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 The results of numerous studies have revealed that autophagy(a 

physiological cellular process for the degradation and elimination of 

misfolded proteins and damaged organelles that functions in adaptation to 

starvation, development, cell death, and tumor suppression) affect cancer 

cell viability and treatment with anticancer agents, also some cancer related 

gene(ex:cdkn2a, atumor suppressor gene) were affected (decrease or 

increase) as a results when the cancer cell were treated with anticancer 

agents, or with anticancer plus autophagy inhibitor or inducer agent the 

viability of the cell will decrease or increase and the tumor suppressor gene 

also affected. in the present study, the in vitro cytotoxicity effects of 

different drug (cisplatin, metformin and hydroxychloroquine) was 

measured by using crystal violet technique, the results showed significant 

(p ≤0.005) anticancer activity on colorectal cancer SW480 cell line and 

lung cancer A549 cell line at different concentrations. In the present study, 

firstly an attempt has made to exam the effect of different agents on lung 

cancer A549 cell line and colorectal cancer SW480 cell line. Experiments 

done over incubation period 24 hours after exposure to different agents. 
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International License. 

 

 

1. INTRODUCTION 

Autophagy is a complex cellular process that appears to serve multiple roles depending on the cancer type 

and physiologic context. In established cancers, autophagy is believed to promote growth by allowing cancer 

cells to survive metabolic stress as the tumor microenvironment becomes hypoxic, acidotic and nutrient 

deprived [1]. This effect is the cytoprotective function, which is a drug resistance mechanism resulting in a 

clinical obstacle to successful cancer treatment and leads to a poor prognosis of the patients. The cancer cells 

initiate autophagy to escape from the damage of drugs or radiation [1]. Certain clinical drugs and agents in 

development have cytoprotective autophagy effects, targeting autophagic pathways has emerged as a 

potential smarter strategy for cancer therapy. Efforts to inhibit treatment-induced autophagy has therefore 

attracted great interest to improve cancer therapy efficiency. By combining the antineoplastic agents, the 

application of autophagy inhibitors is considered beneficial to increase the susceptibility of cancer cells to 

therapeutic agents that induce autophagy. by inhibiting autophagy; cancer cells can then be driven to apoptotic 
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cell death. Therefore, the addition of autophagy inhibition to chemotherapy may improve outcomes by 

promoting apoptotic cell death and decreasing resistance to treatment [2]. Hydroxychloroquine is the most 

commonly studied autophagy inhibitor in cancer and the sole autophagy inhibitor to be studied in clinical 

trials. Hydroxychloroquine is inexpensive, has high oral bioavailability and has an established safety profile 

due to use for treatment of malaria, lupus, and rheumatoid arthritis, facilitating its use in patients with lung 

and pancreatic cancer. hydroxychloroquine functions as a lysosomal inhibitor by blocking acidification of the 

lysosome, thereby preventing fusion of the autophagosome, inhibiting breakdown of its contents and blocking 

autophagy. Because it is a late inhibitor of autophagy, chloroquine treatment results in accumulation of 

autophagosomes and results in an increase in the autophagy marker LC3-II [3]. 

 

Metformin was firstly used in the popular medicine as a synthetic derivative of guanidine against symptoms 

of diabetes and soon became a first-line drug against type 2 diabetes (T2D) with a mechanism of action 

involving the pharmacological activation of AMPK. Later, analyses of retrospective data from patients 

affected by T2D indicated that metformin was associated with a 30% reduction in cancer incidence. As 

extensively recently reviewed, the cancer prevention effect of metformin was associated with autophagy 

induction in premalignant cell. This suggest that metformin may prevent cancer cell promotion or 

angiogenesis by autophagy induction effect so metformin could induce autophagic cell death during tumor 

promotion. But the classical experimental approach demonstrate the activation of autophagy lead to drug 

resistance in cancer treatment [4]. Despite autophagy induction by metformin is considered a survival 

mechanism for cancerous cells in the hostile tumor microenvironment, it could prevent chronic tissue stress 

that can induce cellular damage to proteins, organelles and DNA, inhibiting cancer initiation and progression 

[4]. Cisplatin is clinically proven to combat different types of cancers including sarcomas, cancers of soft 

tissue, bones, muscles, and blood vessels. Although such cancers have recently received better prognosis and 

therefore have become less life threatening, significant challenges remain with regard to their cure. Also, 

because of drug resistance and considerable side effects, combination therapy of cisplatin with other cancer 

drugs have been applied as novel therapeutic strategies for many human cancers [5]. 

 

2. Materials and Methods 

 

2.1 Chemicals 

Cisplatin, metformin and hydroxychloroquine from Sigma-Aldrich. Dimethyl sulfoxide (DMSO) from Roth 

(Germany)Phosphate buffer saline(PBS) packets from BioPLUS (USA). RPMI 1640 medium w/L-glutamine, 

25mM HEPES (powder) from Gibco (UK). 

 

2.2 Stock solution preparation 

2.2.1 Preparation of cisplatin stock solution 

Stock solution of cisplatin was prepared from accurately weighed (1mg) pure powder dissolved in water (1ml) 

and from this stock a serial dilution was made. This solution can kept and still stable at temperature 2-8°C. 

 

2.2.2 Preparation of metformin stock solution. 

Stock solution of metformin was prepared from weighed (1mg) pure powder dissolved in (1ml) double 

distilled water and from this stock a serial dilution was made. This solution can kept and still stable at 

temperature -20°C. 

 

2.2.3 Preparation of hydroxychloroquine stock solution 

Stock solution of hydroxychloroquine was prepared from weighed (1mg) pure powder dissolved in (1ml) 

double distilled water with and from this stock a serial dilution was made. 

https://www.teikyomedicaljournal.com/
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2.2.4 Preparation of A549 cell Line and SW480 Cell Lines for Cytotoxicity Assay 

A549 cell Line and SW480 cell lines in the frozen vials obtained from tissue culture laboratory in the College 

of Medicine / University of Babylon.  growth was maintained in a 25 ml culture flask, with a complete growth 

medium containing 10% FBS and antibiotics and incubated at 37˚C, after that thawing of A549 cell Line and 

SW480 cell lines was done, then Harvesting and Sub-Culturing of A549 cell Line and SW480 Cell Line. 

Finally 96-well plates were seeded with cancer cells in a seeding density of 5*105 that were prepared for 

treatment with Cisplatin, metformin and hydroxychloroquine. 

 

2.2.5 Effect of Cisplatin, metformin and hydroxychloroquine on SW480 and A549 cell line 

The 96 well plates were seeded with human colorectal sw480 cells and another 96 well plates were seeded 

with non-small cell lung cancer A549 cells in seeding density of 5*10 and the wells of the plate (except one 

column from each plate which left without treatment as a control), exposed to 200 µL of six serial dilutions 

of cisplatin as follow (750, 375, 187.5, 93.75, 46.875 and 23.437 µg/ml). Other plates exposed to 200 µL of 

six combination of metformin 10 µg/ml and six serial dilution of cisplatin and the effect of cisplatin in 

combination with low concentration of metformin. The final plates exposed to 200 µL of six combination of 

hydroxychloroquine 25 µg/ml and six serial dilution of cisplatin as follow (750, 375, 187.5, 93.75, 46.875 

and 23.437). Then the plates were covered with the plastic lid and incubated for 24 hours. Afterward, the 

plates were washed with 200 µl of a sterile PBS, and the effect of the cisplatin on A549 cell line and sw480cell 

lines growth was assessed by crystal violet assay. Statistical analysis all data were collected and analyzed by 

Microsoft Office Excel 2010 and Sigma plot version 13 software. ANOVA test was used to assess significant 

differences among the means of data, where the p-value (p≤0.001, p≤0.05) were considered to statistically 

significant. 

 

3. Results 

 

3.1 The effect of cisplatin alone on A549 cell line and SW480 cell lines 

The results showed that there was significant) p<0.05) decrease in the viability percentage of SW480 cell line 

for all concentration in comparison with control group. While there was significant (p<0.05) decrease in 

viability percentage of A549 cell line in all concentration used of cisplatin except (23.347, 46. 875) µg/ml as 

shown in figure 1. 

 

3.2 The effect of metformin 10 microgram /ml in combination with cisplatin on A549 cell line and SW480 

cell line after incubation for 24 hours 

The result showed that there was significant (p<0.05) decrease in viability percentage of SW480 cell line at 

all concentrations of cisplatin with constant concentration of metformin (10 µg/ml). While there was 

significant (p<0.05)   decrease in viability percentage of A549 cell line at higher concentrations of cisplatin 

(750, 375, 187.5 and 93.75 µg/ml) and constant concentration of metformin in comparison with the control 

but no significant (p<0.05) decrease in viability percentage at lower concentrations (46.875 and 23.437 µg/ml) 

of cisplatin as shown in figure 2. 

 

3.3 The effect of hydroxychloroquine 25 microgram ̸ ml in combination with cisplatin on A549 cell lines 

The result of combination of hydroxychloroquine and cisplatin at different concentration showed that there 

is significant (p<0.05) decrease in viability percentage of both A549 and SW480 cell line with all 

concentrations of cisplatin and constant concentration of hydroxychloroquin (25 µg/ml) in comparison with 

the control group as shown in figure 3. 

 

4. Discussion 
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Cisplatin, or cis-diamminedichloroplatinum (II), is situated as a metallic (platinum) coordination compound 

with a square planar geometry. It is one of the most-effective chemotherapeutic agents that has been approved 

for the treatment of various malignant tumors. The anticancer effects of cisplatin were explained by its 

capacity to crosslink with the purine bases on the DNA and form DNA inter-/intra-strand crosslinks in cancer 

cells, resulting in interfering with DNA repair mechanisms, causing DNA damage, and subsequently inducing 

apoptosis in cancer cells. Oxidative stress is one of the most cytotoxic effects of cisplatin functions [6]. The 

classical view on cisplatin cytotoxic activity emphasizes its interaction with DNA. Cisplatin forms different 

types of adducts with DNA (monoadducts, intrastrand crosslinks, DNA-protein crosslinks) triggering DNA 

damage response, cell cycle arrest, and apoptosis. Additionally, the role of mitochondrial damage resulting 

in excessive reactive oxygen species (ROS) generation and lipid peroxidation was highlighted. Altogether 

these cellular events trigger intrinsic (mitochondrial) apoptotic pathway characterized with cytochrome c 

release and apoptosome formation leading to caspase activation. Cisplatin was also implicated in cell 

membrane fluidification which triggers non-specific Fas receptor activation and leads to extrinsic apoptotic 

pathway. Other mechanisms of cisplatin toxicity involve disruption of calcium signaling and Na+/H+ 

membrane pump and Na+/K+ ATPase inhibition. Additionally due to its great reactivity cisplatin may bind 

to various proteins including enzymes thus modulating their activity [7]. In tumors, autophagy is activated in 

areas of hypoxia and sustains tumor cell survival under metabolic stress conditions. Thus, autophagy 

induction seen in response to anticancer agents and by autophagy inducer mostly represents a survival 

mechanism activated to counteract the deleterious effects of endogenous metabolic stress and possibly also 

treatment on tumor cells. On the other hand, when autophagy proceeds to completion, cell death ensues raising 

the possibility that excessive autophagy induced by drugs can potentially result in tumor cell elimination [8]. 

 

This result agree with [9] that Saied combination therapy is an important strategy to improve therapeutic 

outcomes and reduce the toxic side effects of anticancer drugs. Recent studies have established that metformin 

effectively inhibits cell proliferation as a promising therapeutic agent for cancer, and increases the apoptotic 

sensitivity to other chemotherapeutic drugs. In this study, metformin was combined with cisplatin and 

evidently increase inhibition of cell viability and apoptosis of SW480 and SW620 cells, compared to 

treatment with metformin or cisplatin alone. Saladini et al. showed that metformin in micromolar (5–30 μM) 

concentrations effectively sensitized breast and cervical cancer cell lines towards cisplatin. This was 

associated with a increase in cisplatin-induced autophagy and increased apoptosis. Metformin alone was also 

capable of triggering those changes and inhibited cell proliferation, however to a lesser extent. The action of 

micromolar concentrations of metformin was independent of ATP production alteration and AMPK/mTOR 

pathway [7]. In NSCLC cell lines H1650 and A549 metformin has been shown to regulate the balance of 

death and survival, via strong inhibition of drug-induced multi-nuclei formation (mitotic catastrophe) and 

simultaneously elevating autophagy marker LC3B expression. Consequently, these cells have a chance to 

initiate a transition to resistance. through examining morphological and biological changes, they analyzed the 

occurrence of autophagy in drug-treated cells in comparison to chloroquine (CQ) treatment as a positive 

control. Microtubule-associated protein light chain 3 (LC3B) is a specific marker used to monitor autophagy 

initiation. Immunofluorescence (IF) analysis revealed that after metformin (5µg and 20µg) treatment the 

intensity of LC3B was markedly increased in all tested cell lines over DMSO. While treatment with cisplatin 

dramatically increased multi-nuclei formation, which is a hallmark of cell death through mitotic catastrophe, 

this effect was prevented by the combination with metformin. this abrogation of multinucleated cells was 

clearly seen in H1650 and A549 cells [10]. Taken together, there is evidence that metformin may directly 

modify and inhibit drug-induced lung cancer cell apoptosis via enhancing LC3B expression and 

autophagosome formation to shift cells towards autophagy. This effect might temporarily prevent cancer cells 

from apoptosis via cellular compensation of energy deprivation, or initiate a resistance to drug treatment [10]. 
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The preliminary experiments were set up to screen the responsiveness of various cancer cell lines to combined 

cisplatin/metformin treatment. To that end, we incubated U251 glioma, C6 glioma, SHYS5Y neuroblastoma, 

L929 fibrosarcoma, HL-60 leukemia and B16 melanoma cells with cisplatin (25 µg/ml), metformin (4 µg/ml), 

or both drugs together for 24 h. Expectedly, cisplatin reduced viability of all tested tumour cell lines, as 

revealed by a decrease in MTT reduction and increase in LDH release. Metformin also reduced mitochondrial 

dehydrogenase activity in tumour cell cultures, but did not increase LDH release even after prolonged 

incubation (48 h; data not shown). As LDH release occurs in dead cells as a consequence of cell membrane 

disruption, it appears that metformin-mediated inhibition of MTT reduction was due to a decrease in cell 

proliferation and consequent reduction in total mitochondrial number, rather than to induction of cell death. 

Surprisingly, when both drugs were applied together, metformin markedly reduced cisplatin cytotoxicity 

towards U251, C6, SHYS5Y, L929 and HL-60 cells. On the other hand, metformin increased cisplatin-

mediated killing of B16 melanoma cells (Fig. 1C, D). These data indicated that metformin could antagonize 

the in vitro anticancer activity of cisplatin in a cell- specific manner. U251 glioma cells, being most responsive 

to metformin-mediated cytoprotection, were selected to further explore this phenomenon. Additional 

experiments in which U251 cells were treated with the constant dose of cisplatin and different doses of 

metformin, and vice versa, confirmed the cytoprotective effect of metformin, which remained evident after 

48 h. In conclusion, our data demonstrate that the antidiabetic drug metformin can rescue cancer cells from 

cisplatin-induced oxidative stress and apoptosis through modulation of AMPK, autophagy or ERK. Although 

the fact that these results were obtained in cultured tumour cell lines calls for caution in their interpretation, 

it nevertheless seems that metformin might not be a plausible candidate to enhance cisplatin sensitivity, at 

least in some types of cancer. Moreover, this study brings into question the benefit of parallel usage of both 

drugs in patients who simultaneously suffer from cancer and diabetes, a not-so-rare occurrence considering 

that more than 7% of adults in developed countries have type 2 diabetes and therefore increased risk from 

cancer [11]. Indeed, autophagy induction is spatially localized to hypoxic tumor regions and may signify 

differential cancer cell dependence on autophagy for survival under stressful conditions. Both radiation and 

chemotherapy commonly induce autophagy, primarily as a stress- relieving and prosurvival function that is 

critical for cancer cell viability; in such cases, genetic or pharmacologic autophagy inhibition preferentially 

sensitizes cancer cells to treatment. 

 

These findings are currently under clinical investigation with several studies examining whether 

pharmacologic inhibition of autophagy with the anti-malaria and non-specific autophagy inhibitor 

hydroxychloroquine augments the efficacy of standard anticancer regimens [12]. [13] deployed an autophagy 

inhibitor to determine its role in the antineoplastic properties of cisplatin and found that its combination with 

hydroxychloroquine significantly enhanced the anti- proliferative effect on lung cancer cells compared to 

cisplatin alone in A549 cells and A549/DDP cells. hydroxychloroquine induced a prominent sensitization 

effect of cisplatin on A549 cells. Autophagy and apoptosis are highly interconnected but this relationship has 

not been well elucidated. Thus, conclude that autophagy appears to have a prosurvival role in protecting lung 

adenocarcinoma cells from a cisplatin-mediated anti-proliferation effect and causing resistance to cisplatin. 

Autophagy could regulate degradation, recycle the damaged cytoplasmic contents, and prevent cisplatin-

induced DNA damage. BC001 is a novel fully humanized monoclonal antibody of vascular endothelial 

growth factors receptor 2 (VEGFR2). [14] reported that HCQ enhanced the antiproliferative and proapoptotic 

properties of BC001 in vitro, and promoted the antitumor effects of BC001 on a BGC823 cell-based xenograft 

tumor in vivo. the data also revealed that BC001 did not influence autophagy, whereas HCQ could inhibit 

autophagy by impairing autophagosome fusion with lysosomes and induced severe ultrastructural changes, 

which may contribute to the impaired fusion. HCQ alone could inhibit gastric cancer cell line BGC823 cells 

in a dose-dependent manner, with a half-inhibitory concentration of 52.95±6.82 µg/ml. In addition, the results 

from RTCA data showed that BC001 (20 µg/ml) or HCQ (5 µg/ml) alone could decrease the cell index; the 
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cell index of cells treated by HCQ and BC001 combined was the lowest, indicating that BC001 and HCQ 

could inhibit BCG823 proliferation. Of note, HCQ significantly enhanced the anti-proliferative effect of 

BC001. In addition, they investigated whether HCQ could promote BGC823 apoptosis together with BC001. 

Cell apoptosis was analyzed by fluorescence-activated cell sorting using after treatment with HCQ, BC001 

alone or in combination. The results revealed that BC001 did not appear to significantly promote apoptosis 

compared with the control, while HCQ could enhance apoptosis induced by BC001. And the result is also 

agree with (15) when Two malignant glioma cell lines [U87MG, T98G] were treated with chemotherapeutic 

agents alone or with anti-malaria drug hydroxychloroquine. Cells were incubated with drugs for 24 hours. 

Following the 24-hour incubation, drug sensitivity assays were performed using 3-[4,5-dimethyl-2-thiazol-2-

yl] 2,5- diphenyltetrazolium bromide [MTT] assay following optimization of experimental conditions for 

each cell lines and cell viability was calculated. Results: In all of four chemotherapeutic agents [doxorubicin. 

vincrisitne, nimustine, and cisplatin], the cell viability was found to be markedly decreased when 

hydroxychloroquine was co-administered on both U87MG and T98G cell lines [15]. 

 

5. Conclusion 

autophagy and its inducers and inhibitors effect to prevent cancer promotion, enhance anticancer activity and 

to overcome resistance in therapeutic strategy of cancer treatment as the study found that autophagy inhibitor 

hydroxychloroquine enhance anticancer activity and improve therapeutic effect of cisplatin while autophagy 

induction with metformin act as cytoprptective mechanism, delay anticancer activity of cisplatin and can lead 

to resistance. The study may be helpful in new drugs application to alleviate the autophagy-related therapeutic 

resistance. 
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