 was purchased from
GenePharma Company. The cells stably ex-
pressing miR-1281 were obtained as previous
described [14, 15].

Cell viability assay

Osteosarcoma cells were plated in 96-well
plates at a density of 800 cells in 200 ul of
medium per well 24 hours before the experi-
ment. Following treatments as indicated, the
cell viability was determined using a CCK8 kit
(Cell Counting Kit-8).

ChIP assay

The ChIP assay was performed as previously
described [6].

MiRNA sequencing analysis

U20S cells were treated with 1 yM TG for indi-
cated times. Total RNA was isolated using Trizol
reagent (Invitrogen, Carlsbad, CA, USA). Small
RNA sequencing was performed by KangChen
Bio-tech using the lllumina Small RNA Sequ-
encing Platform. The TruSeq small RNA library
preparation kit (lllumina, San Diego, CA, USA)
was used for library preparation. Sequencing
was performed using an lllumina HiSeq 2000
sequencing system, and 10 Mb of clean reads
were analyzed using routine algorithms
(KangChen Bio-tech, Inc., Shanghai, China).

Quantitative real-time polymerase chain reac-
tion assay (q-RT-PCR)

Total RNA was isolated using TRIzol (Invitrogen).
One microgram of total RNA was used to syn-
thesize cDNA using the PrimeScript™ RT
reagent kit (Takara, RRO47A) according to the
manufacturer’s instructions. Pri-miR-1281 lev-
els were normalized to those of [B-actin and
miR-1281 levels were normalized to UG.
Changes in gene expression were determined
using the 222" method. The primers for mature
miR-1281 and pri-miR-1281 were purchased
from Takara. The primers for B-actin as followed
UP: 5-CACCTTCTACAATGAGCTGCGTGTG-3, DN:
5-ATAGCACAGCCTGGATAGCAACGTAC-3.

Promoter reporters and dual-luciferase assay
After transfection into the osteosarcoma cells,

luciferase activity was measured in a 1.5 ml
Eppendorf tube with the Promega Dual-Luci-
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Figure 1. ER stress triggered miR-1281 upregulation in osteosarcoma cells. A, B. U20S cells were treated with 1 yM
TG at indicated times, and the cells were subjected to miRNA sequencing analysis. C. The miR-1281 expression level
was obtained from RNA sequencing analysis. D-G. U20S cells were treated with 1 uM TG as indicated. miR-1281
RNA levels were analyzed using g-RT-PCR. GRP78 was used as the ER stress marker. The data represent the means
+ SD of three independent experiments; **P < 0.01, ***P < 0.001 vs. control. H-K. U20S cells were treated with
3 UM TM as indicated. The expression levels of miR-1281 were measured using g-RT-PCR. The data represent the
means * SD of three independent experiments; **P < 0.01, ***P < 0.001 vs. control.

ferases Reporter Assay kit (Promega E1980)
according to the manufacturer's protocols.
Relative Renilla luciferase activity was normal-
ized to firefly luciferase activity. The assay was
performed as previously described [16-18].

Statistics and data analyses

Data are expressed as the mean + SD, and sta-
tistical evaluation was performed using one-
way analysis of variance (ANOVA). Values of P <
0.05 were considered statistically significant.

Results

ER stress induces increased miR-1281 expres-
sion in osteosarcoma

To investigate ER stress-altered miRNA expres-

sion, the osteosarcoma cell line U20S was
treated with thapsigargin (TG), which is a non-
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competitive inhibitor of the sarco/endoplasmic
reticulum Ca2* ATPase and was used to induce
ER stress. Then, the cells were processed for
miRNA sequencing analysis. Among the chang-
es in miRNAs triggered by thapsigargin, a dra-
matic increase in miR-10400-5p, miR-7704,
miR-200a-5p, miR-1281, miR-302-5p, miR-
12128, miR-9718 were observed (Figure 1A-C
and Table S1). In these increased miRNAs, we
found that miR-1281 was also increased in p53
overexpressed Saos?2 cells (Table S2). Thus, we
chose miR-1281 as the potential candidate.
Subsequently, the elevation of miR-1281 was
confirmed in U20S cells after thapsigargin
treatment with different doses and times
(Figure 1D and 1F). GRP78 was used as the ER
stress marker (Figure 1E and 1G). To further
determine whether the increase of miR-1281
was dependent on ER stress, U20S cells were
treated with tunicamycin (TM), another ER
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Figure 2. p53 upregulated miR-1281 expression under ER stress. A. U20S, MG63 and Saos-2 cells were treated
with 1 yM TG at indicated times. The expression levels of miR-1281 were measured using g-RT-PCR. The data
represent the means + SD of three independent experiments; ***P < 0.001 vs. control. B, C. p53 was knocked
down in U20S cells using pLKO.1 expressing vector. The cells were then treated with 1 uM TG at indicated times.
MiR-1281 expression levels were measured using g-RT-PCR. The protein levels of p53 and GRP78 were analyzed
using western blotting assay. GAPDH was used as the loading control. The data represent the means + SD of three
independent experiments; ***P < 0.001 vs. control. D, E. p53 was overexpressed in Saos-2 cells using the pCDH
expressing vector. The cells were then treated with 1 yM TG at indicated times. MiR-1281 expression levels were
measured using g-RT-PCR. The protein levels of p53 and GRP78 were analyzed using western blotting assay. GAPDH
was used as the loading control. The data represent the means + SD of three independent experiments; ***P <
0.001 vs. control. F. The expression levels of pri-miR-1281 were measured using g-RT-PCR in U20S cells with or
without p53 knockdown after 1 uM TG treatment. The data represent the means + SD of three independent experi-
ments; ***P < 0.001 vs. control. G. Wild type p53 or a p53 mutant lacking the transactivation domain (p53ATA)
were transfected into Saos-2 cells, and the cells were treated with 1 uM TG as indicated. The expression level of pri-
miR-1281 was measured using g-RT-PCR. The data represent the means + SD of three independent experiments;
**%*P < 0.001 vs. control.

stress inducer that induces ER stress by inhibi- 1281 in other osteosarcoma cell lines, MG63
tion of glycosylation. Of note, miR-1281 expres- (p53 mutation) and Saos-2 (p53 null), under ER
sion was augmented with increasing times and stress treatment. Interestingly, we found that
doses of tunicamycin treatment (Figure 1H-K). the upregulation of miR-1281 in U20S cells dis-

appeared in MG63 and Saos-2 cells, implying
p53 transcriptionally upregulates miR-1281 that WT p53 may contribute to miR-1281
expression under ER stress expression increase under ER stress (Figure

2A). To further confirm this, we first knocked
Based on the increase of miR-1281 in U20S down endogenous p53 using two independent
(p53 wild type) under ER stress, we then shRNAs in U20S cells. As shown in Figure 2B
focused on examination the expression of miR- and 2C, inhibition of p53 significantly impaired
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Figure 3. p53 bound to the promoter of miR-1281 under ER stress. A. Schematic illustration of pGL3-based reported
constructs that were used in luciferase assays to examine the transcriptional activity of miR-1281. B. The promot-
ers of miR-1281, named P1, P2, P3, and P4, were individually transfected into U20S cells with or without TG treat-
ment. The luciferase activity was measured. The data represent the means + SD of three independent experiments;
***P < (0.001 vs. control. C. P1 was transfected into U20S cells with or without p53 knockdown, and the cells were
treated with 1 yM TG as indicated. The luciferase activity was measured. The data represent the means + SD of
three independent experiments; ***P < 0.001 vs. control. D. The potential p53-binding sites were inspected by
JASPAR. A schematic illustration of p53 wild type binding site (WT) and the matching mutant (Mut) that were used in
the luciferase assays is shown. E. p53 wild type binding site (BS) and the matching mutant (BSM) were individually
transfected into U20S cells with or without TG treatment. The luciferase activity was measured. The data represent
the means * SD of three independent experiments; ***P < 0.001 vs. control. F. ChIP analysis showed the binding
of p53 to the promoter of miR-1281 in U20S cells in response to 1 uM TG treatment. An isotype-matched IgG was
used as a negative control.

miR-1281 elevation in response to ER stress
treatment. In contrast, overexpression of p53
in Saos-2 cells enhanced miR-1281 expression
under ER stress (Figure 2D, 2E).

There is evidence that p53 regulates miRNA
expression by both transcription-dependent
and -independent means [19]. Next, we sought
to determine whether p53 regulates miR-1281
expression at the transcriptional or post-tran-
scriptional level. Expression of pri-miR-1281
was measured using g-RT-PCR analysis in
U20S cells with or without p53 knockdown in
response to ER stress treatment. Interestingly,
treatment with thapsigargin notably increased
the levels of pri-miR-1281, and the increase
was abolished when p53 was knocked down
(Figure 2F). After that, we overexpressed wild
type p53 or a p53 mutant lacking the transacti-
vation domain (p53ATA) into Saos-2 cells and
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then treated them with thapsigargin as indicat-
ed. The expression level of pri-miR-1281 was
measured using g-RT-PCR. As shown in Figure
2G, wild type p53 not the p53 mutant enhanced
pri-miR-1281 expression under ER stress.
Collectively, these data suggest that p53 tran-
scriptionally up-regulates miR-1281 expression
in response to ER stress treatment.

p53 directly binds to the promoter of miR-
1281

To identify the potential p53-binding regions on
the miR-1281 promoter, we first cloned the
upstream sequence of miR-1281 and different
truncations by PCR. Then, we inserted them
into pGL3-based luciferase reporter plasmids,
which were named P1-P4 (Figure 3A). We sub-
sequently transfected them into U20S cells
with or without 1 uM TG treatment. As shown in

Am J Cancer Res 2018;8(9):1764-1774
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Figure 4. Elevated miR-1281 enhanced ER stress-induced apoptosis. A-C. miR-1281 inhibitor or the negative control
was introduced into U20S cells, and the cells were then treated with 1 yM TG at indicated times. Cell apoptosis was
detected using western blotting assay. Cell viability was measured using CCK8 assay. The expression levels of miR-
1281 were analyzed using g-RT-PCR. The data represent the means + SD of three independent experiments; ***P
< 0.001 vs. control. D-F. miR-1281 or the negative control was introduced into U20S cells, and the cells were then
treated with 1 uM TG at indicated times. Cell apoptosis was detected using western blotting assay. Cell viability was
measured using CCK8 assay. The expression levels of miR-1281 was analyzed using g-RT-PCR. The data represent
the means + SD of three independent experiments; **P < 0.01 vs. control. G-l. miR-1281 was stably expressed in
U20S cells, and the cells then were subcutaneously injected into nude mice (n = 5 in each group) for tumor forma-
tion (2x107 cells per mouse, 6 weeks). Representative bright-field imaging of the tumors in the mice implanted with
the indicated cells are shown. After 6 weeks, mice receiving transplants of indicated cells were sacrificed. The tumor
weight was calculated. Caspase-3 activity was measured by a luciferase activity assay; **P < 0.01, ***P < 0.001
vs. control. J, K. miR-1281 was introduced into U20S cells with or without p53 knockdown, and then the cells were
treated with 1 uM TG at indicated times. Cell apoptosis was detected using western blotting assay. Cell viability was
measured using CCK8 assay. The data represent the means + SD of three independent experiments; **P < 0.01
vs. control.

Figure 3B, the luciferase activities of P1, but
not P2, P3 and P4, were increased in U20S
cells under ER stress treatment, indicating that
the region (2000 to -15000 bp) was a key
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region for the promotion of miR-1281 by p53
under ER stress. To further confirm this, P1 was
transfected into U20S cells with or without p53
knockdown, and then the cells were treated

Am J Cancer Res 2018;8(9):1764-1774
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with 1 uM TG at indicated times. As shown in
Figure 3C, we found that the loss of p53 abol-
ished the increase of the luciferase activity of
P1 under ER stress.

To seek the potential p53-binding sites, we
inspected the sequence of P1 using JASPAR
software and found one putative p53-binding
site on the miR-1281 promoter. To verify that
the potential p53-binding site was indeed
responsive to p53, a series of pGL3-based
luciferase reporter plasmids named wild type
binding site (BS) and binding site mutant (BSM)
were generated (Figure 3D). The two plasmids
were individually transfected into U20S cells
with or without 1 yM TG treatment. We found
that the luciferase activity of BS, but not BSM,
was significantly increase in p53WT U20S cells
under ER stress treatment. However, the
increase disappeared when p53 was knocked
down (Figure 3E). In addition, the subsequent
chromatin immunoprecipitation (ChIP) assays
showed that the chromatin fragments corre-
sponding to the putative p53-binding sites were
specifically present in anti-p53 immunoprecipi-
tates from U20S cells, and the binding was
increased under ER stress (Figure 3F). Taken
together, these data indicate that p53 can
directly bind to the promoter of miR-1281, lead-
ing to its increase in response to ER stress
treatment.

miR-1281 enhances ER stress-induced apop-
tosis

To investigate the biologic role of miR-1281 in
osteosarcoma cells, we applied anti-miR-1281,
a synthesized inhibitor oligo, to decrease the
endogenous miR-1281 expression and obse-
rved that inhibition of miR-1281 in U20S cells
strongly suppressed cell apoptosis, as indicat-
ed by the decrease in cleaved PARP and the
increase in cell viability (Figure 4A-C). Con-
versely, miR-1281 overexpression accelerated
cell apoptosis (Figure 4D-F).

To further identify the effects of miR-1281 on
ER stress-induced apoptosis in vivo, we stably
overexpressed miR-1281 in U20S cells, and
then, the cells were subcutaneously injected
into nude mice. Compared with control cells,
the overexpression of miR-1281 decreased
tumor growth and increased cell apoptosis
(Figure 4G-I).
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Considering our data showing that p53 pro-
motes miR-1281 expression and that the latter
functions in thapsigargin-induced apoptosis in
U20S cells, we hypothesized that p53 exerted
its pro-apoptotic function through upregulating
miR-1281 upon thapsigargin exposure. Acco-
rdingly, we overexpressed miR-1281 in p53
stable knockdown U20S cells, with which we
carried out immunoblotting and cell viability
experiments. Compared to the control, p53
knockdown significantly decreased cell apopto-
sis; however, the decrease was reversed by
miR-1281 overexpression (Figure 4J, 4K).
Taken together, these data indicate that miR-
1281 is an important regulator in ER stress-
induced apoptosis, and the effect of p53 on ER
stress-induced apoptosis is dependent on
miR-1281.

miR-1281 inhibits USP39 expression in osteo-
sarcoma

Having identified p53 as the upstream tran-
scriptional factor of miR-1281 in osteosarcoma
under ER stress, we next sought to investigate
downstream targets of miR-1281. In our study,
we found that ER stress induced USP39 down-
regulation in U20S cells, and the downregula-
tion did not occur in MG63 and Saos-2 cells,
while it was negatively associated with miR-
1281 expression in U20S cells (Figure 5A).
Thus, we hypothesized that USP39 was a
potential target of miR-1281. To test this
hypothesis, we first searched the TargetScan
database for potential targets of miR-1281.
Among the candidates identified, the 3’'UTR of
USP39 contains a putative region (nucleotides
56-62) that matched perfectly to the miR-1281
“seed” region (Figure 5B). To examine whether
USP39 was indeed downregulated by miR-
1281, we introduced luciferase reporter plas-
mids containing the wild type 3’UTR (WT) or the
matched mutant (MUT) of USP39 into U20S
cells, and then the cells were treated with or
without the miR-1281 mimics. We found that
overexpression of miR-1281 markedly sup-
pressed the report activity of wild type 3’'UTR of
USP39, but not the mutant, and led to a
decrease in endogenous USP39 (Figure 5C,
5D). Furthermore, treatment with the miR-1281
inhibitor resulted in the report activity of wild
type 3’UTR elevation and USP39 expression
increase (Figure 5E, 5F). Subsequently, we also
found that miR-1281 inhibitor reversed the

Am J Cancer Res 2018;8(9):1764-1774
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Figure 5. miR-1281 suppressed USP39 expression under ER stress. A. U20S, MG63 and Saos-2 cells were treated
with 1 uM TG at indicated times. The expression levels of USP39 were detected using western blotting assay. B. The
potential binding region of miR-1281 on USP39 was predicted by TargetScan. The sequences of the USP39 3'UTR
containing the wild type miR-1281-binding site (WT) or the mutant (MUT) were constructed in a pSICHECK2 vector,
where the red indicates the mutated region. C, D. The wild type of the USP39 3'UTR (WT) or the mutant (MUT) was
transfected into U20S cells with or without miR-1281 overexpression. The luciferase activities were measured.
The protein levels of USP39 were measured using western blotting assay. Data represent the mean + SD of three
independent experiments; **P < 0.01 vs. control. E, F. The wild type of the USP39 3’UTR (WT) or the mutant (MUT)
was transfected into U20S cells with or without miR-1281 inhibitors. The luciferase activities were measured. The
protein levels of USP39 were measured using western blotting assay. Data represent the mean + SD of three in-
dependent experiments. ***P < 0.001 vs. control. G. miR-1281 inhibitor or the negative control was introduced
into U20S cells, and then the cells were treated with 1 uM TG at indicated times. The protein levels of USP39 were
detected using western blotting assay. H. miR-1281 or the negative control was transfected into Saos-2 cells, and
the cells then treated with 1 uM TG at indicated times. The protein levels of USP39 were detected using western
blotting assay.

downregulation of USP39 induced by ER stress and found that USP39 knockdown recovered

(Figure 5G). In contrast, overexpression of miR-
1281 promoted USP39 downregulation in
Saos-2 cells under ER stress (Figure 5H). Thus,
these data indicate that USP39 is a putative
target of miR-1281.

The p53-miR-1281-USP39 signaling pathway
enhances ER stress-induced apoptosis

To determine the functional significance of the
p53-miR-1281-USP39 pathway on the adapta-
tion to ER stress in osteosarcoma, we first
assessed the effect of USP39 on miR-1281-in-
duced cell apoptosis in response to ER stress

1771

ER stress-induced apoptosis, which was de-
creased by the miR-1281 inhibitor (Figure 6A,
6B). After that, we investigated the association
between p53 and USP39. We found that inhibi-
tion of p53 upregulated USP39 expression and
abolished ER stress-induced downregulation of
USP39. Additional, USP39 knockdown recov-
ered ER stress-induced cell apoptosis, which
was abolished by p53 knockdown (Figure 6C,
6D). Thus, our data suggest that USP39 is
an important downstream regulator in the
p53-dependent, miR-1281-mediated survival
of osteosarcoma under ER stress.
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Figure 6. p53 enhanced cell apoptosis via regulating the miR-1281-USP39
axis. A, B. miR-1281 inhibitor or the negative control was transfected into
U20S cells with or without USP39 knockdown, and the cells were treated with
1 uM TG at indicated times. Cell apoptosis was measured using western blot-
ting assay. The expression levels of miR-1281 were analyzed using g-RT-PCR.
C. U20S cells with or without p53 knockdown were treated with 1 yM TG at
indicated times. Cell lysates were analyzed using the indicated antibodies.
D. USP39 was knocked down in U20S cells with or without p53 knockdown,
and the cells were treated with 1 yM TG at indicated times. Cell lysates were

First, ER stress dramatically
triggered miR-1281 upregu-
lation and an accompanying
increase in cell apoptosis.
Second, miR-1281 ablation
markedly inhibited ER stress-
induced apoptosis. Further-
more, overexpression of miR-
1281 promoted cell apopto-
sis. Third, a miR-1281 inhibi-
tor significantly decreased
tumor growth and increased
cell apoptosis in vivo.

Interestingly, we found that
upregulation of miR-1281
under ER stress only occu-
rred in p53 WT, not p53
mutant or null, osteosarco-
ma cells, indicating that p53
may facilitate the increase of
miR-1281. Accumulated evi-
dence has revealed that p53

analyzed using the indicated antibodies.

Discussion

It is becoming clear that miRNAs are essential
for the ER stress process and affect ER stress-
induced apoptosis. However, their roles in
osteosarcoma are largely unknown. In this
study, we found that miR-1281 was induced in
response to ER stress treatment and promoted
cell apoptosis by targeting USP39 in osteosar-
coma cells. Subsequently, our data revealed
that p53 directly bound to the promoter of miR-
1281 and contributed to miR-1281 upregula-
tion under ER stress. Thus, our finding suggests
that the p53-miR-1281-USP39 axis is a novel
ER stress responsive pathway and plays an
important role in osteosarcoma adaptation to
ER stress.

Previous studies indicated that miR-1281 was
decreased in bladder cancer [20, 21], and miR-
1281 was shown to suppress platelet-derived
growth factor-induced proliferation and migra-
tion of pulmonary artery smooth muscle cells
by targeting HDAC4, an important oncogene,
implying that miR-1281 may be a potential
tumor suppressor [22-25]. Here, our data pro-
vided a series of evidence supporting a tumor
suppressive role of miR-1281 in osteosarcoma.
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regulates miRNA expression
by both transcription-depen-
dent and -independent me-
ans. Here, we found that p53 could directly
bind to the promoter of miR-1281, leading
to miR-1281 upregulation in a transcription-
dependent manner. Furthermore, we found
that p53 expression was inconsistent with the
increase of miR-1281 under TG treatment. The
protein levels of p53 were upregulated after TM
treatment for 36 h or TG treatment for 24 h.
However, the increase was abolished when
U20S cells were treated with TG for 36 h. In
order to assess whether the transcription activ-
ity of p53 was increased after TG treatment for
36 h, we used p21 as a positive control.
Amazingly, we found that the activity of p21
promoter was increased, indicating that the
transcription activity of p53 was elevated under
TG treatment (Eigure S1A-E). However, the
molecular mechanism was still illuminated in
our future work.

USP39 is a deubiquitinating enzyme and has
been reported to promote tumor growth [26,
27]. A recent study indicated that USP39 plays
an important role in osteosarcoma, and USP39
knockdown inhibited cell growth and enhanced
cell apoptosis [28]. In our study, we found that
ER stress induced USP39 downregulation in
U20S cells following miR-1281 increase. Our

Am J Cancer Res 2018;8(9):1764-1774
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data further indicated that miR-1281 inhibited
USP39 expression, resulting in cell apoptosis
under ER stress. However, the downstream
pathway regulated by USP39 will need to be illu-
minated by further study.

In summary, our findings shed light on a new
role of miR-1281 in osteosarcoma and suggest-
ed that the p53-dependent, miR-1281-mediat-
ed USP39 pathway impairs the survival of
human osteosarcoma cells under ER stress.
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Table S1. List of the upreguated miRNAs under
TG treatment (Fold_Change > 10)

miRNA name Fold_Change

Has-miR-10400-5p 107.437732060573
hsa-miR-7704 60.1751113799725
hsa-miR-200a-5p 23.4518009754037
hsa-miR-1281 14.2868865115169
hsa-miR-302b-5p 11.5604091723554
hsa-miR-12128 10.1631732622270
hsa-miR-9718 10.0801168318166

Table S2. List of the upregulated miRNAs in p53
overexpressed Saos2 cells (Fold_Change > 3)

miRNA name Fold_Change
hsa-miR-34a 6.70
hsa-miR-1915 6.52
hsa-miR-1281 6.20
hsa-miR-3195 5.73
miR-149-3p 4.63
hsa-miR-940 4.27
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Figure S1. A-D. U20S cells were treated with 3 uM TM or 1 uM TG at indicated times. The protein levels of p53 were
analysed by western blotting assay. E. p21 promoter was transfected into U20S cells and then the cells were treated
with 1 uM TG at indicated times. The luciferase activity was measured. The data represent the means + SD of three
independent experiments; ***P < 0.001 vs. control.



