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INTRODUCTION 
 

Oral squamous cell carcinoma (OSCC) is a common 

malignant tumor in the oral cavity [1]. At present, it is 

mainly treated by surgical resection, followed by 

postoperative chemotherapy and radiotherapy [2]. 

Although the treatment of oral cancer has been 

gradually improved, the 5-year survival rate of patients 

with oral cancer has not been significantly improved 

[3]. Cisplatin, as a first-line chemotherapy drug for 

oral cancer, has many disadvantages, such as drug 

resistance, irregular absorption in vivo, short half-life 

and obvious side effects [4, 5]. Therefore, it is urgent 

to improve the sensitivity of oral squamous cell 

carcinoma to cisplatin, prolong the effective 

concentration of cisplatin in vivo and reduce the side 

effects. 

Nano drug has become a promising alternative to 

traditional small molecule chemotherapy [6, 7]. As a kind 

of nanoparticles, PLA nanoparticles can target tumor 

passively or actively without being cleared by the body 

[8]. The design of lactate nanoparticles loaded with 

chemotherapy drugs can effectively target tumor therapy 

and overcome multidrug resistance [9]. This new strategy 

based on PLA nanoparticles can enhance the therapeutic 

effect of tumor chemotherapy and reduce the side effects 

of the body compared with the traditional strategy of 

non-targeted drug combination [10]. 

 

Autophagy is a kind of self-phagocytosis phenomenon 

that widely exists in eukaryotic cells [11]. It is the 

response of cells to endogenous or exogenous 

stimulation, and it participates in the process of 

degradation and recycling of organelles and intracellular 
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UV and visible spectrophotometer. MTT assay was used to detect viability of Cal-27 cells. Annexin/PI staining 
was used to detect cell apoptosis. Biological kits were used to detect malondialdehyde (MDA) content, catalase 
(CAT) activity, antioxidant enzyme superoxide dismutase (SOD) activity and glutathione peroxidase (GSH PX) 
activity in Cal-27 cells. Western blot was used to detect apoptosis and autophagy of Cal-27 cells. 
Results: CDDP/CQ-PLA NPs and CDDP -PLA NPs had good drug loaded nanoparticles and drug release. CDDP/CQ-
PLA NPs showed higher ROS and apoptosis rate, and lower autophagy than CDDP-PLA NPs. 
Conclusion: CDDP/CQ-PLA NPs reduced autophagy and enhanced ROS and apoptosis of Cal-27 cells, which 
shows a potential in the clinical treatment of OSCC. 

mailto:xzisz9cmsvfmp@163.com
https://orcid.org/0000-0001-8835-8362
https://creativecommons.org/licenses/by/3.0/
https://creativecommons.org/licenses/by/3.0/


 

www.aging-us.com 2594 AGING 

macromolecular proteins [12]. At present, autophagy is 

closely related to the occurrence and development of 

tumors, and it has become a hot topic in the field of 

tumor research [13]. It is found that inhibition of 

autophagy can effectively inhibit the growth of OSCC 

[14]. In this study, we found that polylactide 

nanoparticles loaded with cisplatin and chloroquine 

(CDDP/CQ-PLA NPs), an autophagy inhibitor, have 

excellent in vitro release characteristics, and inhibit the 

proliferation of OSCC by promoting oxidative stress 

and apoptosis of cancer cells. 

RESULTS 
 

Synthesis and characterization of CDDP/CQ-PLA NPs 

 

To examine the functional nanoparticles, we performed 

a series of characterization assays. From the TEM 

image, we found that the diameter of CDDP/CQ-PLA 

NP was about 20 nm (Figure 1A). Zeta potential and 

dynamic light scattering measurements were further 

conducted and confirmed successful synthesis of 

CDDP/CQ-PLA NP (Figure 1B, 1C). The drug release 

 

 
 

Figure 1. Synthesis and characterization of CDDP/CQ-PLA NPs. (A) TEM image; (B) Dynamic light scattering measurements; (C) Zeta 

potential; (D) drug release kinetics at 0.5 h, 1 h, 2.5 h, 4 h, 4.5 h, 6 h, 8.5 h, 11.5 h and 24.5 h. 
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kinetics showed that CDDP/CQ-PLA NPs were released 

faster in the acid condition (pH = 5) than neutral 

condition (pH = 7) (Figure 1D). 

 

CDDP/CQ-PLA NPs reduces the viability of OSCC 

cells 

 

To evaluated the cytotoxicity on OSCC cell. We treated 

CAL-27 cells with different concentrations of CDDP/ 

CQ-PLA NPs (0, 5, 10, 20, 40, 80, 160 ug/ml). The 

result of MTT and colony formation showed that 

CDDP/CQ-PLA NPs had more cytotoxicity than  

CDDP -PLA NPs and CDDP. (Figure 2A, 2B and 

Supplementary Figure 1). 

 

CDDP/CQ-PLA NPs induces caspase-dependent 

apoptosis in OSCC cells 

 

In order to explore the action of CDDP/CQ-PLA NPs’ 

cytotoxicity. We examined apoptosis and ROS. As 

shown in Figure 3, CDDP/CQ-PLA NPs leaded to more 

apoptosis than CDDP -PLA NPs and CDDP through 

active caspase-3 (Figure 3A), which was confirmed by 

western blot (Figure 3B and Supplementary Figure 2) 

and indicated that CDDP/CQ-PLA NPs induces 

caspase-dependent apoptosis in OSCC cells.  

 

CDDP/CQ-PLA NPs induces oxidative damage in 

OSCC cells 

 

Furthermore, we found that CDDP/CQ-PLA NPs 

induced more ROS production (Figure 4A and 

Supplementary Figure 3) and MDA (Figure 4B), 

followed by decreased CAT (Figure 4C), SOD (Figure 

4D), and GSH-P activity (Figure 4E), which suggested 

that CDDP/CQ-PLA NPs induces caspase-dependent 

apoptosis through oxidative damage in OSCC cells. 

 

CDDP/CQ-PLA NPs reduces autophagy in OSCC cells 

 

As CQ is an autophagy inhibitor, we examined the 

autophagy change caused by CDDP/CQ-PLA NPs. 

Confocal image show that CDDP/CQ-PLA NPs  

reduced the GFP-LC3 puncta caused by CDDP or CDDP 

-PLA NPs (Figure 5A and Supplementary Figure 4A). 

Western blot showed the consistent results that CDDP/ 

CQ-PLA NPs reduced LC3-II and induced p62 protein 

expression (Figure 5B and Supplementary Figure 4B), 

 

 
 

Figure 2. CDDP/CQ-PLA NPs reduces the viability. (A) Cell viabilities in CAL-27 using MTT assay. (B) Colony forming assays with a 
concentration of 40μg/mL. *P < 0.05. NC: PBS. 
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which indicated that CDDP/CQ-PLA NPs inhibits 

autophagy in OSCC cells. 

 

DISCUSSION 
 

Every year around the world, about 300000 people 

suffer from OSCC [15, 16]. With the advent of new 

chemotherapeutics in recent years, and the improvement 

of drug delivery methods and routes, chemotherapy has 

become one of the important means for the treatment of 

OSCC, which is often used to reduce the volume of 

lesions for surgical resection [17, 18]. Cisplatin is a 

first-line chemotherapeutic drug for clinical use. The 

platinum atom is cross linked with DNA strand, 

 

 
 

Figure 3. CDDP/CQ-PLA NPs induces caspase-dependent apoptosis. (A) Cell apoptosis in CAL-27 using Annexin-V/PI assay; (B) 
Western blot of Bax, Bid, Bim, Bcl-2, Caspase-3, and Caspase-9, β-actin as reference. *P < 0.05, NC: PBS. 
 

 
 

Figure 4. CDDP/CQ-PLA NPs induces oxidative damage. (A) ROS production; (B) MDA activity; (C) CAT activity; (D) SOD activity; (E) 
GSH-P activity; Data are mean ± SD; *P < 0.05, **P< 0.01, NC: PBS. 
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showing cytotoxic effect. As a new drug carrier, lactate 

nanoparticles have been used to support and control the 

release of anticancer drugs in recent years. 

 

In recent years, the development of nanotechnology 

provides a new technology path for anti-tumor 

treatment. PLA nanoparticles can be completely 

degraded and absorbed in the body, without residue and 

side effects [19]. The lactate formed by degradation in 

the body participates in the tricarboxylic acid cycle of 

the human body, and finally becomes CO2 and water. 

In addition, PLA nanoparticles can target tumor 

specifically, so it is very suitable for loading 

chemotherapy drugs for targeted treatment [20, 21]. 

Autophagy as a survival mechanism can protect tumor 

cells from the damage of anti-tumor drugs. When tumor 

cells are exposed to cisplatin, they will produce 

damaged organelles, damaged proteins and other 

harmful components. Lots of studies have proved that 

autophagy can clear the damaged organelles and make 

tumor cells escape death and survive when cisplatin 

chemotherapy kills tumor cells [22, 23]. In addition, 

studies have shown that down-regulation of autophagy 

can enhance the sensitivity of cisplatin chemotherapy 

for oral cancer [24]. In accordance with the previous 

research results, we detected the expression of autophagy 

related genes LC3 and p62, and found that the autophagy 

of CDDP-PLA NPs increased, but CDDP/CQ-PLA NPs 

significantly inhibited the proliferation of tumor. 

 

Reactive oxygen species (ROS) is a general term for the 

oxygen-containing compounds produced by cells in the 

process of metabolism, which can regulate the activity of 

various molecules and signal transduction pathways in 

cells [25]. Cui Q and other research results show that a 

small amount of ROS can be used as signal molecules to 

mediate signal transduction pathways, participate in 

inflammatory and immune responses, and play a 

protective role on cells [25]. Under normal physiological 

conditions, ROS in cells is regulated and maintained in a 

balanced state by the intracellular antioxidant system. 

After CDDP enters cells, it can promote the oxidative 

stress response of cells and lead to the accumulation of 

ROS in cells by damaging the electron transport chain of 

mitochondrial respiration. In the body, antioxidant system 

(SOD, GSH, etc.) can remove excess ROS to maintain the 

 

 

Figure 5. CDDP/CQ-PLA NPs reduces autophagy. (A) Immunofluorescence confocal image of LC3; (B) Western blot of p62, LC3-I, and 
LC3-II, actin as reference. *P < 0.05, NC: PBS. 

 

 

Figure 6. Proposed signaling mechanism for CDDP/CQ-PLA NPs in OSCC. 
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balance of redox reaction. Present results showed that the 

content of ROS and SOD decreased significantly, while 

the content of GSH and MDA increased significantly. It is 

suggested that the combination of drugs can inhibit the 

activity of antioxidant enzymes, lead to the disorder of 

intracellular redox level, promote the enhancement of 

lipid peroxidation, and cause apoptosis. 

 

In conclusion, we found that PLA nanoparticles loaded 

with cisplatin and chloroquine, an autophagy inhibitor, 

had excellent in vitro release characteristics, and 

inhibited the proliferation of OSCC by promoting 

oxidative stress and apoptosis of cancer cells. However, 

the specific mechanism of the drug's inhibition of 

cancer cell survival through which signal transduction 

pathway is not clear (Figure 6).  

 

In the future, we plan to further examine the specific 

mechanisms of autophagy and oxidative stress-related 

signaling pathways of the drug in vivo and in vitro. 

Cancer stem cells (CSCs) are a subgroup of cells with 

self-renewal and differentiation potential in tumor 

tissues. The existence of CSCs is the fundamental cause 

of the failure of traditional treatment and tumor 

recurrence. Considering the important role of CSC [26], 

we aimed to explore the effect of CDDP/CQ-PLA NPs 

on CSC. 

 

CONCLUSION 
 

In conclusion, CDDP/CQ-PLA NPs has good drug-

loaded and drug-release characteristics. In Cal-27 cells, 

CDDP/CQ-PLA NPs can reduce autophagy and 

enhance ROS and apoptosis, which shows a potential in 

the clinical treatment of OSCC. 

 

MATERIALS AND METHODS 
 

Materials 

 

Antibody against Bax, Bid, Bim, Bcl-2, caspase-3, 

caspase-9, p62, LC3, β-actin were purchase from 

Abcam company. 

 

Cell culture 

 

OSCC cell line, CAL-27 purchased from ATCC were 

cultured in DMEM with 10%FBS and 1% penicillin-

streptomycin at 37° C, 5% CO2 condition. 

 

Preparation of CDDP/CQ-PLA NPs 

 

Cisplatin (Sigma, USA) is dissolved in 1 mL of 
anhydrous methanol, and then the above cisplatin 

solution and 3mL of PEG-PLA (Sigma, USA) solution 

dissolved in chloroform are uniformly mixed (the ratio of 

lipid material to cisplatin is 5: 1). Then the mixed 

solution of cisplatin and PEG-PLA were transferred into 

an eggplant bottle, and the organic solvent was removed 

by a vacuum rotary evaporator to form a dry drug lipid 

film at the bottom of the bottle. Subsequently, 2mL PBS 

buffer solution was added to dissolve the drug lipid 

membrane, and the drug lipid membrane was hydrated in 

a water bath at 60° C for 30 minutes. The hydrated 

solution was filtered through polycarbonate membrane 

(FormuMax Scientific, USA) with a pore diameter of 0.2 

micron to obtain cisplatin polylactic acid nanoparticles 

(CDDP-PLA NPs) solution [27]. CDDP/CQ-PLA NPs 

were prepared using the same method above using 

cisplatin and chloroquine instead of cisplatin. PLA NPs 

were prepared using the same method above using no 

drug instead of cisplatin. 

 

Surface morphology, ζ-potential and particle size 

 

Transmission electron microscopy (TEM) and dynamic 

light scattering (DLS) were used to detect the 

morphological characteristics and particle size 

parameters of drug-loaded nanoparticles. The 

nanoparticle solution was diluted with deionized water. 

Then we dropped 10 μL of sample onto a carbon-coated 

copper mesh, dried overnight at room temperature, and 

volatilized excess water. The sample then was re-dyed 

with 5 μL of 1% uranyl acetate solution for 30 seconds, 

and filter paper was used to suck the dyeing solution, 

the sample was dried at 42° C with a constant 

temperature dryer. The morphology of the sample was 

observed with a transmission electron microscope 

(Tecnai G2 20 STWIN). Different nano micelle 

solutions were diluted to 0.25 mg/mL with deionized 

water, and 1mL sample was taken to measure the 

hydration diameter and Zeta potential of nano particles 

with a laser particle sizer (Zetasizer 5000) [28]. 

Determination conditions: laser wavelength 633nm, 

angle 90, temperature 25° C. 

 

Drug loading and encapsulation efficiency 

 

DMF was used to dissolve the nanoparticles. The 

absorbance at 703nm was measured by ultraviolet 

spectrophotometer for cisplatin content and 330nm for 

chloroquine content. The following equation was 

applied: 

 

EE % Wt / Ws 100 %=   

 

LC % Wt / Wo 100 %=   

 
Note: EE: encapsulation efficiency; LC: loading 

content; Wt: Amount of drug encapsulated in 

nanoparticles; Wo: Initial Dosage of Drugs; Ws: 

Number of Freeze-dried Nanoparticles. 
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Drug release kinetics 

 

4 mg of cisplatin-chloroquine polylactic acid 

nanoparticles (CDDP/CQ-PLA NPs) were dissolved in 

the solution, and then put into PBS (pH=5.0) that added 

HCl and PBS (pH=7.4) to simulate tumor metaacid 

intracellular body (pH=5.0) and neutral blood 

environment (pH=7.4), respectively. Then the suspension 

was transferred into a dialysis bag with a rejection of 3 

kDa, and immersed in 20 ml PBS, and incubated at 37° C 

for 100 rpm under shaking [29].  5 ml of the release 

solution was taken out every 1 hour. The absorbance at 

703nm was measured with an ultraviolet 

spectrophotometer for the content of cisplatin, and the 

absorbance at 330nm was measured with a visible 

spectrophotometer for the content of chloroquine.  At the 

same time, the same volume of new PBS solution was 

added to the release medium [30]. The drug 

concentration and cumulative release were calculated. 

 

Colony-forming assays/ cytotoxicity study 

 

OSCC cell line CAL-27 was cultured overnight in  

96-well plates and treated with the following groups:  

(1) NC group (PBS); (2) PLA NPs; (3) cisplatin; (4) 

CDDP-PLA NPs; (5) CDDP/CQ-PLA NPs. Set the 

concentration range according to cisplatin concentration: 

5,10,20,40,80,160 μg/mL. Action time: 24h. At a specific 

concentration of cisplatin, MTT and colony forming 

assays were used to verify the different cell viability and 

proliferation among the groups. At 72 h after treatment, 

we measured the OD value of MTT (DUOXI, China) and 

took pictures of colony forming assay. 

 

Apoptosis analysis 

 
CAL-27 cells were seeded in 6-well plates and attached 

overnight, then treated with the following groups: (1) 

NC group (PBS); (2) PLA NPs; (3) cisplatin; (4) 

CDDP-PLA NPs; (5) CDDP/CQ-PLA NPs. After 

treatment with 40ug/ml cisplatin and continuous culture 

for 24h, Annexin/PI staining (Abcam, UK) was used to 

detect cell apoptosis. 

 
Assessment of oxidative damage 

 
Biochemical kits were used to detect malondialdehyde 

(MDA) content, catalase (CAT) activity, antioxidant 

enzyme superoxide dismutase (SOD) activity and 

glutathione peroxidase (GSH-Px) activity in CAL-27 

cells. Kits can be purchased from Nanjingjiancheng 

company. 

 
DCFH-DA purchased from Biyuntian company. is used 

as fluorescent probe and laser confocal microscope is 

used to detect ROS generation. 

Western blot analysis 

 

Total protein was collected from cells with RIPA lysis 

Mix (Beyotime, China). The protein extract was 

separated on SDS-PAGE gel and transferred to 

nitrocellulose membrane (Pierce, USA).  The membrane 

was sealed with skim milk (Abbexa, UK) and incubated 

overnight with primary antibody.  The membrane was 

then incubated with horseradish peroxidase-bound IgG 

(Proteintech, USA).  Enhanced chemiluminescence 

(Pierce, USA) is used to detect signals. 

 

Immunofluorescence confocal laser microscopy 

 

CAL-27 cells were cultured on coverslips at a density of 

5×104 cells/well in 500 μL of complete medium 

(Hyclone, USA). After treatments, immunofluorescence 

analyses were carried out as previously described using 

LC3 antibodies. Cells were examined under an 

Olympus FV1000 confocal laser microscope (Tokyo, 

Japan). 

 

Statistical analysis 

 

Results are expressed as mean values ± standard 

deviation. Statistical analyses were assessed with 

Student’s test and one-way ANOVA using GraphPad 

Prism 7.0 and SPSS19.0. P values of less than 0.05 were 

considered significant. 

 

AUTHOR CONTRIBUTIONS 
 

Qiang Li and Xia Liu designed the study; Wei Yan 

performed experiments; Yong Chen collected and 

analysed data; Wei Yan and Yong Chen wrote the 

manuscript. 

 

CONFLICTS OF INTEREST 
 

The authors declare that they have no conflicts of 

interest. 

 

REFERENCES 
 
1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. 

CA Cancer J Clin. 2019; 69:7–34. 
 https://doi.org/10.3322/caac.21551 PMID:30620402 

2. Chi AC, Day TA, Neville BW. Oral cavity and 
oropharyngeal squamous cell carcinoma—an update. 
CA Cancer J Clin. 2015; 65:401–21. 

 https://doi.org/10.3322/caac.21293 PMID:26215712 

3. Thomson PJ. Perspectives on oral squamous cell 
carcinoma prevention-proliferation, position, 
progression and prediction. J Oral Pathol Med. 2018; 
47:803–07. 

https://doi.org/10.3322/caac.21551
https://pubmed.ncbi.nlm.nih.gov/30620402
https://doi.org/10.3322/caac.21293
https://pubmed.ncbi.nlm.nih.gov/26215712


 

www.aging-us.com 2600 AGING 

 https://doi.org/10.1111/jop.12733  
PMID:29752860 

4. de Castro G Jr, Alves GV, Castro AF, Chaves AL, De 
Marchi P, de Oliveira TB, Dias FL, Guindalini RS, Nicolau 
UR, Soares A, Mora PA. Criteria for eligibility to 
cisplatin in the curative treatment of head and neck 
cancer: consensus opinion from a panel of experts. Crit 
Rev Oncol Hematol. 2018; 131:30–34. 

 https://doi.org/10.1016/j.critrevonc.2018.08.009 
PMID:30293703 

5. Sun CY, Zhang QY, Zheng GJ, Feng B. Phytochemicals: 
current strategy to sensitize cancer cells to cisplatin. 
Biomed Pharmacother. 2019; 110:518–27. 

 https://doi.org/10.1016/j.biopha.2018.12.010 
PMID:30530287 

6. Dai L, Si C. Recent advances on cellulose-based nano-
drug delivery systems: design of prodrugs and 
nanoparticles. Curr Med Chem. 2019; 26:2410–29. 

 https://doi.org/10.2174/0929867324666170711131353 
PMID:28699504 

7. Jeevanandam J, Chan YS, Danquah MK. Nano-
formulations of drugs: recent developments, impact 
and challenges. Biochimie. 2016; 128:99–112. 

 https://doi.org/10.1016/j.biochi.2016.07.008 
PMID:27436182 

8. George A, Shah PA, Shrivastav PS. Natural 
biodegradable polymers based nano-formulations for 
drug delivery: a review. Int J Pharm. 2019; 561:244–64. 

 https://doi.org/10.1016/j.ijpharm.2019.03.011 
PMID:30851391 

9. Peltonen L. Practical guidelines for the characterization 
and quality control of pure drug nanoparticles and 
nano-cocrystals in the pharmaceutical industry. Adv 
Drug Deliv Rev. 2018; 131:101–15. 

 https://doi.org/10.1016/j.addr.2018.06.009 
PMID:29920294 

10. Peres C, Matos AI, Conniot J, Sainz V, Zupančič E, Silva 
JM, Graça L, Sá Gaspar R, Préat V, Florindo HF. 
Poly(lactic acid)-based particulate systems are 
promising tools for immune modulation. Acta 
Biomater. 2017; 48:41–57. 

 https://doi.org/10.1016/j.actbio.2016.11.012 
PMID:27826003 

11. Bishop E, Bradshaw TD. Autophagy modulation: a 
prudent approach in cancer treatment? Cancer 
Chemother Pharmacol. 2018; 82:913–22. 

 https://doi.org/10.1007/s00280-018-3669-6 
PMID:30182146 

12. Folkerts H, Hilgendorf S, Vellenga E, Bremer E, 
Wiersma VR. The multifaceted role of autophagy in 
cancer and the microenvironment. Med Res Rev. 2019; 
39:517–60. 

 https://doi.org/10.1002/med.21531  
PMID:30302772 

13. Russo M, Russo GL. Autophagy inducers in cancer. 
Biochem Pharmacol. 2018; 153:51–61. 

 https://doi.org/10.1016/j.bcp.2018.02.007 
PMID:29438677 

14. Cosway B, Lovat P. The role of autophagy in squamous 
cell carcinoma of the head and neck. Oral Oncol. 2016; 
54:1–6. 

 https://doi.org/10.1016/j.oraloncology.2015.12.007 
PMID:26774913 

15. Hayes RB, Ahn J, Fan X, Peters BA, Ma Y, Yang L, Agalliu 
I, Burk RD, Ganly I, Purdue MP, Freedman ND, Gapstur 
SM, Pei Z. Association of oral microbiome with risk for 
incident head and neck squamous cell cancer. JAMA 
Oncol. 2018; 4:358–65. 

 https://doi.org/10.1001/jamaoncol.2017.4777 
PMID:29327043 

16. Sun S, Li B, Wang Y, Li X, Wang P, Wang F, Zhang W, 
Yang H. Clinical Significance of the Decreased 
Expression of hsa_circ_001242 in Oral Squamous Cell 
Carcinoma. Dis Markers. 2018; 2018:6514795. 

 https://doi.org/10.1155/2018/6514795 PMID:30069275 

17. Hill SJ, D’Andrea AD. Predictive potential of head and 
neck squamous cell carcinoma organoids. Cancer 
Discov. 2019; 9:828–30. 

 https://doi.org/10.1158/2159-8290.CD-19-0527 
PMID:31262743 

18. Solomon I, Voiculescu VM, Caruntu C, Lupu M, Popa A, 
Ilie MA, Albulescu R, Caruntu A, Tanase C, Constantin 
C, Neagu M, Boda D. Neuroendocrine factors and head 
and neck squamous cell carcinoma: an affair to 
remember. Dis Markers. 2018; 2018:9787831. 

 https://doi.org/10.1155/2018/9787831 
PMID:29854027 

19. Liang K, Xiao S, Weir MD, Bao C, Liu H, Cheng L, Zhou X, 
Li J, Xu HH. Poly (amido amine) dendrimer and dental 
adhesive with calcium phosphate nanoparticles 
remineralized dentin in lactic acid. J Biomed Mater Res 
B Appl Biomater. 2018; 106:2414–24. 

 https://doi.org/10.1002/jbm.b.34050  
PMID:29193676 

20. Tian Z, Yang K, Yao T, Li X, Ma Y, Qu C, Qu X, Xu Y, Guo 
Y, Qu Y. Catalytically selective chemotherapy from 
tumor-metabolic generated lactic acid. Small. 2019; 
15:e1903746. 

 https://doi.org/10.1002/smll.201903746 
PMID:31553140 

21. Fu S, He K, Tian C, Sun H, Zhu C, Bai S, Liu J, Wu Q, Xie 
D, Yue T, Shen Z, Dai Q, Yu X, et al. Impaired lipid 
biosynthesis hinders anti-tumor efficacy of 
intratumoral iNKT cells. Nat Commun. 2020; 11:438. 

https://doi.org/10.1111/jop.12733
https://pubmed.ncbi.nlm.nih.gov/29752860
https://doi.org/10.1016/j.critrevonc.2018.08.009
https://pubmed.ncbi.nlm.nih.gov/30293703
https://doi.org/10.1016/j.biopha.2018.12.010
https://pubmed.ncbi.nlm.nih.gov/30530287
https://doi.org/10.2174/0929867324666170711131353
https://pubmed.ncbi.nlm.nih.gov/28699504
https://doi.org/10.1016/j.biochi.2016.07.008
https://pubmed.ncbi.nlm.nih.gov/27436182
https://doi.org/10.1016/j.ijpharm.2019.03.011
https://pubmed.ncbi.nlm.nih.gov/30851391
https://doi.org/10.1016/j.addr.2018.06.009
https://pubmed.ncbi.nlm.nih.gov/29920294
https://doi.org/10.1016/j.actbio.2016.11.012
https://pubmed.ncbi.nlm.nih.gov/27826003
https://doi.org/10.1007/s00280-018-3669-6
https://pubmed.ncbi.nlm.nih.gov/30182146
https://doi.org/10.1002/med.21531
https://pubmed.ncbi.nlm.nih.gov/30302772
https://doi.org/10.1016/j.bcp.2018.02.007
https://pubmed.ncbi.nlm.nih.gov/29438677
https://doi.org/10.1016/j.oraloncology.2015.12.007
https://pubmed.ncbi.nlm.nih.gov/26774913
https://doi.org/10.1001/jamaoncol.2017.4777
https://pubmed.ncbi.nlm.nih.gov/29327043
https://doi.org/10.1155/2018/6514795
https://pubmed.ncbi.nlm.nih.gov/30069275
https://doi.org/10.1158/2159-8290.CD-19-0527
https://pubmed.ncbi.nlm.nih.gov/31262743
https://doi.org/10.1155/2018/9787831
https://pubmed.ncbi.nlm.nih.gov/29854027
https://doi.org/10.1002/jbm.b.34050
https://pubmed.ncbi.nlm.nih.gov/29193676
https://doi.org/10.1002/smll.201903746
https://pubmed.ncbi.nlm.nih.gov/31553140


 

www.aging-us.com 2601 AGING 

 https://doi.org/10.1038/s41467-020-14332-x 
PMID:31974378 

22. Yang C, Shen S, Zheng X, Ye K, Ge H, Sun Y, Lu Y. Long 
non-coding RNA LINC00337 induces autophagy and 
chemoresistance to cisplatin in esophageal squamous 
cell carcinoma cells via upregulation of TPX2 by 
recruiting E2F4. FASEB J. 2020; 34:6055–69. 

 https://doi.org/10.1096/fj.201900731RR 
PMID:32239565 

23. Xue DF, Pan ST, Huang G, Qiu JX. ROS enhances the 
cytotoxicity of cisplatin by inducing apoptosis and 
autophagy in tongue squamous cell carcinoma cells. Int 
J Biochem Cell Biol. 2020; 122:105732. 

 https://doi.org/10.1016/j.biocel.2020.105732 
PMID:32097729 

24. Soria LR, Brunetti-Pierri N. Targeting autophagy for 
therapy of hyperammonemia. Autophagy. 2018; 
14:1273–75. 

 https://doi.org/10.1080/15548627.2018.1444312 
PMID:30035657 

25. Cui Q, Wang JQ, Assaraf YG, Ren L, Gupta P, Wei L, 
Ashby CR Jr, Yang DH, Chen ZS. Modulating ROS to 
overcome multidrug resistance in cancer. Drug Resist 
Updat. 2018; 41:1–25. 

 https://doi.org/10.1016/j.drup.2018.11.001 
PMID:30471641 

26. Su J, Zhang L, Zhang W, Choi DS, Wen J, Jiang B, Chang 
CC, Zhou X. Targeting the biophysical properties of the 
myeloma initiating cell niches: a pharmaceutical 
synergism analysis using multi-scale agent-based 
modeling. PLoS One. 2014; 9:e85059. 

 https://doi.org/10.1371/journal.pone.0085059 
PMID:24475036 

27. Feng C, Yuan X, Chu K, Zhang H, Ji W, Rui M. 
Preparation and optimization of poly (lactic acid) 
nanoparticles loaded with fisetin to improve anti-
cancer therapy. Int J Biol Macromol. 2019; 125:700–10. 

 https://doi.org/10.1016/j.ijbiomac.2018.12.003 
PMID:30521927 

28. Li F, Zhu A, Song X, Ji L. Novel surfactant for 
preparation of poly(L-lactic acid) nanoparticles with 
controllable release profile and cytocompatibility for 
drug delivery. Colloids Surf B Biointerfaces. 2014; 
115:377–83. 

 https://doi.org/10.1016/j.colsurfb.2013.12.015 
PMID:24503291 

29. Basarkar A, Devineni D, Palaniappan R, Singh J. 
Preparation, characterization, cytotoxicity and 
transfection efficiency of poly(DL-lactide-co-glycolide) 
and poly(DL-lactic acid) cationic nanoparticles for 
controlled delivery of plasmid DNA. Int J Pharm. 2007; 
343:247–54. 

 https://doi.org/10.1016/j.ijpharm.2007.05.023 
PMID:17611054 

30. Bao LL, Huang HQ, Zhao J, Nakashima K, Gong YK. 
Preparation and characterization of zwitterionic 
phospholipid polymer-coated poly(lactic acid) 
nanoparticles. J Biomater Sci Polym Ed. 2014; 
25:1703–16. 

 https://doi.org/10.1080/09205063.2014.952993 
PMID:25183528 

  

https://doi.org/10.1038/s41467-020-14332-x
https://pubmed.ncbi.nlm.nih.gov/31974378
https://doi.org/10.1096/fj.201900731RR
https://pubmed.ncbi.nlm.nih.gov/32239565
https://doi.org/10.1016/j.biocel.2020.105732
https://pubmed.ncbi.nlm.nih.gov/32097729
https://doi.org/10.1080/15548627.2018.1444312
https://pubmed.ncbi.nlm.nih.gov/30035657
https://doi.org/10.1016/j.drup.2018.11.001
https://pubmed.ncbi.nlm.nih.gov/30471641
https://doi.org/10.1371/journal.pone.0085059
https://pubmed.ncbi.nlm.nih.gov/24475036
https://doi.org/10.1016/j.ijbiomac.2018.12.003
https://pubmed.ncbi.nlm.nih.gov/30521927
https://doi.org/10.1016/j.colsurfb.2013.12.015
https://pubmed.ncbi.nlm.nih.gov/24503291
https://doi.org/10.1016/j.ijpharm.2007.05.023
https://pubmed.ncbi.nlm.nih.gov/17611054
https://doi.org/10.1080/09205063.2014.952993
https://pubmed.ncbi.nlm.nih.gov/25183528


 

www.aging-us.com 2602 AGING 

SUPPLEMENTARY MATERIALS 

 

Supplementary Figures 

 

 

 

 
 

Supplementary Figure 1. CDDP/CQ-PLA NPs reduces the viability. Colony forming assays in SCC4 cells. 

 

 

 

Supplementary Figure 2. CDDP/CQ-PLA NPs induces caspase-dependent apoptosis in SCC4 cells. Western blot of Bax, Bid, Bim, 
Bcl-2, cleaved-Caspase-3, and Caspase-9, β-actin as reference. 
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Supplementary Figure 3. CDDP/CQ-PLA NPs induces oxidative damage. ROS production in SCC4 cells. 

 

 

 

Supplementary Figure 4. CDDP/CQ-PLA NPs reduces autophagy in SCC4 cells. (A) Immunofluorescence confocal image of LC3; (B) 

Western blot of p62, LC3-I, and LC3-II, actin as reference. 


