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miR-320 inhibits multidrug resistance of osteosarcoma 
cells to methotrexate by targeting XIAP
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Abstract: The development of multidrug resistance (MDR) is a hallmark of cancer therapy. Increasing evidence 
found that many microRNAs (miRNAs), small endogenous noncoding RNAs, are dysregulated in osteosarcoma (OS) 
and may be a regulator of MDR-related gene expression. To investigate the functional role of miR-320 in the MDR of 
OS, OS MDR cell lines were first established by pulse exposure SaOS-2 and U2OS to gradually increasing concentra-
tions of MTX. A negative correlation between the expression of miR-320 and X-linked inhibitor of apoptosis protein 
(XIAP) was observed in established OS MDR cell lines by real-time polymerase chain reaction (RT-PCR). MTT assay 
and flow cytometry analysis elucidated that overexpression miR-320 or knockdown XIAP sensitized SaOS-2/R and 
U2OS/R cells to anti-cancer drugs and promoted cell apoptosis. The 3’ untranslated region (UTR) of XIAP was pre-
dicted to be a direct target of miR-320. Luciferase assay and western blot demonstrated that miR-320 could directly 
interact with the 3’UTR of XIAP and regulate the expression of apoptosis-related proteins XIAP, caspase-3, bax and 
bcl-2. Taken together, our data identified miR-320 as an important regulator of OS MDR by directly targeting XIAP 
and might provide a novel therapeutic strategy for OS treatment.
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Introduction

In osteosarcoma (OS), chemotherapy is the ma- 
jor treatment, with multiple anticancer drugs, 
including cisplatin, doxorubicin and methotrex-
ate [1, 2]. Since the introduction of combinato-
rial chemotherapy to OS, the 5-year survival 
rate has significantly improved over the past 
few decades to approximately 60-70% [3]. Un- 
fortunately, survival outcomes for OS patients 
remain unsatisfactory. Due to the development 
of multidrug resistance (MDR) either intrinsic  
or acquired, the clinical therapy failure and un- 
favorable prognosis always occur in recent 
years [4]. Previous studies have indicated that 
MDR is a complex process involving drug trans-
port and metabolism, DNA synthesis and repair, 
cell survival and apoptosis, genetic and epigen-
etic changes [5-7].

MicroRNAs, a class of 18-24 nucleotides small 
endogenous noncoding RNAs, play important 
roles in a wide array of biological processes 
through inhibiting gene expression by target- 
ing mRNAs for translational repression and/or 

cleavage [8, 9]. Recently, increasing studies 
have suggested that microRNAs are associ- 
ated with the chemoresistance and act as 
potential oncogenes or tumor suppressors in a 
variety of cancer cell types, including OS. For 
example, high expression of miR-33a promotes 
OS cell resistance to cisplatin by down-regu- 
lating TWIST [10]. Besides, Zhang et al. found 
that miR-301a promoted HMGCR expression 
and enhanced resistance of OS cells to doxoru-
bicin by targeting AMP-activated protein kinase 
alpha 1 [11]. Moreover, overexpression of miR-
30a reduced chemoresistance of OS cells th- 
rough downregulating autophagy by targeting 
Beclin-1 [12]. Taken together, these studies 
indicate that miRNA might be a promising can-
didate target to develop novel therapeutic strat-
egy to overcome drug resistance.

In the present study, we reported that miR-320 
was downregulated in both SaOS-2 and U2OS 
MTX resistant cells compared with normal OS 
cells. Overexpression of miR-320 could sup-
press chemoresistance of the OS cells and pro-
mote cell apoptosis by targeting XIAP.
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Materials and methods

Cell lines and cell culture

OS cell lines SaOS-2 and U2OS were purchas- 
ed from the American Type Culture Collection 
(ATCC; Manassas, Virginia, USA). Cells were cul-
ture in the Dulbecco’s modified Eagle’s medium 
(DMEM, Gibco, GrandIsland, NY) with 10% fetal 
bovine serum (FBS; Gibco, GrandIsland, NY), 
100 U penicillin/ml and 100 μg streptomycin/
ml at 37°C in a humidified atmosphere with  
5% CO2.

Establishment of OS drug resistant cell lines

OS cell lines SaOS-2 and U2OS were pulse ex- 
posed to gradually increasing concentrations of 
MTX until the cells were accommodated in the 
continuous presence of 2 µg/ml MTX. To main-
tain the MDR phenotype, 1 µg/ml MTX was 
added to the culture media. The new OS drug-
resistant cell lines generated in this way were 
named SaOS-2/R and U2OS/R, respectively.

Real-time polymerase chain reaction (RT-PCR)

The total RNA was isolated using TRIzol rea- 
gent (Invitrogen, USA). First-strand cDNA was 
generated using the reverse-transcriptional  
kit (Takara Bio, Tokyo, Japan) according to the 
manufacturer’s protocol. The qRT-PCR assays 
were performed in the StepOneTM Plus Real 
Time PCR system (Applied Biosystems, Foster 
City, CA, USA) using SYBR PrimeScript RT-PCR 
Kit (Takara Bio, Japan). The miR-320 relative 
expression level of each group was calculated 
using the 2-∆∆ct method and normalized using 
RNU6B as endogenous reference genes. PCR 
was performed in triplicate.

Transfection with miR-320 mimics or siRNA 
specific to XIAP

Cells were plated in six-well plates at a  
density of 2 × 105 cells/well and transfect- 
ed with LipofectamineTM 2000 Reagent (Invi- 
trogen, CA, USA) following the manufacturer’s 
protocol. MiR-320 mimics, miRNA negative 
control, XIAP siRNA as well as siRNA negative 
control, were designed and synthesized by 
Shanghai GenePharma Company (Shanghai, 
China).

In vitro drug sensitivity assay

After 24 h transfection, 1 × 104 SaOS-2/R and 
U2OS/R cells were seeded into 96-well plates. 

According to the peak plasma concentration 
(PPC) (MTX 1.5, ADM 0.5, DDP 2.5, IFO 5.0, and 
EPI 0.8 µg/ml), 7 concentration gradient experi-
mental wells and a control well were estab-
lished of 1000, 100, 10, 1, 0.1, 0.01, 0.001, 
and 0 PPC. After 24 h incubation, cell viability 
was assessed by MTT assay. Absorbance value 
at 490 nm was then measured. The concentra-
tion at which each drug produced 50% inhibi-
tion of growth (IC50) was estimated by the rela-
tive survival curve.

Cell apoptosis analysis

SaOS-2/R and U2OS/R were plated in 6-well 
plates (6 × 105 cells/well). After 24 h transfec-
tion, SaOS-2/R and U2OS/R cells were treat- 
ed with MTX, with final concentration of 320 
µg/ml and 100 µg/ml, respectively. Cell apop-
tosis was analyzed 48 h after the treatment of 
MTX using staining with Annexin V and PI (BD 
Bioscience, San Jose, CA, USA) according to  
the manufacturer’s specifications.

Luciferase reporter assay

A fragment of the 3’-UTR of XIAP containing  
the putative target sites for the miR-320 was 
designed and synthesized and then cloned  
into the pMIR-REPORT luciferase reporter vec-
tor (Ambion, San Diego, CA) at the HindIII and 
SpelI sites. All PCR products were verified by 
DNA sequencing. For luciferase reporter as- 
says, the constructed luciferase reporter plas-
mid, β-galactosidase (β-gal) and miR-320 min-
ics or the negative control were co-transfected 
into SaOS-2/R and U2OS/R cells using Lipo- 
fectamine 2000. After 48 h transfection, lucif-
erase activity was measured according to the 
manufacturer’s protocols. The luciferase activ-
ity was normalized to β-gal.

Western blot analysis

After 72 h transfection, cells were harvested 
and homogenized with RIPA lysis buffer. Total 
protein was separated by denaturing 10% sodi-
um dodecyl sulphate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) and then transferred  
to polyvinylidene difluoride (PVDF) membranes 
(Millipore, USA). The membranes were block- 
ed with 5% nonfat milk in Tris-buffered saline 
Tween (TBST) buffer for 2 h at room tempera-
ture and incubated with primary antibodies 
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against XIAP (Abcam, Cambridge, MA, 1:1000), 
caspase-3 (Abcam, Cambridge, MA, 1:1000), 
bax (Abcam, Cambridge, MA, 1:1000), bcl-2 
(Abcam, Cambridge, MA, 1:1000) or β-actin 
(Abcam, Cambridge, MA, 1:5000) overnight at 
4°C followed by incubation with horseradish 
peroxidase (HRP)-conjugated secondary anti-
bodies for 1 h at room temperature. The protein 
expression levels were normalized using β-actin 
and then determined by densitometry scans 
and calculated using Quantity One software 
(Bio-Rad Co., USA).

Statistical analysis

All experimental values were performed inde-
pendently at least three times. Data are ex- 
pressed as means ± SD. Statistical analysis 
was performed by using the Graph-Pad Prism 
Software. The difference between means was 
analyzed with Student’s t test. P value < 0.05 
was considered significant.

Results

The expression of miR-320 and XIAP in SaOS-
2/R and U2OS/R cells

To examine the possible role of miR-320 in the 
development of MDR in human OS cell lines, we 

first established OS MDR cell lines SaOS-2/R 
and U2OS/R by pulse exposure of gradually 
increasing concentrations of MTX. Next we per-
formed qRT-PCR analysis in OS MDR cell lines 
and parental normal OS cell lines. As shown in 
Figure 1A, the expression levels of miR-320 
was significantly downregulated in SaOS-2/R 
and U2OS/R cells compared with those in 
SaOS-2 and U2OS, respectively. Contrary to 
miR-320, XIAP expression level was significant-
ly upregulated in OS MDR cells compared with 
those of controls (Figure 1B).

Both overexpression miR-320 and knockdown 
XIAP sensitize SaOS-2/R and U2OS/R cells to 
anti-cancer drugs, respectively

To assess the effect of miR-320 and XIAP  
on the drug resistance, MTT assay was per-
formed in SaOS-2/R and U2OS/R cells. As 
shown in Figure 2A and 2B, miR-320 mimics 
could greatly enhance drug susceptibility to 
MTX, ADM, DDP, IFO and EPI in both SaOS-2/ 
R and U2OS/R cells compared with the nega-
tive control, respectively. Meanwhile, SaOS-2/ 
R and U2OS/R cells transfected with XIAP 
siRNA were more sensitive to those anti-cancer 
drugs, compared with the negative control, re- 
spectively (Figure 2C and 2D).

Figure 1. Expression of miR-320 and XIAP in SaOS-2/R and U2OS/R cells. A: Relative expression of miR-320 in 
SaOS-2/R and U2OS/R cells, compared with SaOS-2 and U2OS. B: Relative expression of XIAP in SaOS-2/R and 
U2OS/R cells, compared with SaOS-2 and U2OS. Data are expressed as means ± SD of three independent experi-
ments. *P < 0.05 compared with SaOS-2 and U2OS.
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Overexpression miR-320 and knockdown XIAP 
sensitize SaOS-2/R and U2OS/R cells to MTX-
induced apoptosis, respectively

To further determine the role of miR-320 and 
XIAP in cell apoptosis, we analyzed MTX-in- 
duced apoptosis after transfection with the 
miR-320 mimics or XIAP siRNA in SaOS-2/R 
and U2OS/R cells by flow cytometry. As shown 
in Figure 3A, in both SaOS-2/R and U2OS/R 
cells, the proportion of apoptotic cells trans-
fected with miR-320 mimics was significantly 

increased in comparison with the negative con-
trol. Moreover, knockdown of XIAP could pro-
mote SaOS-2/R and U2OS/R cell apoptosis 
compared with the negative control (Figure 3B).

miR-320 directly targets the 3’UTR of XIAP 
and regulates cell apoptosis-related proteins 
expression in OS MDR cells

To investigate whether XIAP is a direct target  
of miR-320 in OS MDR cells, the 3’UTR of XIAP 
was predicted to harbor a potential miR-320 

Figure 2. Both overexpression miR-320 and knockdown XIAP sensitize SaOS-2/R and U2OS/R cells to anti-cancer 
drugs, respectively. A: In SaOS-2/R cells those transfected with miR-320 mimics exhibited greatly enhanced sensi-
tivity to MTX, DDP, ADM, IFO and EPI, compared with the miRNA mimic control transfected cells. B: In U2OS/R cells, 
those transfected with miR-320 mimics exhibited greatly enhanced sensitivity to MTX, DDP, ADM, IFO and EPI, com-
pared with the miRNA mimics control transfected cells. C: Knockdown XIAP sensitized SaOS-2/R cells to MTX, DDP, 
ADM, IFO and EPI, compared with the negative control. D: Knockdown XIAP sensitized U2OS/R cells to MTX, DDP, 
ADM, IFO and EPI, compared with the negative control. Data are expressed as means ± SD of three independent 
experiments. *P < 0.05 compared with the negative control group.
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Figure 3. Overexpression miR-320 and knockdown XIAP sensitize SaOS-2/R and U2OS/R cells to MTX-induced 
apoptosis, respectively. A. In both SaOS-2/R and U2OS/R cells, flow cytometry assay showed a marked increase 
of apoptosis in miR-320 mimics-transfected cells after MTX treatment, compared with the miRNA mimic control 
transfected cells. B. Knockdown XIAP sensitized SaOS-2/R and U2OS/R cells to MTX-induced apoptosis. The results 
shown represent the mean ± SD from 3 independent experiments. *P < 0.05 compared with the negative control 
group.
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binding site by microRNA.org (Figure 4A). Then 
we constructed a luciferase reporter of the 
3’-UTR of XIAP containing the putative target 
sites for the miR-320. Luciferase reporter vec-

tors together with the miR-320 mimics or the 
negative control were transfected into SaOS-
2/R and U2OS/R cells, respectively. In both 
SaOS-2/R and U2OS/R cells, a significant de- 

Figure 4. miR-320 directly targets the 3’UTR of XIAP and regulates cell apoptosis-related proteins expression in OS 
MDR cells. A. The miR-320 targets on XIAP were predicted using microRNA.org. B. The gene expression of XIAP was 
detected by qRT-PCR in SaOS-2/R and U2OS/R cells. C. Luciferase reporter assays in SaOS-2/R cells. D. Luciferase 
reporter assays in U2OS/R cells. E. The protein expression of XIAP was determined by Western blot in SaOS-2/R 
cells. F. The protein expression of XIAP was determined by Western blot in U2OS/R cells. Data are expressed as 
means ± SD of three independent experiments. *P < 0.05 compared with the negative control group.
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crease in relative luciferase activity was ob- 
served when pMIR-REPORT-XIAP-3’-UTR was 
co-transfected with the miR-320 mimics com-
pared with the negative control, respective- 
ly (Figure 4C and 4D). However, there was no 
correlation between miR-320 and XIAP expre- 
ssion in mRNA level (Figure 4B). As shown in 
Figure 4E and 4F, a reduction of XIAP and bcl-2 
protein expression was observed in OS MDR 
cells transfected with miR-320 mimics, while 
the expression of caspase-3 and bax was in- 
creased.

Discussion

Several studies have demonstrated that miR-
320 was involved in various types of disease. It 
has been reported that miR-320 inhibits cell 
growth and proliferation in human leukemia 
cells by targeting TfR-1 [13], suppresses tumor 
angiogenesis in oral squamous cell carcinoma 
by targeting NRP1 [14], regulates the resis-
tance of pancreatic cancer cells to gemcita- 
bine through SMARCC1 [15], modulates endo-
thelial cell migration and tube formation in re- 
cipient endothelial cells by targeting Hsp20 
[16]. Besides, miR-320 was also shown to inhi- 
bit OS cells proliferation by directly targeting 
fatty acid synthase [17]. However, the relation-
ship between miR-320 and MDR in OS cells  
has not been extensively studied.

In the present study, we found that there is  
an inverse relationship between the expression 
of miR-320 and XIAP in the established OS 
MDR cell lines SaOS-2/R and U2OS/R. Besides, 
either overexpression miR-320 or knockdown 
XIAP could sensitize SaOS-2/R and U2OS/R 
cells to anti-cancer drugs, respectively. When 
transfected with the miR-320 mimics or XIAP 
siRNA in SaOS-2/R and U2OS/R cells, the pro-
portion of apoptotic cells was significantly in- 
creased compared with that in the nagetive 
control group. To investigate whether XIAP is  
a direct target of miR-320, we analysed their 
association through bioinformatics software 
(MicroRNA.org). The results of luciferase assay 
and western blot further confirmed that miR-
320 could directly interact with XIAP and affect 
the expression of cell apoptosis-related pro-
teins. Taken together, we reasonably speculate 
that miR-320 is an important regulator of MDR 
and cell apoptosis in OS.

The anti-apoptosic ability partially caused by 
MDR is a hallmark of cancer therapy, which 

enables cells to overcome many of the cyto- 
toxic effects of chemotherapeutic agents [18]. 
XIAP, the most potent caspase inhibitor, belongs 
to the cellular member of the inhibitor of apop-
tosis protein family, Previous reports have dem-
onstrated that XIAP was significantly upregu-
lated in several types of human cancers, includ-
ing breast cancer [19], cervical cancer [20], 
ovarian cancer [21], and rectal cancer [22]. In 
addition, McManus et al. found that loss of  
XIAP protein expression by either RNAi or anti-
sense approaches increases cancer cell sus-
ceptibility to functionally diverse chemothera-
peutic agents [23]. Moreover, XIAP and its neg-
ative regulatory factors such as XIAP-associated 
factor 1 (XAF1), Smac/DIABLO and HtrA2/Omi, 
may be a promising therapeutic target for the 
treatment of malignant tumor [24-27].

In conclusion, for the first time we have shown 
a close link between miR-320 and XIAP in OS 
MDR cells, in which overpression of miR-320 
suppressed the MDR and promoted cell apop-
tosis of OS MDR cell lines by targeting XIAP. 
Targeting the MDR-related miRNAs, such as 
miR-320, may be another promising method  
to enhance the effect of clinical treatment for 
OS patients.

Acknowledgements

We thank all the staff in the department of 
orthopedics of Tianjin Third Central Hospital  
for their help on the manuscript.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Han Jiang, Depart- 
ment of Orthopedics, Tianjin Third Central Hospital, 
Tianjin 300170, China. Tel: (86) 22-84112048; Fax: 
(86) 22-84112048; E-mail: baku0909@126.com 

References

[1]	 Meyers PA, Schwartz CL, Krailo M, Kleiner- 
man ES, Betcher D, Bernstein ML, Conrad E, 
Ferguson W, Gebhardt M, Goorin AM, Harris 
MB, Healey J, Huvos A, Link M, Montebello  
J, Nadel H, Nieder M, Sato J, Siegal G, Weiner 
M, Wells R, Wold L, Womer R, Grier H. Oste- 
osarcoma: a randomized, prospective trial of 
the addition of ifosfamide and/or muramyl tri-
peptide to cisplatin, doxorubicin, and high-

mailto:baku0909@126.com


miR-320 inhibits osteosarcoma multidrug resistance

375	 Int J Clin Exp Pathol 2017;10(1):368-376

dose methotrexate. J Clin Oncol 2005; 23: 
2004-2011.

[2]	 Meyers PA, Schwartz CL, Krailo MD, Healey  
JH, Bernstein ML, Betcher D, Ferguson WS, 
Gebhardt MC, Goorin AM, Harris M, Kleiner- 
man E, Link MP, Nadel H, Nieder M, Siegal  
GP, Weiner MA, Wells RJ, Womer RB, Grier HE; 
Children’s Oncology Group. Osteosarcoma: the 
addition of muramyl tripeptide to chemothera-
py improves overall survival-a report from the 
Children’s oncology group. J Clin Oncol 2008; 
26: 633-638.

[3]	 Marina N, Gebhardt M, Teot L, Gorlick R. 
Biology and therapeutic advances for pediatric 
osteosarcoma. Oncologist 2004; 9: 422-441.

[4]	 Chou AJ and Gorlick R. Chemotherapy resis-
tance in osteosarcoma: current challenges 
and future directions. Expert Rev Anticancer 
Ther 2006; 6: 1075-1085.

[5]	 Rabik CA and Dolan ME. Molecular mecha-
nisms of resistance and toxicity associated 
with platinating agents. Cancer Treat Rev 
2007; 33: 9-23.

[6]	 Krishna R and Mayer LD. Multidrug resistance 
(MDR) in cancer. Mechanisms, reversal using 
modulators of MDR and the role of MDR modu-
lators in influencing the pharmacokinetics of 
anticancer drugs. Eur J Pharm Sci 2000; 11: 
265-283.

[7]	 Shen J, Wang Q, Hu Q, Li Y, Tang G, Chu PK. 
Restoration of chemosensitivity by multifunc-
tional micelles mediated by P-gp siRNA to re-
verse MDR. Biomaterials 2014; 35: 8621-
8634.

[8]	 Brennecke J, Hipfner DR, Stark A, Russell RB, 
Cohen SM. Bantam encodes a developmen-
tally regulated microRNA that controls cell pro-
liferation and regulates the proapoptotic gene 
hid in drosophila. Cell 2003; 113: 25-36.

[9]	 Bartel DP. MicroRNA target recognition and 
regulatory functions. Cell 2009; 136: 215-
233.

[10]	 Zhou Y, Huang Z, Wu S, Zang X, Liu M, Shi  
J. miR-33a is up-regulated in chemoresistant 
osteosarcoma and promotes osteosarcoma 
cell resistance to cisplatin by down-regulating 
TWIST. J Exp Clin Cancer Res 2014; 33: 12.

[11]	 Zhang Y, Duan G and Feng S. MicroRNA-301a 
modulates doxorubicin resistance in osteosar-
coma cells by targeting AMP-activated protein 
kinase alpha 1. Biochem Biophys Res Commun 
2015; 459: 367-373.

[12]	 Gu X, Li JY, Guo J, Li PS, Zhang WH. Influence  
of miR-451 on drug resistances of paclitaxel-
resistant breast cancer cell line. Med Sci Monit 
2015; 21: 3291-3297.

[13]	 Schaar DG, Medina DJ, Moore DF, Strair RK, 
Ting Y. miR-320 targets transferrin receptor 1 
(CD71) and inhibits cell proliferation. Exp 
Hematol 2009; 37: 245-255.

[14]	 Wu YY, Chen YL, Jao YC, Hsieh IS, Chang KC, 
Hong TM. miR-320 regulates tumor angiogen-
esis driven by vascular endothelial cells in oral 
cancer by silencing neuropilin 1. Angiogenesis 
2014; 17: 247-260.

[15]	 Iwagami Y, Eguchi H, Nagano H, Akita H,  
Hama N, Wada H, Kawamoto K, Kobayashi  
S, Tomokuni A, Tomimaru Y, Mori M, Doki Y. 
miR-320c regulates gemcitabine-resistance in 
pancreatic cancer via SMARCC1. Br J Cancer 
2013; 109: 502-511.

[16]	 Wang X, Huang W, Liu G, Cai W, Millard RW, 
Wang Y, Chang J, Peng T, Fan GC. Cardio- 
myocytes mediate anti-angiogenesis in type  
2 diabetic rats through the exosomal transfer 
of miR-320 into endothelial cells. J Mol Cell 
Cardiol 2014; 74: 139-150. 

[17]	 Cheng C, Chen ZQ and Shi XT. MicroRNA-320 
inhibits osteosarcoma cells proliferation by di-
rectly targeting fatty acid synthase. Tumour 
Biol 2014; 35: 4177-4183.

[18]	 Reed JC. Apoptosis-targeted therapies for can-
cer. Cancer Cell 2003; 3: 17-22.

[19]	 Ren Y, Han X, Yu K, Sun S, Zhen L, Li Z, Wang S. 
microRNA-200c downregulates XIAP expres-
sion to suppress proliferation and promote 
apoptosis of triple-negative breast cancer 
cells. Mol Med Rep 2014; 10: 315-321. 

[20]	 Liu S, Zhang P, Chen Z, Liu M, Li X, Tang H. 
MicroRNA-7 downregulates XIAP expression to 
suppress cell growth and promote apoptosis  
in cervical cancer cells. FEBS Lett 2013; 587: 
2247-2253.

[21]	 Zhang X, Huang L, Zhao Y, Tan W. Downregu- 
lation of miR-130a contributes to cisplatin re-
sistance in ovarian cancer cells by targeting 
X-linked inhibitor of apoptosis (XIAP) directly. 
Acta Biochim Biophys Sin (Shanghai) 2013; 
45: 995-1001.

[22]	 Flanagan L, Kehoe J, Fay J, Bacon O, Lindner 
AU, Kay EW, Deasy J, McNamara DA, Prehn JH. 
High levels of X-linked inhibitor-of-apoptosis 
protein (XIAP) are indicative of radio chemo-
therapy resistance in rectal cancer. Radiat 
Oncol 2015; 10: 131.

[23]	 McManus DC, Lefebvre CA, Cherton-Horvat G, 
St-Jean M, Kandimalla ER, Agrawal S, Morris 
SJ, Durkin JP, Lacasse EC. Loss of XIAP protein 
expression by RNAi and antisense approach- 
es sensitizes cancer cells to functionally di-
verse chemotherapeutics. Oncogene 2004; 
23: 8105-8117.

[24]	 Yu LF, Wang J, Zou B, Lin MC, Wu YL, Xia HH, 
Sun YW, Gu Q, He H, Lam SK, Kung HF, Wong 
BC. XAF1 mediates apoptosis through an extra-
cellular signal-regulated kinase pathway in co-
lon cancer. Cancer 2007; 109: 1996-2003.

[25]	 Siegelin M, Touzani O, Toutain J, Liston P, Rami 
A. Induction and redistribution of XAF1, a new 
antagonist of XIAP in the rat brain after tran-



miR-320 inhibits osteosarcoma multidrug resistance

376	 Int J Clin Exp Pathol 2017;10(1):368-376

sient focal ischemia. Neurobiol Dis 2005; 20: 
509-518. 

[26]	 Martinez-Ruiz G, Maldonado V, Ceballos-Can- 
cino G, Grajeda JP, Melendez-Zajgla J. Role  
of Smac/DIABLO in cancer progression. J Exp 
Clin Cancer Res 2008; 27: 48.

[27]	 Yang X, Xing H, Gao Q, Chen G, Lu Y, Wang  
S, Ma D. Regulation of HtrA2/Omi by X-linked 
inhibitor of apoptosis protein in chemoresis-
tance in human ovarian cancer cells. Gynecol 
Oncol 2005; 97: 413-421.


