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miR-375 targeting autophagy-related 2B (ATG2B) suppresses autophagy and 
tumorigenesis in cisplatin-resistant osteosarcoma cells 
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Acquisition of drug resistance is an enormous obstacle for osteosarcoma (OS) treatment. Copious microRNAs (miRNAs) 
have been reported to participate in chemoresistance. However, the role and molecular basis of miR-375 in cisplatin (Cis/
DDP) sensitivity in OS remain unclear. Expression of miR-375 and autophagy-related 2B (ATG2B) in OS was examined by 
reverse-transcription qPCR (RT-qPCR) and western blot assay. The value of 50% growth inhibitory concentration (IC50) for 
DDP was determined by Cell Counting Kit (CCK)-8 assay. Cell autophagy was measured with cell proliferation, apoptotic 
rate, acridine orange-positive cells, and LC3-II/LC3-I ratio determined by MTT assay, flow cytometry, and western blot 
assay. The candidate target of miR-375 was predicted using TargetScan and was further validated by luciferase reporter and 
western blot analyses. Mice xenograft model was established to further investigate the tumorigenesis of U2OS/DDP in vivo. 
In the study, miR-375 was downregulated in DDP-resistant OS tissues and cell lines U2OS and MG63. Elevated miR-375 or 
reduced ATG2B decreased cell proliferation, acridine orange-positive cells and LC3-II/LC3-I ratio, and increased apoptosis 
rate in U2OS/DDP and MG63/DDP cells, as accompanied with lower IC50 value for DDP. ATG2B was identified to be a 
target of miR-375. Re-expression of ATG2B abolished miR-375-mediated effects on cell autophagy. Moreover, the reintro-
duction of miR-375 slowed down tumor growth of U2OD/DDP cells in vivo. In conclusion, miR-375 suppressed cells 
autophagy and tumor growth in DDP-resistant U2OS/DDP and MG63/DDP cells by targeting ATG2B, providing a potential 
target for the treatment of DDP-resistant OS.
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Osteosarcoma (OS) is the most common primary malig-
nant bone tumor and derives from primitive bone-forming 
mesenchymal cells, mainly occurring in children and adoles-
cents [1]. The high incidence of OS during the adolescence 
growth spurt implies the possible correlation between this 
disease and bone development [2]. Those patients who 
only suffer from surgery and/or radiotherapy exhibit poor 
outcomes [3]. In recent years, the introduction of multiple 
anti-cancer drugs, including cisplatin (Cis/DDP), doxoru-
bicin, and methotrexate dramatically prolongs the five-
year relative survival rate of OS patients to almost 70% [4]. 
However, the frequent acquisition of drug-resistant pheno-
types has become the primary cause of a chemotherapy 
failure [5]. Thus, it is imperative to understand the molec-
ular mechanisms underlying DDP resistance of OS and to 
develop novel strategies for this disease therapy.

Autophagy is a highly conserved self-catabolic degrada-
tion process, which should be responsible for the degrada-
tion of intracellular components, including proteins and 

damaged organelles [6, 7]. Reliable evidence has demon-
strated that autophagy is essential for cell growth and survival 
by inducing energy production under cellular stresses 
conditions like hypoxia and chemotherapy [8]. Inhibition 
of autophagy promotes DDP-induced cell apoptosis and 
enhances the chemosensitivity of multiple human cancer 
cells to DDP, including OS [9–12].

MicroRNAs (miRNAs) are a class of small non-protein 
coding RNAs not longer than 18–23 nucleotides that gener-
ally modulate gene expression at the post-transcriptional 
level by binding to the 3’ untranslated regions (3’UTR) of 
their target gene [13]. miRNAs can serve as tumor suppres-
sors or oncogenes in several types of cancers by targeting 
genes implicated in cell proliferation, differentiation, 
survival, apoptosis, and metastasis [14, 15]. In addition, 
mounting miRNAs have been shown to link to the chemo-
therapy resistance of OS to DDP [16, 17]. miR-375 is initially 
identified as a pancreatic islet-specific miRNA that mainly 
regulates insulin secretion [18]. Following miRNA expres-
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sion profiling studies disclosed that miR-375 is frequently 
downregulated in a variety of human cancers, including 
gastric cancer [19], squamous cervical cancer [20], esoph-
agus cancer [21], and glioma [22]. Moreover, the regulation 
of miR-375 in tumor sensitivity to chemotherapeutic agents 
has been also elucidated [23, 24]. Previous studies have 
revealed the anti-tumor activity of miR-375 in OS, however, 
the exact roles and molecular mechanisms of miR-375 in 
DDP resistance require to be further investigated.

In the present study, we performed a series of experiments 
to explore the role of miR-375 in DDP resistance in OS, as 
well as its underlying mechanism.

Patients and methods

Osteosarcoma tissue samples and cell lines. Fresh OS 
tissues were collected from 70 cases of OS patients who under-
went surgical resection at the Second People’s Hospital of 
Wuhu between March 2015 and November 2017 and affirmed 
by histopathological diagnosis. All patients were treated 
preoperatively with cisplatin-based chemotherapy rather than 
radiotherapy or immunotherapy. The Cis-sensitive controls 
consist of 35 OS patients who showed ≥90% tumor necrosis 
following the Cis treatment. The remaining 35 patients were 
defined as the Cis-resistant group who showed <90% tumor 
necrosis. After surgery, all samples were immediately frozen 
in liquid nitrogen and stored at –80 °C until further use. This 
study was approved by the Research Ethics Committee of 
the Second People’s Hospital of Wuhu and written informed 
consents were obtained from all participants.

Human hFOB1.19 osteoblasts, and two OS cell lines 
U2OS and MG63 were obtained from Cell Resource Center 
of Institute of Basic Medical Sciences, Chinese Academy 
of Medical Sciences (Beijing, China). DDP-resistant OS 
cell lines U2OS/DDP and MG63/DDP were developed 
using an intermittent stepwise selection protocol [25]. All 
cells were grown in Dulbecco’s modified Eagle’s medium 
(DMEM, Gibco, Carlsbad, CA, USA) in presence of 10% 
fetal bovine serum (FBS, Gibco) and 1% streptomycin/
penicillin (Solarbio, Beijing, China) at 37 °C in a humidified 
atmosphere containing 5% CO2. Moreover, U2OS/DDP and 
MG63/DDP cells were further treated with 2 µg/ml DDP to 
maintain the resistance.

Cell transfection. miR-375 mimics (miR-375) and 
negative control (miR-NC), miR-375 inhibitor (anti-miR-
375) and inhibitor control (anti-miR-NC), the siRNA 
targeting autophagy-related 2B (ATG2B) (si-ATG2B) and 
relative control (si-NC) were purchased from Thermo 
Fisher Scientific (Waltham, MA, USA). ATG2B expres-
sion plasmid (ATG2B) was provided by Thermo Fisher 
Scientific by inserting the full-length sequences of ATG2B 
into the pcDNA3.1 vector, with an empty vector (pcDNA) 
as a negative control. All RNA molecules and plasmids 
were transfected into U2OS/DDP and MG63/DDP using 
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA).

Reverse-transcription qPCR (RT-qPCR). Total RNA 
was extracted from homogenized tissues and cells using 
TRIzol® reagent (Thermo Fisher Scientific) and reverse 
transcribed into complementary DNA (cDNA) using 
M-MLV Reverse Transcriptase Kit (Thermo Fisher Scien-
tific) or TaqMan® miRNA reverse transcription kit (Thermo 
Fisher Scientific). Then, qPCR was carried out using SYBR 
Green PCR Master Mix (Thermo Fisher Scientific) and ran 
on the Real-time PCR Systems (Applied Biosystems, Foster 
City, CA, USA). The relative expression levels of miR-375 
and ATG2B were normalized to U6 or β-actin using 2–ΔΔCt 
method. qPCR primers were listed as below: miR-375: 
5`-CTTACTATCCGTTTGTTCGTTCG-3` (forward) and 
5`-TATGGTTGTTCTCGTCTCTGTGTC-3` (reverse). U6: 
5`-GCTTCGGCAGCACATATACTAAAAT-3` (forward) 
and 5`-CGCTTCACGAATTTGCGTGTCAT-3` (reverse). 
ATG2B: 5`-TGCCATCTGCTGCATTTCAAG-3` (forward) 
and 5`-GTGCTGCTACCCGGGACATTA-3` (reverse). 
β-actin: 5`-GGCATCGTGATGGACTCCG-3` (forward) 
and 5`-GCTGGAAGGTGGACAGCGA-3` (reverse).

Cell Counting Kit (CCK)-8 assay. For drug cytotoxicity 
analysis, transfected or non-transfected cells (1×104) were 
seeded into 96-well plates and treated with varying concen-
trations of cisplatin for 72 h. Then, cells were detached using 
trypsin (Solarbio) and incubated with Cell Counting Kit-8 
(Solarbio) for 2 h at 37 °C. The absorbance at 450 nm was 
detected on a microplate reader (Thermo Fisher Scientific). 
Cell growth inhibition rate (IR) was calculated by using the 
equation: IR = (1 – ODvalues of control group/ ODvalues of drug group) ×100%. 
Drug concentration that resulted in 50% growth inhibition 
(IC50) was determined from the growth inhibition curve.

For cell proliferation analysis, transfected U2OS/DDP 
and MG63/DDP cells were seeded into 96-well plates and 
incubated at 37 °C for 24 h, 48 h, and 72 h, respectively. Next, 
the absorbance at 450 nm was determined on a microplate 
reader (Thermo Fisher Scientific).

Western blot assay. Protein samples were prepared by 
lysing cells in cold RIPA buffer containing 1% protease 
inhibitor (Sigma-Aldrich, St. Louis, MO, USA). The super-
natant was harvested from cell lysate by high-speed centrif-
ugation at 12,000×g for 10 min. Afterward, equal amounts 
of protein denatured at 98 °C for 5 min were subjected to 
sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) gel, and then transferred onto polyvinylidene 
fluoride (PVDF) membranes (Millipore, Billerica, MA, 
USA). After blocking with skimmed milk, the membranes 
were incubated with specific antibodies against LC3-I, 
LC3-II, ATG2B and β-actin (Abcam, Cambridge, MA, 
USA) overnight at 4 °C. After washing, the membranes were 
further incubated with horseradish peroxidase (HRP)-
conjugated secondary antibody (Abcam) at 37 °C for 1.5 h. 
Protein signals were visualized using an enhanced chemi-
luminescence reagent (GE Healthcare, Giles, UK) and 
quantified using Image Lab software (Bio-Rad, Hercules, 
CA, USA).
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Flow cytometry. U2OS/DDP and MG63/DDP cells were 
transfected with miR-375 or si-ATG2B alone, or cotrans-
fected with miR-375 and pcDNA or ATG12B for 48 h. For 
apoptosis analysis, the cells were trypsinized, washed with 
cold phosphate buffer solution (PBS), and re-suspended 
in 100 µl binding buffer to which Annexin V-FITC and 
propidium iodide (PI) were added. For autophagy analysis, 
transfected cells were treated with 10 mM 3-methyladenine, 
for 24 h and then stained with 1 μg/ml acridine orange for 
15 min. The cells were harvested with trypsin and washed 
with PBS, followed by re-suspended into 500 μl flow cytom-
etry buffer containing 1% FBS. Apoptotic cells and autoph-
agic cells were quantified by flow cytometry (Thermo Fisher 
Scientific) after the addition of 250 μl binding buffer.

Luciferase assay. Partial ATG2B 3’ UTR fragments 
containing the predicted miR-375 binding sites was amplified 
by PCR and inserted into psiCHECK™-2 luciferase reporter 
vector plasmid (Promega, Madison, WI, USA), designated 
as wile-type ATG2B plasmid (ATG2B WT). Mutated ATG2B 
3’ UTR reporter plasmid (ATG2B MUT) with the mutant 
binding sites of miR-375 was generated using QuikChange 
II XL Site-directed Mutagenesis Kit (Agilent-Stratagene, 
Houston, Texas, USA). Next, the luciferase construct was 
transfected into U2OS/DDP and MG63/DDP cells along 
with miR-NC, miR-375, anti-miR-NC or anti-miR-375, 
followed by the measurement of luciferase activity using dual 
luciferase reporter assay kit (Promega).

Tumorigenesis in vivo. Male BALB/c nude mice (4–6 
weeks old) were purchased from Vital River Laboratory 
Animal Technology (Beijing, China) and kept in special 
pathogen-free (SPF) condition for one week. miR-NC or 
miR-375-expressing U2OS/DDP cells (1×107) were subcu-
taneously transplanted into the left anterior axilla of nude 
mice (n=6). One week thereafter, mice were intraperitone-
ally injected with PBS containing cisplatin (5 mg/kg) once 
every three days, three times total. Tumor volumes were 
measured weekly and calculated following the formula 
of (width × length2) / 2. Five weeks after inoculation, the 
mice were euthanatized and xenografts were harvested and 
weighted. miR-375 expression and ATG2B mRNA and 
protein levels in xenografts were determined by RT-qPCR 
and western blot analyses. This study was approved by the 
Animal Care and Use of Committee of the Second People’s 
Hospital of Wuhu.

Statistical analysis. All experiments were repeated three 
times and results were expressed as the mean ± standard 
deviation (SD). Statistical analysis was performed by Student’s 
t-test or one-way analysis of variance (ANOVA) using SPSS 
20 software and statistical significance was set at p<0.05.

Results

miR-375 expression was decreased in cisplatin-tolerant 
osteosarcoma. Firstly, RT-qPCR assay showed that miR-375 
frequently expressed lowly in the DDP-resistant OS cohort 

than that in the DDP-sensitive group (Figure 1A). Next, 
we further confirmed the dysregulation of miR-375 in 
DDP-resistant OS cell lines (U2OS/DDP and MG63/DDP). 
CCK-8 assay showed that the IC50 values for DDP were 
markedly enhanced in U2OS/DDP and MG63/DDP cells 
compared with that in corresponding parental cell lines 
(U2OS and MG63) (Figures 1B, 1C), indicating the anti-
drug activity of U2OS/DDP and MG63/DDP cells. Following 
expression analysis showed that miR-375 was downregulated 
in OS cells relative to normal hFOB1.19 cells, especially in 
U2OS/DDP and MG63/DDP cells (Figure 1D). These data 
suggest that miR-375 may be involved in the chemoresis-
tance of OS to cisplatin.

Elevated miR-375 inhibited cell autophagy in 
DDP-resistant OS cells. To investigate the effects of miR-375 
on the chemosensitivity of OS, gain-of-function analysis 
was performed by transfecting miR-NC or miR-375 mimics 
into DDP-resistant OS cells. miR-375 was highly enriched 
in U2OS/DDP and MG63/DDP cells following miR-375 
mimics transfection (Figure 2A). Functionally, a decreased 
IC50 value for DDP was observed in miR-375 overexpressing 
U2OS/DDP and MG63/DDP cells (Figure 2B), which 
confirmed the inhibitory effect of miR-375 on the DDP-resis-
tant phenotype in OS. The transformation of LC3-I to LC3-II 
is recognized as a key process of autophagosome formation, 
and the ratio of LC3-II/LC3-I is commonly used as a marker 
of autophagy [26]. The results of the western blot assay 
showed that elevated expression of miR-375 resulted in the 
reduction of LC3-II and LC3-I ratio (Figure 2C). Acridine 
orange staining was used to identify autophagic cells by flow 
cytometry. Acridine orange-positive cells were dramati-
cally decreased in U2OS/DDP and MG63/DDP cells when 
transfected with miR-375 mimic (Figures 2D, 2E). Moreover, 
the proliferation ability was attenuated, and apoptosis was 
enhanced in U2OS/DDP and MG63/DDP cells following 
miR-375 enrichment (Figures 2F–I), which were detected 
by CCK-8 and flow cytometry analyses. In a word, miR-375 
could suppress cell autophagy in U2OS/DDP and MG63/
DDP cells, as accompanied by decreased cell prolifera-
tion and promoted apoptosis rate. These results suggested a 
potential suppressive role of miR-375 upregulation in DDP 
resistance in OS cells.

ATG2B was a bona fide target of miR-375. Next, the 
TargetScan online website was employed to identify candi-
date miR-375 target genes. Among likely targets, ATG2B was 
picked out due to its involvement in autophagy regulation 
(Figure 3A). To confirm the true interaction between miR-375 
and ATG2B by predicted binding sites, we constructed 
luciferase reporter containing wide type or mutant ATG2B 
3’UTR. Luciferase assay indicated that overexpression of 
miR-375 inhibited, and knockdown of miR-375 promoted 
the luciferase activity of ATG2B WT reporter in U2OS/DDP 
and MG63/DDP cells but had no significant change on the 
luciferase activity of ATG2B MUT reporter (Figures 3B–E). 
Next, we further demonstrated that ATG2B was remarkably 
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U2OS/DDP and MG63/DDP cells (Figures  4D–G). These 
findings suggested that ATG2B downregulation was impli-
cated in the DDP sensitivity of OS cells by reducing cell 
autophagy and proliferation and increasing apoptotic rate.

ATG2B abolished the suppressive effect of miR-375 on 
cell autophagy in OS cells. Here, we initially observed a 
dramatic upregulation of ATG2B both at mRNA and protein 
levels following transfection of ATG2B overexpressed 
plasmid in U2OS/DDP and MG63/DDP cells (Figures 5A, 
5B). Following rescue experiments displayed that enforced 
ATG2B abolished miR-375-mediated DDP-sensitivity, 
displayed by the increase of IC50 value in U2OS/DDP and 
MG63/DDP cells (Figure 5C). Additionally, LC3-II and 
LC3-I ratio and acridine orange-positive cells, initially 
decreased by miR-375 introduction, were markedly elevated 
following ATG2B overexpression (Figures 5D–F). Moreover, 
re-expression of ATG2B counteracted the inhibitory effect 
of miR-375 on cell proliferation, and the promotive effect 
on cell apoptosis both in U2OS/DDP and MG63/DDP 
cells (Figures 5G–I). Altogether, these results indicated that 

upregulated in U2OS/DDP and MG63/DDP cells compared 
to parental counterparts (Figure 3F). Additionally, ATG2B 
protein expression was markedly suppressed by miR-375 
overexpression, and facilitated by miR-375 inhibition in 
U2OS/DDP and MG63/DDP cells (Figure 3G). These results 
agree with the fact that miR-22 targeted 3’ UTR of HMGB1 
and suppressed its expression.

The knockdown of ATG2B inhibited cell autophagy in 
DDP-resistant OS cells. The effect of ATG2B on the drug-
sensitivity of OS was further investigated by the transfection 
of si-NC or si-ATG2B into U2OS/DDP and MG63/DDP cells. 
As shown in Figures 4A and 4B, the transfection of si-ATG2B 
notably receded the expression of ATG2B at mRNA and 
protein levels, hinting that si-ATG2B could be used for 
the loss-of-function analysis. Functionally, the silencing 
of ATG2B sensitized OS cells to DDP, which was demon-
strated by the decreased IC50 value in the si-ATG2B group 
(Figure  4C). Moreover, ATG2B knockdown remarkably 
lowered LC3-II and LC3-I ratio and acridine orange-positive 
cells, inhibited cell proliferation and stimulated apoptosis in 

Figure 1. Attenuated expression of miR-375 in Cisplatin (Cis/DDP) resistant osteosarcoma (OS) tissues and cell lines. A) Expression of miR-375 in 
Cis sensitive (n = 35) or Cis resistant (n = 35) OS tissues was measured by reverse-transcription qPCR (RT-qPCR). B and C) The IC50 values for DDP 
in parental cell lines (U2OS and MG63) and DDP-resistant cell lines (U2OS/DDP and MG63/DDP) were calculated by CCK-8 assay. D) The RT-qPCR 
assay was used to detect miR-375 level in hFOB1.19, U2OS, MG63, U2OS/DDP, and MG63/DDP cells. *p<0.05.
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Figure 2. miR-375 modulated cell autophagy in DDP-resistant OS cells. U2OS/DDP and MG63/DDP cells were transfected with miR-NC or miR-375. 
A) The abundance of miR-375 was determined by RT-qPCR assay. B) The IC50 value for DDP was tested by CCK-8 assay. C) Protein expression of 
LC3-I and LC3-II was determined by western blot assay. D and E) Autophagic cells were identified by acridine orange staining on flow cytometry and 
measured using the 488 nm excitation detector (green fluorescence/ FL1) and the 540 nm emission detector (red fluorescence/ FL3) Representative 
FACS plots were shown and acridine orange-positive cells were calculated as % of total cells. F and G) Cell proliferation activity at different times after 
transfection was assessed by Cell Counting Kit (CCK)-8 assay. H and I) Cell apoptotic rates were detected by flow cytometry using Annexin V-FITC 
and PI double staining.



miR-375 SUPPRESSES APOPTOSIS AND AUTOPHAGY IN OS 729

Figure 3. miR-375 directly targeted autophagy-related 2B (ATG2B) and repressed its expression. A) Putative binding sites between miR-375 and AT-
G2B 3’UTR were predicted by TargetScan online website, as well as the mutant sites in ATG2B MUT reporter. B–E) U2OS/DDP and MG63/DDP cells 
were cotransfected with ATG2B WT or ATG2B MUT reporter and miR-NC or miR-375. Then, luciferase activity was examined by luciferase reporter 
assay. F) ATG2B protein expression was measured by western blot assay in hFOB1.19, U2OS, MG63, U2OS/DDP, and MG63/DDP cells. G) ATG2B 
protein level was tested in U2OS/DDP and MG63/DDP cells following miR-375 mimics or inhibitor transfection. *p<0.05.
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Figure 4. The knockdown of ATG2B showed a similar effect to miR-375 upregulation on cell autophagy in DDP-resistant OS cells. U2OS/DDP and 
MG63/DDP cells were transfected with si-NC or si-ATG2B. A and B) The expression levels of ATG2B mRNA and protein were examined by RT-qPCR 
and western blot assays. C) The effect of si-ATG2B on DDP sensitivity was evaluated relying on the IC50 value for DDP. D) Protein abundance of LC3-I 
and LC3-II was measured by western blot assay. E) Acridine orange-positive cells were calculated. F and G) CCK-8 assay was performed to assess cell 
proliferation activity. H) Cell apoptotic rates were detected by flow cytometry assay using Annexin V-FITC and PI double staining.
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miR-375 inhibited cell proliferation and autophagy, and 
suppressed the apoptotic rate in DDP-resistant OS cells by 
targeting ATG2B.

miR-375 served as a suppressor via repressing ATG2B 
in vivo. To further validate the sensitization of miR-375 in 
OS, nude mouse tumorigenesis assay was performed, and 
results showed that the introduction of miR-375 significantly 
blocked DDP-tolerant OS tumor growth including tumor 
volume and weight after cisplatin treatment (Figures 6A, 
6B). Moreover, the introduction of miR-375 mimics lowered 
the level of miR-375, while enhanced the abundances of 
ATG2B mRNA and protein in xenografts (Figures 6C–E). 
Collectively, the addition of miR-375 slowed down the tumor 
growth of DDP-resistant OS cells in vivo.

Discussion

Chemotherapeutic resistance to multiple drugs contrib-
utes to the failure in the blockade of cancer progression. 
Autophagy is considered to be an intracellular self-protective 
mechanism that plays a chief role in degrading abnormal 
proteins and organelles to maintain metabolic homeostasis 
[27]. Activated autophagy has been found in a wide range of 
cancer cells in response to metabolic, hypoxia, and therapeutic 
stress. Moreover, a growing number of evidence highlights 
that autophagy has the potential to protect tumor cell from 
death following chemotherapy [28, 29]. As reported by 
Vazquez-Martin et al., knockdown of LC3 resulted in a signif-
icant reduction of cell proliferation in trastuzumab-resis-

Figure 5. Restoration of ATG2B counteracted the effects of miR-375 on cell autophagy in DDP-resistant OS cells. A and B) U2OS/DDP and MG63/DDP 
cells were transfected with pcDNA or ATG2B. The expression levels of ATG2B mRNA and protein were detected by RT-qPCR and western blot assays. 
C) U2OS/DDP and MG63/DDP cells were transfected with miR-NC or miR-375 alone or cotransfected with miR-375 and pcDNA or ATG2B. At 48 h 
post-transfection, the IC50 value for DDP was detected by CCK-8 assay. D and E) Protein expressions of LC3-I and LC3-II were examined by western 
blot assay. F) Acridine orange-positive cells were calculated. G and H) Cell proliferation ability was determined by CCK-8 assay. I) Cell apoptotic rates 
were measured by flow cytometry using Annexin V-FITC and PI double staining.
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tance breast cancer cells [30]. Xu et al. stated that autophagy 
degraded cisplatin cytotoxicity by protecting cervical 
cancer cells from endoplasmic reticulum stress-induced cell 
apoptosis [31]. Additionally, plenty of literature also revealed 
that blockage of autophagy augmented the sensitivity of OS 
cells to cisplatin [32]. Hence, therapeutic targeting autopha-
gosome formation may become a novel approach to enhance 
the efficiency of chemotherapy agents in cancer.

miR-375, well known as a cancer-related miRNA, has 
been reported to be dysregulated in several malignant 
tumors and associated with cancer progression. Increasing 
evidence has demonstrated the dichotomous roles of 
miR-375 in mediating chemoresistance of various cancers. 
On one hand, the upregulation of miR-375 restores the 
sensitivity of HER2-positive breast cancer cells to trastu-
zumab by interacting with insulin-like growth factor 1 
receptor (IGF1R) [33]. Also, miR-375 expression decreased 
by promoter methylation enhanced multi-drug resistance 
in breast cancer cells via targeting Y-box binding protein-1 
(YBX1) [34]. On the other hand, elevated expression of 
miR-375 may contribute to epithelial-mesenchymal transi-
tion (EMT), leading to paclitaxel resistance in cervical cancer 
[35]. By targeting SEC23A and YAP1, miR-375 confers the 
chemoresistance of prostate cancer to docetaxel [36]. In 
the present study, we confirmed that miR-375 was notably 

downregulated in DDP-resistant OS tissues and cell lines, 
indicating the possible correlation between miR-375 and 
DDP resistance. Enforced expression of miR-375 suppressed 
cell proliferation and autophagy and promoted apoptosis 
rate in DDP-resistant OS cells in vitro and in vivo. Moreover, 
the miR-375 enrichment showed a suppressive role in 
DDP-resistant OS cells depending on downregulating its 
target gene ATG2B. These data indicated that miR-375 was 
associated with DDP sensitivity in OS cells partly through 
suppressing autophagy-mediated cell growth and promoting 
cell apoptosis. However, the molecular basis of miR-375 in 
DDP resistance requires to be further investigated.

ATG2B is an autophagy-related gene involving in the 
initial steps of autophagosome formation by interacting with 
ATG2A and WDR45 [37]. Recently, an increasing number of 
evidence has demonstrated that ATG2B can serve as a major 
modulator in cancer. For example, frameshift mutations were 
observed in the coding sequence of the ATG2B gene in gastric 
and colorectal cancer, indicating the possible correlation 
between ATG2B and cancer progression. miR-143b blocked 
tumor growth via directly targeting ATG2B in non-small cell 
lung cancer (NSCLC) [38]. miR-130a enhanced the killing 
of chronic lymphocytic leukemia cells via impeding ATG2B-
mediated autophagy [39]. In addition, elevated miR-143 
weakened autophagy partly via downregulating ATG2B, 

Figure 6. miR-375 slowed down tumor growth of DDP-resistant OS cells in vivo. A) Tumor volumes in the miR-NC or miR-375 group were measured 
weekly after inoculation and DDP treatment. B) Five weeks after inoculation, tumors were harvested and weighted. One representative image of the 
tumor from each group is shown. C) miR-375 expression in each group was detected by RT-qPCR analysis. D and E) The mRNA and protein levels of 
ATG2B in tumors were determined by RT-qPCR and western blot analyses.
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which ultimately heightened the sensitivity of prostate cancer 
to radiation [40]. In OS, downregulation of miR-143 accom-
panied by the increases of ATG2B, Bcl-2, and/or LC3-II 
protein levels, leading to the chemoresistance of OS tumor 
cells to doxorubicin [41]. Here, by luciferase reporter assay, 
we proved that ATG2B was a direct target of miR-375. The 
knockdown of ATG2B might enhance DDP sensitivity in 
OS cells by blockade of autophagy, which was absolutely 
similar to the effect of miR-357 overexpression. Further-
more, rescue experiments validated that re-expression of 
ATG2B abolished miR-375-mediated DDP sensitivity, cell 
autophagy, and growth.

In OS, miR-375 was well documented as a tumor 
suppressor partially by targeting downstream genes phospha-
tidylinositol-4, 5-bisphosphate 3-kinase, catalytic subunit 
alpha (PIK3CA) [42] and Yes-associated protein 1 (YAP1) 
[43]. The tumor-suppressive function of miR-375 was 
mediated by YAP1 inhibition; however, whether PIK3CA 
dysregulation underlay miR-375 role in OS remains undis-
closed, even though PIK3CA was identified to be negatively 
regulated by miR-375 in a linear correlation in OS tissues and 
cells. In this study, we confirmed that miR-375 upregulation 
might be a suppressor in DDP-resistant OS cells both in vitro 
and in vivo by targeting ATG2B. Meanwhile, more investi-
gations should be carried out to compare the difference of 
miR-375/ATG2B axis in DDP resistant cell lines and normal 
OS cell lines that are not resistant to DDP in further study, as 
well as the contribution of miR-375/message RNAs network 
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