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ABSTRACT 
Autophagy is a self-energy supplier process response to stressful or 
fasting conditions where cell degrades and recycles intracellular 
constituents as an alternative way of energy source. Unfortunately 
Autophagy process play important role in tumor cell resistance to 
anticancer drugs. Osteosarcoma is the most commonly diagnosed 
primary malignant tumor of the bone. The present study evaluates 
the role of Autophagy inhibitor hydroxychloroquine (HCQ) on 
doxorubicin-induced cell death in Osteosarcoma cell line (MG-63). 
The results of current study found that doxorubicin induced 
Autophagy in Osteosarcoma (MG-63) cells, exhibiting an increased 
microtubule associated protein 1 light chain 3 (LC3)level, a decrease 
in SQSTM1 (p62) level, moreover using of Autophagy modulator 
increased in generation of reactive oxygen species (ROS) and 
decreased Autophagy activity and increased Osteosarcoma-cell 
death. 

 
Although doxorubicin-induced cell death was enhanced by combined 
with HCQ but at high concentration of doxorubicin the cytotoxicity 
was decreased with increased Autophagy activity. These finding 
suggest that Autophagy attenuate cytotoxicity effect of doxorubicin 
by decreasing level of ROS, while HCQ improved doxorubicin-
cytotoxicity on Osteosarcoma by inhibiting of Autophagy process.  
Keywords: Osteosarcoma, Autophagy, doxorubicin, 
hydroxychloroquine, MG-63. 
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INTRODUCTION 
Autophagy is a natural, regulated, intracellular recycling 

system by which cells decay and recycle those cytoplasmic 

components through the lysosome-dependent path Cao, 

2017. Autophagy has a definitive role in regulating cellular 

homeostasis and plays a pivotal function in disease 

conditions Islam, 2017. Although cancerous cells often show 

deregulation of Autophagy, the two roles of Autophagy; as 

tumor suppressor and tumor promoter, have been 

supported by numerous scientific researches. The role of 

Autophagy depends on type of tumor, stage of disease and 

conditions of tissue Cheong, 2012 [1]. Osteosarcoma is the 

most commonly diagnosed primary malignant tumor of the 

bone. In addition to over 56% of all bone tumors, 

Osteosarcoma is the third most frequent cause of cancer in 

adolescents Yang, 2017. The distal femur and proximal tibia 

are most frequently involved bones and is thought to be 

more frequent in males than females Smeland, 2019. 

Approximately 8.7 per million in persons fewer than 20 

years suffer from Osteosarcoma Zamborsky, 2019. The 5-

year survival rate of patient with a non-metastatic disease is 

65-70 %, but its only 20% for patient with metastatic disease 

Camuzard, 2019. Chemotherapy: Depending on the stage of 

Osteosarcoma at time of diagnosis, chemotherapy is 

routinely used to treat patients with advanced Osteosarcoma 

Jain, 2016. The most commonly used chemotherapeutic 

agents are high-dose Methotrexate, doxorubicin, cisplatin, 

and ifosfamide Mustafa, 2018. Doxorubicin: Doxorubicin is 

anthracyclines member has broad spectrum of anticancer 

activity, currently is the most effective chemotherapeutic 

drug used to treat many forms of cancers Christowitz, 2019. 

Although doxorubicin is one of two only cytotoxic single 

agents with objective response rates over 10% Chugh, 2015, 

but there is Osteosarcoma resistance to doxorubicin. This 

resistance may related to the ATP-binding cassette (ABC) 

transporters mediated drug efflux Yang, 2014; Lovitt, 2018. 

However the mechanisms of resistance to doxorubicin in 

human may be caused by: 

- Increased efflux of doxorubicin out of tumor cell 

- More efficient intracellular detoxification of 

tumor cell 

Alterations of topoisomerase II and increased repair of 

damaged DNA, He, 2014; Yang, 2014). Additionally He 

review observed diverse studies indicate that type II 

programmed cell death (Autophagy) mediates drug 

resistance of cancers cells, the cytotoxic drugs like 

doxorubicin, Methotrexate and cisplatin induce protein 

expression of high-mobility group box 1 (HMGB1) which 

induce Autophagy (He, 2014; Kim, 2015).  Autophagy 

Inhibition in Cancer Therapy: In the last decades 

Autophagy pathway becomes a targeting as line of treatment 

of cancer. However this line confronts challenges due to its 

variant and opposite roles of Autophagy in tumor formation 

and progression Cheong, 2012 [2], Autophagy inhibitor plus 

cytotoxic drug combination is attractive line of cancer 

treatment, which depend on ability of Autophagy to 

increase ability of cancer cell to survive in stressful 

conditions. So inhibition of Autophagy will increase the 

cytotoxic effect of anticancer drugs in eradication of cancer 

cell Amaravadi, 2011. Hydroxychloroquine: HCQ is a well-

described ant malarial drug, its derivative of chloroquine 

and has the same effect but less toxic and more tolerable 
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than parent drug chloroquine Xu, 2016. HCQ has long been 

used in prophylaxis and treatment of parasites falciparum 

malaria Adeel, 2012. Most patients of rheumatoid arthritis 

and SLE use HCQ Jorge, 2018. Recently HCQ used as 

Autophagy inhibitor and its only drug established to use as 

Autophagy inhibitor in clinical study Xu, 2018. HCQ 

inhibits Autophagy by stabilized lysosome enzymes via 

increase the pH in the lumen of lysosome vesicles Morgan, 

2014. The role of Autophagy inhibitors in cancer treatment 

renders HCQ as one of common item of anticancer 

combination in clinical trials Jones, 2019.  

 

MATERIAL AND METHODS 
Cell culture: MG-63 human Osteosarcoma cells were kindly 

provided by cell culture unit of Babylon medical college, 

Babylon University. This line was seeded in Roswell park 

memorial institute (RPMI-1640) medium (Gibco, UK) 

supplemented with 10% fetal bovine serum (Gibco, UK) 

with different concentrations of doxorubicin (Ebewe, 

Austria), and/or hydroxychloroquine (HCQ) (Bristol lab, 

UK), at 37ºC in a humidified chamber with 5% carbon 

dioxide.  

 

Cell viability assay 

Cell viability was measured using a 3-(4, 5-dimethylthiazol-

2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay (Fluka, 

Switzerland). Cells of Osteosarcoma were seeded in 96-well 

plates and grown to 70% confluence. Doxorubicin plus 

100µm HCQ was added to culture medium at the indicated 

concentration (Osteosarcoma MG-63 cell line was already 

pretreated with 100µm HCQ for 3 hours). After 24 hours 

twenty micro liters of MTT (5mg/ml) was added to each 

well, then the 96 well plates was incubated at 37ºC, then 

after 4hours150 µl of DMSO was added to adherent cells of 

each well for dissolving of crystal. Then the luminescence of 

each well was measured using a micro plate reader Human, 

Germany at a wavelength (570 nm). 

 

Measurement of intracellular reactive oxygen species 

(ROS) 

The intracellular ROS were measured by human reactive 

oxygen species ELISA kit. This kit was purchased from 

bioassay technology laboratory (Shanghai, China). Human 

Osteosarcoma cells were cultured in 96 wells plate, then 

when growth were reaching 70% confluence, the cells were 

treated by experimental drugs and incubated for 24 hours at 

37ºC. Then cell lysate of wells transported into kit wells 

which has been pre-coated with human ROS antibody, so 

ROS present in sample bound to pre-coated antibody, then 

the biotinylated human ROS antibody was added and 

followed by Streptavidin-HRP which bound to biotinylated 

ROS antibody and incubated for 60 minutes at 37ºC. then 

unbound Streptavidin-HRP was removed by washing step, 

then substrates of coloring reaction were added for a couple 

of minutes and followed by termination of reaction and 

optical density  (which proportion to the amount of human 

ROS) was measured by micro plate reader (Bio Tek, USA) at 

450 nm. Measurement of levels of microtubule associated 

protein 1 light chain 3 alpha (MAP1LC3a) and 

sequestosome 1 (P62) by ELISA kits:  

Human Osteosarcoma cells were cultured in 96 wells plate, 

then when growth were reaching 70% confluence, the cells 

were treated by experimental drugs and incubated for 24 

hours at 37ºC. Then cell lysate of wells were used for 

measuring of LC3 and P62 by ELISA kits, and these kits 

were purchased from cloud- clone corp. (USA).The 

measurement of levels of two Autophagy markers LC3 and 

P62 were performed according to manufacture protocol of 

kits: cat no SEL701Hu for LC3 and cat no SED198Hu for 

P62.  

 

Statistical Analysis 

Statistical package for social sciences (SPSS) version 23 was 

used for statistical analysis. Results were analyzed using one-

way analysis of variance (ANOVA) for multiple 

comparisons and LSD post-hoc test. The results variability 

was expressed as mean± standard error of mean (SEM). P 

value of 0.05 was considered statistically significant.  

 

RESULTS 
Autophagy attenuates the anticancer effect of doxorubicin 

against Osteosarcoma cell line (MG-63): An Osteosarcoma 

cell line (MG-63) was chosen to investigate the effect of 

Autophagy on Osteosarcoma treatment. MTT assay was 

used to reveal the inhibitory effect of doxorubicin with and 

without Autophagy inhibitor HCQ against MG-63 cell line. 

The data of figure (1) reveals that the cytotoxic effects of 

serial concentrations of doxorubicin (100, 50, 25, 12.5, 6.25 

and 3.125 µg/ml) (after 24hours incubation) on the 

Osteosarcoma cell line (MG-63) were significantly increased 

versus the control group(p < 0.001). Further it showed the 

best effect at high concentration or in other word the 

percentage of cells viability of Osteosarcoma cell line MG-63 

decreases with increasing of doxorubicin concentration. To 

modulate the role of Autophagy in reducing the inhibitory 

effect of doxorubicin we treated MG-63 cell line with 100µm 

HCQ as an Autophagy inhibitor for three hours before 

exposure to combination of serial concentrations of 

doxorubicin and 100µm HCQ (incubation for 24 hours) 

then assess the inhibitory effect of combination by MTT test 

and results was represented by figure (2) which shows a 

significant decrease in percentage of cell viability of  MG-63 

at all concentrations of doxorubicin (100, 50, 25, 12.5, 6.25 

and 3.125 µg/ml)  plus 100µm of HCQ (after 24hours 

incubation) with comparison to control group (p < 0.001). 

The figure also showed decreasing of inhibitory effect with 

increasing of concentration and the best effect was observed 

at low concentrations (3.125, 6.25 and 12.5 µg/ml). While 

the figure (3) shows that HCQ was significantly enhances 

the cytotoxic effect of doxorubicin at lower concentrations 

(3.125 and 50 µg/ml (p =0.03)) and (6.25, 12.5 and 25 µg/ml 

(p < 0.001)) and not significantly difference at concentration 

(100 µg/ml) in comparison with non-pre-treated MG-63 cell 

line. Although HCQ is Autophagy inhibitor but we have to 

detect the activity of Autophagy, so the Autophagy markers 

MAP1LC3 (LC3) and SQSTM1 (P62) have been used as 

Autophagy indicators. LC3 is one important protein 

required by Autophagy process and its recruited to the 

autophagosomal membrane. The increment of LC3 

expression indicates induction of Autophagy activity 
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(Weinberger al., 2011). LC3 plays vital role in mediation the 

specificity of targeting cargo for clearance of waste product. 

Also many Autophagy proteins like Sequestosome 1 

(P62/SQSTM1) are recognized by Autophagy substrates as 

cargo receptors for same process (Goldsmith et at., 2014). A 

decrease in P62 expression indicates early Autophagy 

degradation (Lin et al., 2017). The present study explained 

the effect of tested drugs on these two markers and figures 

(4 to 5) reveal these finding. The figure (4) shows there was 

a significant decrease in level of LC3 of HCQ pre-treated 

mg-63 cell line at all concentrations of doxorubicin (100, 50, 

25, 12.5, 6.25 and 3.125 µg/ml) with except low 

concentration in comparison with non HCQ pre-pretreated 

MG-63 cell line (p < 0.001). The figure (5) shows there level 

P62 of HCQ pre-treated MG-63 cell line was a significantly 

higher at all concentrations (100, 50, 25, 12.5, and 6.25 

µg/ml) with except low concentration in comparison with 

non HCQ pre-pretreated MG-63 cell line (p < 0.001) and 

non-significant difference at concentration 3.125 µg/ml i.e. 

doxorubicin alone induce Autophagy activity of 

Osteosarcoma MG-63 cell line. 

 

 

 
 

Figure 1: The effect of different concentrations of Doxorubicin on MG-63 cell line (after incubation for 24 hours) versus 

control group represented by mean± SEM (p < 0.001). 

 

 
 

Figure 2: The effect of combination of different concentrations of doxorubicin plus 100 µM HCQ on pre-treated MG-63 cell 

line (after incubation for 24 hours) versus control group represented by mean± SEM (*= P < 0.001),  NS= non-significant 

difference. 
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Figure 3: Comparison the effect of serial concentration of doxorubicin on MG-63 with HCQ versus without HCQ 

represented by mean± SEM (P*=0.03) and (p**< 0.001). 

 

 
Figure 4: The effect of serial concentrations of doxorubicin on level of LC3 of MG-63 with and without HCQ represented by 

mean± SEM (*p<0.001). 

 

 
Figure 5: The effect of serial concentrations of doxorubicin on level of P62 of MG-63 with and without HCQ represented by 

mean± SEM (*p<0.001). 

 

HCQ increases ROS level of doxorubicin-treated-MG-63 

cell line: To confirm the role of Autophagy in decreasing the 

cytotoxicity of doxorubicin by decreasing ROS generation. 

Figure (6) illustrates the levels of ROS of HCQ-pre-treated 

MG-63 cell line was a significantly higher than the levels of 

non HCQ pre-treated MG-63 cell line at concentrations 

(3.125, 6.25, 12.5 and 50 µg/ml) (p < 0.001) and at 

concentration 100 µg/ml (p = 0.002) and non-significant 

difference at concentration 25 µg/ml. 
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Figure 6: The effect of serial concentrations of Doxorubicin on levels of ROS of MG-63 with and without HCQ represented 

by mean± SEM (*p<0.001), (**p=0.002). 

 

DISCUSSION 
The two main obstacles face management of cancerous 

diseases is drug adverse effect and drug resistance. Scientists 

attempt to solve these problems through combination 

treatment Kim, 2015. Combination treatment may enhance 

therapeutic effect of drug Jin, 2019 and reducing of drug 

adverse effect of anticancer drugs via reducing of drug dose 

Daughton and Ruhoy, 2013. The adverse effects are 

responsible for discontinuation a lot of medication Lavan 

and Gallagher, 2016 and even doxorubicin has dose-

dependent adverse effect like cardio toxicity which causes 

cardiomyopathy and leads to congestive heart failure and 

death Carvalho, 2009. One of great challenges faced 

improvement of the prognosis of Osteosarcoma patients is 

the deleterious long-term consequence of doxorubicin 

treatment for Osteosarcoma survival, and doxorubicin 

causes severe cardio toxicity in 28% Osteosarcoma-pediatric 

patients Mandell, 2019. Also tumor resistance has limited 

the effectiveness of the agent in single drug treatment 

regimen Lovitt, 2018.  In addition to adverse effect, 

doxorubicin can induce drug resistance and even tumor 

growth resulting in poor patient prognosis and survival 

Christowitz, 2019. The present study reported new 

combination doxorubicin with HCQ for treatment of 

Osteosarcoma in-vitro study. The Autophagy inhibitor 

(HCQ) enhances sensitivity of Osteosarcoma cell line (MG-

63) to low concentration of doxorubicin. The finding of 

present study was compatible with previous 

recommendation and it observed that cytotoxic effect of 

doxorubicin on Osteosarcoma cell line MG-63 was 

increased directly to concentration of doxorubicin and 

showed the best effect at high concentration. Doxorubicin is 

already member of first line treatment of guideline of 

Osteosarcoma chemotherapy regimens by national 

comprehensive cancer network Zhang Y., 2018. 

Additionally these finding agreed with work of Yang et al. 

who indicated that doxorubicin inhibits the percentage of 

cell viability of Osteosarcoma (MG-63) in concentration-

dependent manner Yang, 2017. The article of Pilco-Ferreto 

is additional assay that consistence with the observation of 

current study, Pilco-Ferreto illustrated that increasing 

concentration of doxorubicin lead to decrease the viability 

of all cell line included in study in a time- and dose-

dependent manner Pilco-Ferreto and Calaf, 2016. The 

mechanism of doxorubicin in decreasing cell viability is: 

1- inhibiting protein synthesis, 

2- Inhibiting topoisomerase-II 

3- Increasing of intracellular free radical generation of 

cancerous cells Wenningmann, 2019. 

Measuring of percentage of cell viability for the HCQ-pre-

treated Osteosarcoma MG-63 cell lines, that treated with 

combination of serial concentration of doxorubicin plus 

100µm of HCQ (after 24hours incubation) revealed that the 

best inhibitory effect was observed at concentrations (3.125, 

6.25, 12.5 and 25 µg/ml) and these four concentrations had 

same cytotoxic effect and better than highest concentration 

100 µg/ml. The present study observed the ability of 

combination of HCQ and doxorubicin in reducing of 

percentage of cell viability of MG-63 cell line specifically at 

low concentrations (3.125, 6.25 12.5 and 25 µg/ml) of 

doxorubicin is better than what produce by doxorubicin 

alone, that means higher cytotoxicity in comparison with 

non-pre-treated MG-63 cell line. These reductions in 

percentage of cell viability of MG-63 indicates enhancement 

of cytotoxicity effect of Doxorubicin by combination with 

HCQ. These suggestion are compatible with work of Gupta's 

team, they mentioned that Autophagy inhibitor HCQ 

increases sensitization of cancerous cells to antitumor agent 

Imatinib Gupta, 2010. In 2018 an article related the ability of 

HCQ in enhancing cytotoxicity effect of antitumor drugs to 

role of HCQ in blocking Autophagy processing at end stage 

through increasing lysosome pH and stabilizing lysosome 

enzymes Xu, 2018. The present study used two Autophagy 

markers (LC3 and P62) to evaluate the effect of study 

reagents including HCQ against Autophagy activity and it 

found that using of combination of HCQ with doxorubicin 

inhibited Autophagy activity by decreasing the level of LC3 

and increase level of P62 Lin, 2017. While doxorubicin that 

did not combined with HCQ showed opposite results of P62 

and LC3 with high Autophagy activity that indicated the 

induction of Autophagy by doxorubicin in concentration-

dependent manner. These finding of current study was 

agreement with a large body of evidences those reported 

many anticancer drugs induce Autophagy, like Bevacizumab 
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and everolimus, Bevacizumab is an ant angiogenesis 

treatment  increases expression of  Autophagy-related genes 

(Beclin1 and LC3) and increases formation of 

autophagosomal in hepatocarcinoma; Bevacizumab causes 

hypoxia and nutrient stress which induce Autophagy Guo, 

2013. While everolimus induces Autophagy activity in 

mantle cell lymphoma which reported by Rosich and his 

coworkers who said that Autophagy processes are used by 

tumor cells to overcome stress conditions like antitumor 

activity and survival Rosich, 2012, also Autophagy processes 

induced in resistant H358 cell line (non-small cell lung 

cancer) by Li, 2013. The present study found ROS 

concentration is high due to low Autophagy activity with 

using of HCQ and consequently resulted low percentage of 

cell viability.  While cell treated with only doxorubicin, 

revealed low ROS concentration due to high Autophagy 

activity that resulted in low inhibitory effect. These result 

indicated the role of Autophagy inhibitor HCQ in 

improving of anticancer drugs which proved previously 

with other type of cancer Barnard, 2014. Although ROS 

generation is a corner stone of antitumor activity of 

doxorubicin Wang, 2004, ROS induces Autophagy activity 

leading to attenuate antitumor activity and increase drug 

resistance Liu, 2015. The present study revealed inversing of 

pattern of concentration-dependent response of 

doxorubicin when combined with HCQ and showed the 

best effect at low concentration and this may be due to 

induction of Notch signaling pathway by doxorubicin in 

concentration-dependent manner and Notch pathway has 

role in cell proliferation as demonstrated by Mei et al, where 

Mei's paper revealed that doxorubicin increases Notch 

target gene expression in Osteosarcoma cell especially at 

high concentration Mei, 2015. On the other hand in 2018 

Schott paper showed the ability of Autophagy inhibitor to 

improve cytotoxicity of doxorubicin against Osteosarcoma 

cell line was decreased with increase concentration of 

doxorubicin Schott, 2018.  

 

CONCLUSION 
Doxorubicin monotherapy induced Autophagy activity of 

Osteosarcoma cell line (MG-63) with low ROS 

concentration. While the Autophagy inhibitor HCQ 

enhances sensitivity of Osteosarcoma cell line MG-63 to 

doxorubicin especially at low concentration of doxorubicin. 

Additionally HCQ reverses the pattern of concentration-

dependent inhibitory response of doxorubicin-treated cell 

line (MG-63).  

 

ACKNOWLEDGMENTS 
The authors thank members of pharmacology and 

therapeutic department of Kufa medical college and 

members of cell culture unit of Babylon medical college for 

their assistant and support. 

 

REFERENCES 
1. Adeel A. A.  (2012) Drug-resistant malaria in Sudan: 

A review of evidence and scenarios for the future, 

Sudanese journal of paediatrics, Vol 12, Issue No. 1.   

2. Amaravadi RK, Lippincott-Schwartz J, Yin X, Weiss 

WA, Takebe N, Timmer W, et al, (2011) Principles 

and current strategies for targeting Autophagy for 

cancer treatment, Clinical Cancer Research, 

17(4):654 666. 

3. Barnard R. A., Wittenburg L. A., Amaravadi R. K., 

Gustafson D. L., Thorburn A. & Thamm D. H., 

(2014), phase I clinical trial and pharmacodynamics 

evaluation of combination hydroxychloroquine and 

doxorubicin treatment in pet dogs treated for 

spontaneously occurring lymphoma. Autophagy, 10:8, 

1415 1425; August. 

4. Camuzard O., Santucci-Darmanin S., Carle G. F., and 

Pierrefite-Carle V. (2019) Role of Autophagy in 

Osteosarcoma, Journal of Bone Oncology 16. 

5. Cao Z., Zhang H., Cai X., et al., (2017), Luteolin 

Promotes Cell Apoptosis by Inducing Autophagy in 

Hepatocellular Carcinoma, Cell Physiol Biochem; 

43:1803-1812. 

6. Carvalho C, Santos R. X, Cardoso S, et al., (2009), 

Doxorubicin: The Good, the Bad and the Ugly Effect, 

Current Medicinal Chemistry, 16, 3267-3285 3267. 

7. Cheong H, Lindsten T, Thompson CB, (2012), 

Autophagy and ammonia. Autophagy; 8(1):122 123. 

8. Cheong H, Lu C, Lindsten T, Thompson CB, (2012), 

therapeutic targets in cancer cell metabolism and 

Autophagy, Nature Biotechnology, 30(7):671 678. 

9. Christowitz C., Davis T., Isaacs A., Niekerk G., 

Hattingh S. and Engelbrecht A., (2019), Mechanisms 

of doxorubicin-induced drug resistance and drug 

resistant tumor growth in a murine breast tumor 

model, BMC Cancer 19:757. 

10. Chugh R., Griffith K. A., Davis E. J., (2015), 

Doxorubicin plus the IGF-1R antibody cixutumumab 

in soft tissue sarcoma: a phase I study using the TITE-

CRM model, Annals of Oncology 26: 1459 1464. 

11. Daughton C. G. and Ruhoy I. S. (2013) Lower-dose 

prescribing: Minimizing, side effects of 

pharmaceuticals on society and the environment, 

Science of the Total Environment 443 324 337. 

12. Goldsmith J, Levine B, and Debnath j., (2014), 

Autophagy and cancer metabolism, Methods 

Enzymol, 542: 25 57. 

13. Guo XL, Li D, Sun K, Wang J, Liu Y, Song JR et al. 

(2013) Inhibition of Autophagy enhances anticancer 

effects of Bevacizumab in hepatocarcinoma, J Mol 

Med (Berl); 91: 473 483. 

14. Gupta A, Roy S, Lazar AJF, Wang WL, McAuliffe JC, 

Reynoso D, et al., (2010), Autophagy inhibition and 

antimalarials promote cell death in gastrointestinal 

stromal tumor (GIST), Proceedings of the National 

Academy of Sciences of the United States of America. 

107(32):14333 14338. 

15. He J., Yang H., Wang X., et al.,  (2014), Review of the 

Molecular Pathogenesis of Osteosarcoma, Asian 

Pacific Journal of Cancer Prevention, Vol 15. 

16. Islam T., Uddin S., Lucky K. N., et al., (2017), 

Autophagy Dysfunction in Type 2 Diabetes Mellitus: 

Pathophysiology and Therapeutic Implications, J 

Diabetes Metab, 8:5. 



Najah R. Hadi et al / The Autophagy Inhibitor Hydroxychloroquine Enhances Sensitivity of Osteosarcoma Cell Line MG – 63 
to Doxorubicin Treatment 

 

69                                                                            Systematic Review Pharmacy                                                  Vol 11, Issue 5, 2020 

17. Jain S. and Kapoor G. (2016) Chemotherapy in 

Osteosarcoma: Current Strategies. Journal of Bone 

and Soft Tissue Tumors, Jan-Apr; 2(1):27-32. 

18. Jin X., Wei Y., Liu Y., Lu X., Ding F., Wang J. and 

Yang S. (2019) Resveratrol promotes sensitization to 

Doxorubicin by inhibiting epithelial‐mesenchymal 

‐catenin signaling 

pathway in breast cancer, Cancer Medicine. 8:1246

1257. 

19. Jones T., Espitia C., Wang W., Nawrocki T. and Carew 

J. (2019) Moving beyond hydroxychloroquine: the 

novel lysosome Autophagy inhibitor ROC‑325 shows 

significant potential in preclinical studies, Cancer 

Communications 39:72. 

20. Kim K., Kim S., Yu S., et al., (2015), Salinomycin 

enhances doxorubicin-induced cytotoxicity in 

multidrug resistant MCF-7/MDR human breast 

cancer cells via decreased efflux of doxorubicin, 

Molecular Medicine Reports 12: 1898-1904. 

21. Lavan A. H. and Gallagher P. (2016) Predicting risk of 

adverse drug reactions in older adults, TherAdv Drug 

Saf, Vol. 7(1) 11 22. 

22. Li Y., Lam S., Mak J., Zheng C., Ho J. (2013) Erlotinib-

induced Autophagy in epidermal growth factor 

receptor mutated non-small cell lung cancer, Lung 

Cancer. 81(3):354 361. 

23. Lin Y., Lin J., Wen S., Yang S., Tsai T., Chen H. et al. 

(2017) Chloroquine and hydroxychloroquine inhibit 

bladder cancer cell growth by targeting basal 

Autophagy and enhancing apoptosis, Kaohsiung 

Journal of Medical Sciences, 33, 215e223. 

24. Liu S. And Li X. (2015) Autophagy Inhibition 

Enhances Sensitivity Of Endometrial Carcinoma Cells 

To Paclitaxel. International Journal of Oncology 46: 

2399-2408. 

25. Lovitt C. J., Shelper T. B. and Avery V. M. (2018) 

Doxorubicin resistance in breast cancer cells is 

mediated by extracellular matrix proteins, BMC 

Cancer 18:41. 

26. Mandell J. B., Lu F.,  Fisch M.,  Beumer J. H.,  Guo J., 

Watters R. J.,  and Weiss K. (2019) Combination 

Therapy with Disulfiram, Copper, and Doxorubicin 

for Osteosarcoma: In Vitro Support for a Novel Drug 

Repurposing Strategy. 

27. Mei H., Yu L., Ji P., Yang J., Fang S., and Guo W, 

(2015), Doxorubicin activates the Notch signaling 

pathway in Osteosarcoma. Oncology Letters 9: 2905-

2909. 

28. Morgan M. J, Gamez G, Menke C, et al. (2014) 

Regulation of Autophagy and chloroquine sensitivity 

by oncogenic RAS in vitro is context dependent, 

Autophagy 10:10, 1814 1826; October. 

29. Mustafa M., Iftikhar H., IIIzam E., Nang M., and 

Sharifa A, (2018), Osteosarcoma: Current treatment 

trends and outcome. IOSR Journal of Dental and 

Medical Sciences, Volume 17, Issue 11 Ver. 2 

(November.), PP 32-38. 

30. Pilco-Ferreto N. and Calaf G. M. (2016) Influence OF 

Doxorubicin on Apoptosis and Oxidative Stress in 

Breast Cancer Cell Lines. International Journal of 

Oncology 49: 753-762. 

31. Rosich L, Xargay-Torrent S, Lo´pez-Guerra M, 

Campo E, Colomer D, Roue´ G. (2012) Counteracting 

Autophagy overcomes resistance to everolimus in 

mantle cell lymphoma. Clin Cancer Res; 18: 5278

5289. 

32. Schott C. R., Ludwig L., Mutsaers A. J., Foster R. A., 

and Wood G. A. (2018) The Autophagy inhibitor 

spautin-1, either alone or combined with doxorubicin, 

decreases cell survival and colony formation in canine 

appendicle Osteosarcoma cells. PLOS ONE, October 

29. 

33. Smeland S., Bielack S., Whelan J., and Bernstein M., 

Hogendoorn P., Krailo M. et al., (2019), Survival and 

prognosis with Osteosarcoma: outcomes in more than 

2000 patients in the EURAMOS-1 (European and 

American Osteosarcoma Study) cohort. European 

Journal of Cancer 109. 

34. Wang S, Konorev E. A., Kotamraju S, et al. (2004) 

Doxorubicin Induces Apoptosis in Normal and 

Tumor Cells via Distinctly Different Mechanisms. The 

journal of biological chemistry, Vol. 279, No. 24, Issue 

of June 11, pp. 25535 25543. 

35. Weidberg H, Shpilka T, Shvets E, Abada A, Shimron 

F, Elazar Z. (2011) LC3 and GATE-16 N termini 

mediate membrane fusion processes required for 

autophagosomal biogenesis. Developmental Cell, 

20(4):444 454. 

36. Wenningmann N., Knapp M., Ande A., Vaidya T. R., 

and Ait-Oudhia S. (2019)   Insights into Doxorubicin-

induced Cardio toxicity: Molecular Mechanisms, 

Preventive Strategies, and Early Monitoring, 

Molpharm. 

37. Xu C, Zhu L, Chan T, et al. (2016) Chloroquine and 

hydroxychloroquine are novel inhibitors of human 

organic anion transporting polypeptide 1a2, Journal of 

Pharmaceutical Sciences 105 884e890. 

38. Xu R., Ji Z., Xu C., Zhu J., (2018), the clinical value of 

using chloroquine or hydroxychloroquine as 

Autophagy inhibitors in the treatment of cancers, A 

systematic review and meta-analysis. Medicine 97:46. 

39. Yang J., Lu C., Kuo S., et al. (2017) Autophagy and its 

link to type II diabetes mellitus, Biomedicine, June, 

Volume 7, Issue 2, e83. 

40. Yang X., Yang P., Shen J., et al., (2014), Prevention of 

multidrug resistance (MDR) in Osteosarcoma by 

NSC23925, British Journal of Cancer 110, 2896 2904. 

41. Zamborskyet R., Kokavec M., Harsanyi S. and 

Danisovic L., (2019), Identification of Prognostic and 

Predictive Osteosarcoma Biomarkers. Med. Sci, 7, 28. 

42. Zhang Y., Yang J., Zhao N., Wang C., Kamar S., Zhou 

Y., et al. (2018) Progress in the chemotherapeutic 

treatment of Osteosarcoma (Review), Oncology 

Letters, 16: 6228-6237. 


