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MicroRNAs (miRNAs) play a crucial role in regulating diverse biological processes, including drug resistance. We
investigated the potential roles of the miR-29 family in methotrexate (MTX) resistance in osteosarcoma.

Two MTX-resistant osteosarcoma cell lines, MG-63/MTX and U20S/MTX, were generated by continuous ex-
posure to stepwise increasing concentrations of MTX. miR-29abc, COL3A1, and MCL1 mRNA expression levels
were determined using quantitative real-time PCR (qRT-PCR). Protein expression levels of COL3A1 and MCL1
were detected by Western blot. Cell viability, IC50 value, and cell apoptosis were assessed by CCK-8 assay and
flow cytometry, respectively. The target relationship between the miR-29 family and COL3A1 or MCL1 was con-
firmed by luciferase reporter assay.

miR-29a, miR-29b, and miR-29c¢ were significantly downregulated in MG-63/MTX and U20S/MTX cells and in
chemotherapy poor-response osteosarcoma tissues. Overexpression of the miR-29 family sensitized MG-63/MTX
and U20S/MTX cells to MTX and obviously promoted cell apoptosis compared with negative control. COL3A1
and MCL1 were identified to be target genes of the miR-29 family, and transfection with miR-29abc mimics
in MG-63/MTX and U20S/MTX cells decreased COL3A1 and MCL1 mRNA and protein expression. Meanwhile,
overexpression of COL3A1 and MCL1 partly neutralized the effects of the miR-29 family on MTX resistance and
cell apoptosis.

Taken together, our findings suggested a tumor-suppressor role of the miR-29 family in control of MTX resis-
tance and cell apoptosis through regulating COL3A1 or MCL1. Targeting the miR-29 family might provide new
strategies to overcome the high-dosage MTX-induced cytotoxicity in osteosarcoma treatment.
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Background
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Material and Methods

Osteosarcoma is the most common malignant bone tumor in
children and adolescents [1,2]. In the last 20 years, unfortu-
nately, little prognostic progress has been made [3]. The 5-year
survival rate remains at 60-70% in osteosarcoma patients and
approximately 40% of patients acquire drug resistance [4,5].
Therefore, seeking new therapeutic targets and understanding
the molecular mechanism underlying the chemoresistance are
of great importance for osteosarcoma treatment.

The current standard treatment for osteosarcoma is high-dose
methotrexate (MTX) together with doxorubicin, cisplatin, and
ifosfamide. MTX is a folate analog that inhibits dihydrofo-
late reductase. Despite its efficacy, high-dose MTX can cause
many serious adverse effects, such as bone-marrow suppres-
sion, mucositis, and nephrotoxicity [6-8]. Control of chemo-
resistance and enhancing cell sensibility to MTX may allow a
lower dosage and help to reduce the adverse effects of high
MTX for osteosarcoma patients.

Previous studies have shown that the MTX resistance in os-
teosarcoma was associated decreased transport through
the reduced folate carrier (RFC) and increased expression of
dihydrofolate reductase (DHFR) [9,10]. Recently, several studies
also indicated that the methylenetetetrahydrofolate reductase
(MTHFR) 677C allele is associated with worse liver toxicity
and that increased expression of high mobility group box 1
(HMGB1) and epidermal growth factor receptor (EGFR) con-
tribute to MTX resistance in osteosarcoma through autophagy
and survival signals, respectively [11-13]. These findings pro-
vided novel strategies to overcome MTX resistance for osteo-
sarcoma treatment.

MicroRNAs (miRNAs) are small non-coding RNAs implicated
in a growing number of human diseases, including osteosar-
coma [14]. Several studies have shown that altered miRNAs
can function as tumor suppressors or oncogenes through reg-
ulating many pathological and physiological processes, such
as proliferation, migration, invasion, apoptosis, and multidrug
resistance [15-17]. The present study aimed to investigate
the potential involvement of the miR-29 family and MTX re-
sistance in osteosarcoma. We examined the expression levels
of miR-29a, miR-29b, and miR-29c in MTX-resistant osteosar-
coma cell lines and tissues. Using gain- and loss-of-function
approaches, we explored the underlying mechanisms of miR-
29abc in control of MTX resistance. Our results will improve
understanding of MTX resistance in osteosarcoma.

Patients

Eighteen poor-response osteosarcoma tissues (<90% tumor
necrosis after chemotherapy) and 18 stage-matched good-re-
sponse osteosarcoma tissues (>90% tumor necrosis after che-
motherapy) were analyzed from the Second Affiliated Hospital
of Soochow University. All patients were treated preoperatively
with neoadjuvant chemotherapy. This study was approved
by the Ethics Committee of the Second Affiliated Hospital of
Soochow University. Written informed consent was obtained
from each participant.

Cell culture and transfection

MG-63 and U20S cells were purchased from ATCC. MTX-
resistant cell lines MG-63/MTX and U20S/MTX were generated
by continuous exposure of drug-sensitive cells to stepwise
increasing concentrations of MTX. Cells were incubated at a
beginning concentration of 0.1 pg/ml MTX for 24 h and then
we changed the medium. When the cells grew well, cells were
exposed to 0.1 pg/ml MTX for 24 h and then we repeated the
above steps 7 times. The concentrations of MTX were increased
stepwise to 0.25, 0.5, 1, 5, and 10 pg/ml. To maintain the
resistance, MG-63/MTX and U20S/MTX were cultured with
1 pg/ml MTX supplement. Human COL3A1 and MCL1 cDNA
were subcloned into the pcDNA 3.1 vector (Promega, Madison,
WI). Cells were transiently transfected with miR-29abc mimics,
miRNA negative control, pcDNA 3.1-COL3A1, pcDNA 3.1-MCL1,
or pcDNA 3.1 using Lipofectamine 2000 (Life Technologies).

CCK-8 assay

Cell viability and cytotoxicity were evaluated using CCK-8
assay. Briefly, 1x10* cells/well were seeded into 96-well plates
for 24-h incubation. Then, the cells were treated with various
concentration of MTX. After 48 h, OD450 values were mea-
sured on a spectrophotometer (Bio-Rad, CA, USA) using the
CCK-8 kit (Dojindo Molecular Technologies, Kumamoto, Japan)
according to the manufacturer’s instructions. The IC50 value
was calculated by the relative survival curve.

Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted from cultured cells or tissues using
Trizol (Invitrogen). First-strand cDNA was synthesized with ran-
dom primers using a RevertAid First-Strand cDNA Synthesis kit
(Thermo Scientific, Waltham, MA, USA) or commercial miRNA
reverse transcription PCR kit (RiboBio, Guangzhou, China).
gRT-PCR analysis was performed using PowerUp™ SYBR Green
Master Mix (Thermo-Fisher Scientific) on an Applied Biosystems
7500 Real-Time PCR System. miR-29a, miR-29b, miR-29c¢, and
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mRNA expression levels were normalized to U6 and B-actin.
Each sample was assessed in triplicate. The relative expression
of miRNA or mRNAs was calculated using the 2744% method.
The primer sequences were as follows:

COL3A1 Forward: 5’-CGGCAATCCTGAACTTCCTG-3’,

Reverse: 5’-ATCAGCTTCAGGGCCTTCTT-3’;

MCL1 Forward: 5’-GCTGCATCGAACCATTAGCA-3’,

Reverse: 5’-ATGCCAAACCAGCTCCTACT-3’;

B-actin Forward: 5’-GGCATCCTCACCCTGAAGTA-3’,

Reverse: 5’-TAGCACAGCCTGGATAGCAA-3'.

Western blot

Total protein was extracted from cultured cells or tissues.
A total of 30 mg of proteins was separated by SDS/PAGE (10%
gel), transferred onto nitrocellulose membranes, and blocked
by 5% non-fat milk. Then, the membranes were incubated with
anti-COL3A1 (sc-514601, Santa Cruz) and anti-MCL1 (#94296,
Cell Signaling Technology) overnight at 4°C and then incubated
with horseradish peroxidase-labeled secondary antibodies for
2 h at room temperature. Bands were developed using chemi-
luminescence and B-actin (#4970, Cell Signaling Technology)
was used as the control.

Apoptosis assay

After 24-h transfection, cells were treated with MTX for 48 h.
Then, flow cytometry (Beckman Coulter, Brea, CA, USA) analysis
was performed using an Annexin V-FITC apoptosis detection kit
(Invitrogen) according to the manufacturer’s protocol. Briefly,
cells were collected and dual-stained with 5 pl Annexin V and
5 pl propidium iodide for 30 min at room temperature. The
stained cells were immediately analyzed by flow cytometry (BD,
San Diego, CA, USA). Results are from 3 separate experiments.

Luciferase reporter assay

Luciferase reporters of wild-type (WT) COL3A1 3’ UTR and MCL1
3" UTR containing predictive binding site of miRNA-29abc and
mutant (Mut) COL3A1 3’ UTR and MCL1 3’ UTR were synthe-
sized and cloned into pMIR-REPORT luciferase miRNA expres-
sion reporter vector (Ambion, TX, USA) between the Spel and
Hindlll sites. Cells were co-transfected with luciferase reporters
and miR-29abc mimics or miRNA negative control. After 48-h
transfection, the luciferase activity was detected using a
Luciferase Reporter Assay System kit (Promega).

Statistical analysis

One-way ANOVA was performed to analyze the differences be-
tween groups. The differences between 2 groups were com-
pared using the independent-samples t test. All values are
expressed as the mean +SD. P value <0.05 was considered
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statistically significant. The statistical analyses were performed
using SPSS 18.0 (SPSS, Inc., IL, USA).

Results

miR-29 family was down-regulated in MTX-resistant
osteosarcoma cells and tissues

To explore the functional role of the miR-29 family in devel-
opment of MTX resistance in osteosarcoma, 2 MTX-resistant
osteosarcoma cell lines, MG-63/MTX and U20S/MTX, were
produced by continuous exposure of drug-sensitive cells to
stepwise increasing concentrations of MTX. We first confirmed
the MTX resistance of MG-63/MTX and U20S/MTX cells treated
with different concentration of MTX and found that their
IC50 values were significantly enhanced by (112.42+42.93)-
fold and (93.11+26.36)-fold compared with MG-63 and U20S
cells, respectively (Figure 1A, 1B). Then, we performed qRT-PCR
assay to profile the expression levels of the miR-29 family. The
results showed that miR-29abc expression level in MG-63/MTX
cells was downregulated (2.97+0.30)-fold, (2.34+0.24)-fold and
(3.81+0.76)-fold compared with that of MG-63 cells (Figure 1C).
In U20S/MTX cells, miR-29abc expression level was down-reg-
ulated by (3.19+0.50)-fold, (2.54+0.36)-fold, and (3.03+0.33)-
fold compared with that of U20S cells (Figure 1D). To further
validate the expression level of miR-29abc, qRT-PCR assay was
used in 18 poor-response osteosarcoma tissues and 18 stage-
matched good-response osteosarcoma tissues. As shown in
Figure 1E, miR-29abc expression level in poor-response osteo-
sarcoma patients was also obviously decreased compared with
that of good-response osteosarcoma patients. These findings
suggested miR-29abc has a regulatory function in MTX resis-
tance of osteosarcoma.

Overexpression of miR-29 family suppressed MTX
resistance and promoted cell apoptosis

To confirm the relationship between miR-29 family and MTX
resistance in osteosarcoma, miR-29abc mimics or miRNA neg-
ative control was transiently transfected into MG-63/MTX and
U20S/MTX cells. The transfection efficiency was first evaluated
by gRT-PCR, as shown in Table 1. Then, we investigated the
effect of miR-29abc on cell viability and MTX resistance using
CCK-8 assay. As shown in Figure 2A and 2B, overexpression of
miR-29abc significantly decreased cell viability and 1C50 values
in both MG-63/MTX cell lines. Consistent with MG-63/MTX
cells, inhibitory effects of miR-29abc mimics on cell viability
and MTX resistance were observed in U20S/MTX cells (Figure
2G, 2D). Flow cytometry analysis showed dramatic apoptosis in
MG-63/MTX and U20S/MTX cells transfected with miR-29abc
mimics compared with miRNA negative control (Figure 2E, 2F).
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Figure 1. Frequent downregulation of miR-29abc in MTX-resistant osteosarcoma cells and tissues. (A) IC50 value for MTX in MG-63
and MG-63/MTX cells determined using CCK-8 assay. (B) IC50 value for MTX in U20S and U20S/MTX cells determined using
CCK-8 assay. (C) Relative expression levels of miR-29abc in MG-63 and MG-63/MTX cells assessed by gRT-PCR analysis.
(D) Relative expression levels of miR-29abc in U20S and U20S/MTX cells assessed by gRT-PCR analysis. (E-G) Relative
expression levels of miR-29abc in 18 poor-response osteosarcoma tissues (<90% tumor necrosis after chemotherapy) and
18 stage-matched good-response osteosarcoma tissues (>90% tumor necrosis after chemotherapy) analyzed by qRT-PCR.
** P<0.01.

Table 1. Transfection efficiency of miR-29abc mimics validated
by gqRT-PCR compared with miRNA negative control.

COL3A1 and MCL1 are target genes of miR-29 family

Fold change

miRNAs To uncover the potential mechanism in which miR-29 family

inhibits MTX resistance and induces cell apoptosis in osteosar-

77777777 m|R29a17058116541621811474 coma, we searched for its target genes in TargetScan and found
miR-29b 155.49+27.89 151.41+25.55 that the 3’'UTR of COL3A1 and MCL1 contains binding sites of
""""""""""""""""""""""""""""""""""""""""""""""" miR-29abc (Figures 3A, 3B). We constructed luciferase reporter
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Figure 2. Overexpression of miR-29 family suppressed MTX resistance and promoted cell apoptosis. (A) MG-63/MTX cells were
transfected with miR-29abc or negative control and treated with different concentrations of MTX for 48 h. Cell viability was
determined using CCK-8 assay. (B) IC50 value for MTX in MG-63/MTX cells transfected with miR-29abc or negative control
and treated with different concentrations determined using CCK-8 assay. (C) U20S/MTX cells were transfected with miR-
29abc or negative control and treated with different concentrations of MTX for 48 h. Cell viability was determined using
CCK-8 assay. (D) 1C50 value for MTX in U20S/MTX cells transfected with miR-29abc or negative control and treated with
different concentrations determined using CCK-8 assay. (E) Flow cytometry analysis was performed to determine the effect
of miR-29abc mimics on cell apoptosis induced by MTX in MG-63/MTX cells. (F) Flow cytometry analysis was performed
to determine the effect of miR-29abc mimics on cell apoptosis induced by MTX in U20S/MTX cells. * P<0.05, ** P<0.01

compared with negative control.
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binding sites for miR-29abc. In MG-63/MTX and U20S/MTX
cells, miR-29abc mimics co-transfected with WT-COL3A1 or WT-
MCL1 significantly reduced luciferase activity, but no obvious
change was observed for Mut-COL3A1 or Mut-MCL1 (Figure
3¢, 3D). gRT-PCR and Western blot analysis showed a signifi-
cant decrease of COL3A1 and MCL1 mRNA and protein level in
MG-63/MTX and U20S/MTX cells transfected with miR-29abc
mimics compared with miRNA negative control (Figure 3E-3H).
These results reveal that miR-29abc directly regulates COL3A1
and MCL1 in osteosarcoma.

We also detected COL3A1 and MCL1 mRNA and protein level
in 18 poor-response osteosarcoma tissues and 18 stage-
matched good-response osteosarcoma tissues. A higher mRNA
level of COL3A1 and MCL1 was observed in poor-response

LAB/IN VITRO RESEARCH

osteosarcoma patients compared with that of good-response
osteosarcoma patients (Figure 3l, 3J). Person correlation anal-
ysis showed that miR-29abc was negatively correlated with
COL3A1 and MCL1 mRNA levels in MTX-resistant osteosarcoma
tissues (Table 2).

Overexpression of COL3A1 and MCL1 reversed miR-29abc-
induced MTX resistance and cell apoptosis

To further confirm the regulatory effect of miR-29abc on
COL3A1 and MCL1 in the MTX resistance of osteosarcoma,
we co-transfected miR-29abc or miRNA negative control with
pcDNA3.1-COL3A1, pcDNA 3.1-MCL1 or vector negative con-
trol in MG-63/MTX and U20S/MTX cells. We first transfected
pcDNA3.1-COL3A1, pcDNA 3.1-MCL1, or pcDNA 3.1 vector into
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Figure 3. miR-29 family directly targeted COL3A1 and MCL1. (A) Binding sites of the 3’'UTR of COL3A1 for miR-29abc predicted by
TargetScan. (B) Binding sites of the 3’'UTR of MCL1 for miR-29abc predicted by TargetScan. (C) Luciferase reporter assay
validated that miR-29abc directly targets the 3’'UTR of COL3A1 and MCL1 in MG-63/MTX cells. (D) Luciferase reporter
assay validated that miR-29abc directly targets the 3’'UTR of COL3A1 and MCL1 in U20S/MTX cells. (E) Overexpression of
miR-29abc in MG-63/MTX cells reduced COL3A1 and MCL1 protein expression level determined by Western blot analysis
compared with negative control. (F) Overexpression of miR-29abc in U20S/MTX reduced COL3A1 and MCL1 protein
expression level determined by Western blot analysis compared with negative control. (G) Transfection with miR-29abc
mimics in MG-63/MTX and U20S/MTX cells reduced COL3A1 mRNA expression level determined by qRT-PCR compared
with negative control. (H) Transfection with miR-29abc mimics in MG-63/MTX and U20S/MTX cells reduced MCL1 mRNA
expression level determined by qRT-PCR compared with negative control. (I) Relative mRNA expression of COL3A1 in 18
poor-response osteosarcoma tissues (<90% tumor necrosis after chemotherapy) and 18 stage-matched good-response
osteosarcoma tissues (90% tumor necrosis after chemotherapy) as analyzed by gRT-PCR. (J) Relative mRNA expression of
MCL1 in 18 poor-response osteosarcoma tissues (<90% tumor necrosis after chemotherapy) and 18 stage-matched good-
response osteosarcoma tissues (>90% tumor necrosis after chemotherapy) as analyzed by qRT-PCR. ** P<0.01. (C, D, G, H)
compared with negative control. (I, J) compared with good-response osteosarcoma tissues.

Table 2. Person correlation analysis of miR-29abc with COL3A1 MG-63/MTX and U20S/MTX cells, and Western blot results
and MCL1 mRNA level in MTX-resistant osteosarcoma showed a significant increase protein level of COL3A1 and MCL1
tissues.

after transfection with pcDNA 3.1-MCL1 and pcDNA 3.1, respec-
tively (Figure 4A, 4B). As shown in Figure 4C and 4D, MTT assay
miRNAs P value R results demonstrated that transfection with pcDNA 3.1-COL3A1
or pcDNA 3.1-MCL1 in MG-63/MTX and U20S/MTX cells signif-
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, icantly increased cell viability and IC50 values compared with
miR-29b 0.0053 -0.8311 pcDNA 3.1 vector. However, lower cell viability and IC50 values
i e s were ob.servefj in MG-6%/!\(\TX and U20S/MTX cells co-trans-
fected with miR-29abc mimics and pcDNA3.1-COL3A1 or pcDNA

3.1-MCL1 compared with that of pcDNA 3.1 vector, suggesting
COL3A1 and MCL1 are associated with miR-29abc-mediated

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
8818 [ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Xu W. et al.:

miR-29 family inhibits resistance... LAB/IN VITRO RESEARCH

© Med Sci Monit, 2018; 24: 8812-8821

pcONA3.1 pcDNA pONA3.1 pcONA pcDNA3.1 pcDNA pONA3.1 pcONA
3.1-C0L3AT  kDa 3.0-MCLT kDa 3.1-COL3AT  kDa 3.1-MCLT kDa

(01301 om— S ) MCL  — o ) (Ol3A]  — PecnmnN 140 ML — — 40

pacin M SN ;[ S S S e— AR, S

B-actin

MG-63/MTX U20S/MTX

C 25 MG-63/MTX D 7 U20S/MTX

150 (pg/ml)
1C50 (ug/ml)

Ngative control ~ + - Ngative control ~ + -

miR-29a mimics - + - - + - - + - - miR-29a mimics - + - - + - - + -
miR-29b mimics - - + - - 4+ - - + - miR-29b mimics - - + - - 4+ - - 4+ -

miR-29¢mimics - - - + - - + - -+ miR-29¢mimics - - - + - - + - -
pDNA3T  + + o+ o+ - - - = = - pdDNA3T  + + o+ o+ - - - - -
pcONA3I-CO3A1 - - - - 4+ 4+ + - - - pdNA3I-COL3AT - - - -+ 4+ 4+ - - -

pdDNA3I-MCLT - - - - - - - 4+ 4+ 4 pDNA3I-MCLT - - - - - - -+ o+

E F
407 MG-63/MTX 40 7 U205/MTX

Apoptosis (%)
Apoptosis (%)

Ngative control ~ + - Ngative control ~ + -

miR-29a mimics - + - - + - - + - - miR-29a mimics - + - - + - - + -
miR-29b mimics - - + - - 4+ - - 4+ - miR-29b mimics - - + - - 4+ - - 4+ -

miR-29¢mimics - - - + - - + - -+ miR-29¢mimics - - - + - - + - -
pcDNA3T  + + + o+ - - - - - - pDNA3T  + + 4+ o+ - - - - —
pcONA3I-CO3A1 - - - - 4+ 4+ + - - - pdNA3I-COLAT - - - - o+ 4+ 4+ - - -

pdDNA3I-MCLT - - - - - - - 4+ 4+ 4 pdNA3I-MCLT - - - - - - - 4+ 4

Figure 4. Overexpression of COL3A1 and MCL1 reversed miR-29abc-induced MTX resistance and cell apoptosis. (A) Western blot
analysis of COL3A1 and MCL1 protein level after transfection with pcDNA3.1-COL3A1 and pcDNA 3.1-MCL1 in MG-63/MTX
cells. (B) Western blot analysis of COL3A1 and MCL1 protein level after transfection with pcDNA3.1-COL3A1 and pcDNA
3.1-MCL1 in U20S/MTX cells. (C) MG-63/MTX cells were co-transfected miR-29abc mimics, miRNA negative control with
pcDNA3.1-COL3A1, pcDNA 3.1-MCL1, or pcDNA 3.1 vector and treated with different concentrations of MTX for 48 h. IC50
values were then determined using CCK-8 assay. (D) U20S/MTX cells were co-transfected miR-29abc mimics, miRNA negative
control with pcDNA3.1-COL3A1, pcDNA 3.1-MCL1, or pcDNA 3.1 vector and treated with different concentrations of MTX for
48 h. 1C50 values were then determined using CCK-8 assay. (E) Flow cytometry analysis was performed to determine the
effect of COL3A1 or MCL1 overexpression on cell apoptosis induced by MTX in miR-29abc mimics transfected MG-63/MTX
cells. (F) Flow cytometry analysis was performed to determine the effect of COL3A1 or MCL1 overexpression on cell apoptosis
induced by MTX in miR-29abc mimics-transfected U20S/MTX cells. ** P<0.01 compared with negative control. 2 P<0.05 and
2 P¢<0.01 compared with miR-29a mimics. ® P<0.05 and ®® P<0.01 compared with miR-29b mimics. < P<0.05 and « P<0.01
compared with miR-29¢c mimics.
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MTX resistance. Flow cytometry analysis showed that overex-
pression of COL3A1 or MCL1 in MG-63/MTX and U20S/MTX
cells transfected with miR-29abc mimics significantly reduced
the rate of cell apoptosis compared with that of pcDNA 3.1 and
miR-29abc mimics (Figure 4C, 4D). These results further con-
firmed that the miR-29 family regulates MTX resistance and
cell apoptosis through targeting COL3A1 and MCL1.

Discussion

In this study, using osteosarcoma MTX-resistant cell lines and
clinical samples, we first determined miR-29abc expression level
by qRT-PCR and found that miR-29abc was frequently down-
regulated in MTX-resistant osteosarcoma cells and tissues.
In addition, overexpression of miR-29abc in MG-63/MTX and
U20S/MTX cells significantly reduced cell viability, enhanced
cell sensitivity to MTX, and promoted cell apoptosis induced by
MTX. Through bioinformatics prediction, we found that COL3A1
and MCL1 might be functional targets of miR-29abc. Then, we
confirmed this hypothesis by a series of molecular biology ex-
periments. Finally, we found that overexpression of COL3A1
or MCL1 could neutralize, at least in part, the effect of inhibi-
tion of miRNA-29abc mimics on MTX resistance. These find-
ings show the potential roles of miR-29abc in control of MTX
resistance in osteosarcoma.

The miR-29 family includes 3 members: miR-29a, miR-29b
(miR-29b-1 and miR-29b-2 are known as mature miRNAs and
together are referred to as miR-29b), and miR-29c. miR-29a
and miR-29b-1 are located on chromosome 1 while miR-29b-2
and miR-29c are located on chromosome 7. They are highly
homologous and share a common seed sequence (ACCACGA).
Many studies have shown that the miR-29 family can function
as a tumor suppressor in gastric cancer, lung squamous cell
carcinoma, and acute myeloid leukemia, but also acts as an
oncogene in pancreatic cancer and breast cancer [18-22]. In
addition, the miR-29 family also plays an important regulatory
role in drug resistance, type 2 diabetes, and aging [23-25]. In
osteosarcoma, the miR-29 family was implicated in cell pro-
liferation, migration, and angiogenesis [26,27]. However, the
relationship between the miR-29 family and MTX resistance

References:

1. Mirabello L, Troisi RJ, Savage SA: Osteosarcoma incidence and survival
rates from 1973 to 2004: data from the Surveillance, Epidemiology, and
End Results Program. Cancer, 2009; 115: 1531-43

. Ottaviani G, Jaffe N: The epidemiology of osteosarcoma. Cancer Treat Res,
2009; 152: 3-13

. Siegel H), Pressey JG: Current concepts on the surgical and medical man-
agement of osteosarcoma. Expert Rev Anticancer Ther, 2008; 8: 1257-69

N

w

»

. Savage SA, Mirabello L: Using epidemiology and genomics to understand
osteosarcoma etiology. Sarcoma, 2011; 2011: 548151

Xu W. et al.:
miR-29 family inhibits resistance...
© Med Sci Monit, 2018; 24: 8812-8821

in osteosarcoma was still unclear. The present study revealed
the role of the miR-29 family in inhibiting MTX resistance
and our results will broaden existing knowledge about the
miR-29 family.

COL3A1 encodes the pro-alphal chains of type IlI collagen.
Mutations in this gene are associated with Ehlers-Danlos syn-
drome type IV, intracranial aneurysms, and cervical artery aneu-
rysms [28,29]. Recent studies have reported that upregulated
COL3A1 is involved in the tumorigenesis and development of
lung adenocarcinoma and renal cell carcinoma [30,31]. Here,
we detected COL3A1 expression in MTX-resistant osteosar-
coma tissues and observed a negative correlation between
COL3A1 and miR-29 family, and found that overexpression of
COL3A1 significantly enhanced 1C50 for MTX compared with
negative control.

MCL1 is a BCL2-related pro-survival protein originally isolated
from human myeloid leukemia cells [32]. Frequent upregulation
of MCL1 was observed across many solid and hematological
malignancies [33]. There are several lines of evidence showing
that MCL1 plays a critical role in multidrug resistance. For ex-
ample, inhibition of MCL-1 in cisplatin-resistant non-small cell
lung cancer cells increased the drug sensitivity [34]. In addi-
tion, miR-451 sensitizes lung cancer cells to cisplatin through
targeting Mcl-1 [35]. Our research also suggests that MCL-1 is
a direct target gene of the miR-29 family in regulating MTX-
mediated cell apoptosis.

Conclusions

Our work demonstrates that the miR-29 family is dysregulated
in MTX-resistant osteosarcoma cell lines and tissues and acts
as a tumor suppressor through targeting COL3A1 or MCL1.
Targeting the miR-29 family might provide new strategies to
overcome high-dosage MTX-induced cytotoxicity in osteosar-
coma treatment.
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