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Abstract

NSAIDs inhibit autophagy flux and 

sensitize anti-tumor agent induced 

cell death to cancer cell lines

Seung Hyeon Park

Dept. of Pharmacy

The Graduate School

Seoul National University

Autophagy is a process in which double-membraned 

autophagosomes digest unnecessary organelles or proteins in cells 

and decompose them through lysosomes. If they do not function 

normally, the homeostasis of the cells is broken and causes various 

diseases. In addition, the activity of autophagy was significantly 

increased in the stress conditions such as hypoxia, chemotherapy, 

and irradiation in cancer cells, and the cancer cells had resistance to 

the anticancer drugs through the increased autophagy activity. 

Therefore, when a drug that inhibits autophagy is administered in 



combination with an anticancer drug, an increased effect can be 

expected.

Previous studies have shown that diclofenac, one of the NSAIDs, 

inhibits autophagy. Therefore, the effect of the other 20 NSAIDs on 

the autophagy was confirmed by Western blotting with the half-

value of IC50 in mouse normal hepatocyte AML12, and the 

autophagy markers LC3 and p62 were screened. Cytotoxicity of 

combination of 5 NSAIDs (diclofenac, aceclofenac, naproxen, 

dexibuprofen, flurbiprofen) with sorafenib, tamoxifen, 5-FU, and 

paclitaxel, in liver cancer cell lines HepG2 and Huh7, breast cancer 

cell line mcf7, colon cancer cell line HCT116 and lung cancer cell 

line A549 were observed through HCS instrument cyation. In 

addition, the combination of diclofenac and sorafenib in Huh7 was 

associated with changes in apoptosis through annexin V-PI assay, 

cleaved caspase 3, cleaved PARP and Bcl-2. 

Most of the NSAIDs showed autophagy inhibitory activity as a 

result of screening in AML12. The combination of sorafenib or 

tamoxifen with diclofenac, aceclofenac, naproxen, dexibuprofen, and 

flurbiprofen in HepG2 and mcf7, combination of sorafenib and 

diclofenac in Huh7, diclofenac, aceclofenac, dexibuprofen and 5-FU 

in HCT116, a combination of dexibuprofen, naproxen and paclitaxel 

in A549, showed a large synergistic effect of cell death. In addition, 

the cotreatment of diclofenac and sorafenib in Huh7 significantly 

increased apoptosis by increased apoptosis positive cells and 

increased apoptosis marker cleaved caspase 3, cleaved PARP also 



decrease of Bcl-2. 

As a result, diclofenac inhibited autophagy in hepatocellular 

carcinoma cells with increased autophagy activity through 

anticancer drugs, and it was confirmed that this increased cancer 

cell death. In addition, other NSAIDs show autophagy inhibiting 

activity, and it is presumed that increasing cell death when 

combined with an anticancer agent is due to autophagy inhibition. 

Therefore, it is expected that the combined use of NSAIDs and 

anticancer drugs will increase the susceptibility of existing 

chemotherapeutic agents to cancer treatment.
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Ⅰ. Introduction

Autophagy is an evolutionarily conserved cellular process that is 

used for the turnover of organelles and proteins or functions to 

generate sources of metabolic fuel under stress conditions (1, 2). 

Also several studies verified that autophagy functions as a 

mechanism of tumor suppression via the removal of defective 

premalignant factors in cells. Numerous evidence supports a major 

role for autophagic degradation in the maintenance of bioenergetic 

homeostasis under stress conditions, including hypoxia and nutrient 

deprivation (3). Additionally, autophagy has emerged as an 

important mechanism of resistance to radiation, chemotherapy, and 

anticancer agents by its ability to enhance the survival capacity of 

cancer cells (4–8). Therefore, there has been an attempt to 

increase the effectiveness of chemotherapy by inhibiting autophagy. 

Chloroquine (CQ) and hydroxychloroquine (HCQ) have been

used to treat malaria, rheumatoid arthritis, and lupus. And 

Chloroquine (CQ) and hydroxychloroquine (HCQ) also known for 

representatively disrupting lysosomal function and consequently 

inhibiting autophagy (6). These specific properties of CQ/HCQ 

spurred numerous preclinical investigations focused on establishing 

the safety and therapeutic benefit of inhibiting autophagy to 

increase the efficacy of a diverse range of anticancer agents (9, 10). 

Based on the positive impact of HCQ in this theory, a series of



2

phase I and phase I/II trials to investigate the safety and 

preliminary efficacy of the addition of HCQ to existing anticancer 

regimens were initiated. (11–16). Although preliminary efficacy has 

been observed in a small number of patients with the addition of 

HCQ generally safe and treated with HCQ-based therapy, HCQ fails 

to inhibit autophagy in acidic environments around 6.5, due to the

decrease in the cellular uptake of the drug in these environments. 

The limitation of HCQ makes a demand for the production of more 

potent autophagy inhibitors.(17)

Therefore, the need for other autophagy inhibitors has been 

emphasized, and in a previous study conducted in the laboratory, 

diclofenac, a drug of NSAIDs, confirmed the autophagy inhibitory 

effect and screened the autophagy inhibitory activity against the 

entire NSAIDs.

Non-steroidal anti-inflammatory drugs (NSAIDs) are the most

frequently used medicines worldwide (18). Several epidemiological 

studies have shown that long-term use of NSAIDs is associated 

with a low incidence of benign polyps or colon cancer. (19, 20)It is 

also associated with lowering the incidence of various cancers such 

as breast cancer, lung cancer, prostate cancer, and bladder cancer 

ovarian cancer as well as colorectal cancer. (21-26)It is also 

reported that clinical trials have been shown to reduce the incidence 

of advanced colorectal cancer or breast cancer and to inhibit 

metastasis of primary cancer.(27)
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These anticancer effects of NSAIDs were thought to occur 

through inhibition of COX. Echosanoids such as PGE2 synthesized 

through COX are often observed to be increased in cancer tissues 

and are known to play roles such as cell division, angiogenesis and 

metastasis, and apoptosis. (28)

However, it has been suggested that COX inhibition is not a major 

mechanism of NSAIDs' antitumor activity through the fact that 

NSAIDs have much higher anticancer activity than COX activity 

inhibition. It has also been shown that NSAIDs have anticancer 

effects through the metabolism or isomerism of NSAIDs that have 

no COX inhibitory effect. Further studies revealed the COX-

independent mechanisms which are Wnt / b-catenin signaling 

inhibition, cGMP phosphodiesterase inhibition, NF-kB, AMPK 

inhibition and increased activity of PPARg and PXRa.(29)

In this study, we have found additional autophagy inhibition as a 

possible antitumor drug for NSAIDs. And combination of anticancer 

drug with NSAIDs increased cytotoxicity synergistically. Therefore, 

we anticipate that the addition of NSAIDs to anticancer adjuvant 

therapy will provide more effective antitumor effects.
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Ⅱ. Material and Methods

1. Reagents

cleaved caspase-3 kit, QuantiTect reverse transcription kit was 

acquired from Quiagen(Hilden, Germany) and EASY-BLUE was 

acquired from Intron biotechnology(Seongnam, Korea). All 

chemicals used were of the highest purity and grade available

2. Cell culture

AML12, HepG2, Huh7, MCF7, HCT116, A549 was obtained from 

American Type Culture Collection(ATCC, Rockville, MD). Every 

cell was grown at 37℃ in a 5% CO2 atmosphere. Growth medium 

for AML12 cells was DMEM(Gibco BRL, Grand Island, NY) with 

0.005 mg/mL insulin, 0.005 mg/mL transferrin, 5 ng/mL, 

selenium(Insulin-Transferrin-Selenium, Gibco BRL), and 40 ng/mL 

dexamethasone(Sigma), and DMEM(Hyclone BRL) for HepG2, 

MCF7, HCT116 and RPMI1640(Gibco BRL) for Huh7 and A549. All 

medium was supplemented by 10% of heat inactivated fetal bovine 

serum(FBS; Gibco BRL), 50 units/ml of penicillin, and 50 units/ml of 

streptomycin(Antibiotic-antimycotic; Gibo BRL)
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3. Cell viability measurement

AML12 cells were plated in 96-well plates at a density of 6000 

cells per well and allowed to attach overnight. After treatment with 

chemical for 24hr, cell viability was measured using 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide(MTT) 

cell proliferation assay. After washing the compound-containing 

medium, a working solution of MTT was added to each well and 

incubated for 1hr. Then the MTT solution was removed and 

DMSO(Dimethyl sulfoxide) was added and incubated for an 

additional 15 minutes and absorbance was measured at a 

wavelength of 540nm. The concentration required for 50% 

inhibition of growth (IC50) was determined by nonlinear regression 

analysis using the GraphPad PRISM statistics software package(Ver. 

5.0; San Diego, CA)

4. Protein Extraction and Western Blot Analysis

Total cell lysate were prepared for Western immunoblotting using 

lysis buffer containing 50mM HEPES, 150mM NaCl, 1% Triton X-

100. 5mM EGTA, 50mM glycerophosphate, 20mM NaF, 1mM 

Na3VO4 and 2mM PMSF. Equal amount of protein samples were 

seperated via SDS-polyacrylamid gel eletrophoresis and 
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transferred to a PVDF membrane (Millipore, Bedford, MA). Primary 

antibodies include anti-NBR1 from Santacruz (CA, USA); anti-

LC3B, anti-p62, anti-B-actin, anti-PARP, anti-Caspase 3 and 

anti-Bcl-2 from Cell Signaling Technology (MA, USA) were used 

in immunoblot. The immunoreactive protein was detected using ECL 

Western blotting detection reagent (Amersham, Piscataway, NJ) 

with Universal hood ǁ Chemidoc (Bio-Rad, Hercules, CA, USA). 

Quantification of protein bands was done using Quantity One 

software (Ver. 4.6.2.) form Bio-Rad (Hercules, CA)

5. RNA Isolation and Quantitative Real Time –

Polymerase Chain Reaction (qRT-PCR)

RNA was isolated using 0.5ml of EASY-BLUE per 10^5 cells and 

dissolved in nuclear free water. The quantity of total RNA from 

each condition was measured by ultraviolet spectrophotometry 

(ND-1000 spectrophotometer; Thermo, Wilmington, DE, USA), by 

absorption at 260 and 280 wavelengths. The quantified RNA was 

used to synthesize single-strand cDNA using QuantiTect Reverse 

Transcription kit First-Strand Synthesis System for RT-PCR 

(Quiagen, Hilden, Germany). Gene-specific primers were designed 

using Primer Premier (Premier Biosoft international, Palo Alto, CA, 

USA). Quantitative real time RT-PCR was performed using iTaq 

Universal SYBRⓇ Green Supermix kit (Bio-Rad, Hercules, CA) in 
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a StepOne Real-Time PCR System (Applied Biosystems, Seoul, 

Korea) following manufacurer’s protocol using specific primers for 

LC3B, p62, NBR1, B-actin. Relative changes in gene expression 

were expressed as the fold change using 2-ΔΔCT method

6. GFP-LC3(mCherry GFP-LC3) transfection and 

imaging

6 well plates were seeded 5.0 x 10^5 cells per well. Cell were 

stablized for 24hr and incubated in OPTI-MEM medium (GIBCO 

BRL) for 1hr. 1.5ug of GFP-LC3 were transfected to cells using 

Lipofectamine 2000 reagent(invitrogen, CA) according to the 

supplier ’ s protocol. After 4hr of incubation, medium was 

exchanged to complete medium containing 10% serum and 

antibiotics. The cells were additional 24hr an treated as indicated 

and observed under BioTek Cytation 3 Cell Imaging Multi-Mode 

Reader.

7. Imaging of cell proliferation and cytotoxicity using 

HCS

Each cell line was plated at 10000 cells per well in Nunc™

MicroWell™ 96-Well Optical-Bottom Plates with Polymer 
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Baseandculturedovernight. Only the inner 60 wells of 96-well 

microplates were used due to evaporation-related edge effects in 

the outside wells. The following day, each concentration of drug 

containing media with 100nM YOYO-1 was treated in 100uL per 

well. Each concentration was triplicated. Then incubate the plate for 

30 min. After incubation, starting capture the images which was 

center of each well using bright filter and GFP filter for 48hours at 

every 2hrs by BioTek Cytation 3 Cell Imaging Multi-Mode Reader.

8. Calculation of cell death and cell proliferation

In Bright field images, all cell objects were counted and in GFP 

filter image YOYO-1 positive objects which mean dead cells were 

counted at each time point. Then “% of dead cell” is calculated by 

YOYO-1 positive objects per all cell objects. Using “% of dead 

cell”, compare cytotoxicity of each drug or durg combination. Cell 

proliferation is calculated by dividing cell object number of each 

time point by the cell object number of the first time point (0hr) and 

then define the cell number of the first time point is 100%.
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Ⅲ. Result

1. Most NSAIDs increases autophagy cargo receptor 

p62 protein.

To investigate activity of autophagy inhibition on NSAIDs, we 

determined treatment concentration using IC50 of NSAIDs. (Table 

1)The half value of IC50 is maximum concentration which does not 

induce critical damage to cell and 0, 0.25, 0.5 and 0.75 of 0.5 IC50 

were treated to AML12 cell for 24hr. 

We used autophagosome marker LC3B and autophagy cargo 

receptor protein p62 as autophagy marker proteins. There are 4 

classes of NSAIDs by structure. They are acetic acid derivatives, 

propionic acid derivatives, enolic acid(oxicam) derivatives and 

selecitve cox-2 inhibitors. Most tested NSAIDs increase p62 

protein by concentration dependently. p62 is a substrate of 

autophagy so accumulation of p62 means inhibition of autophagy.

(30) But patterns of LC3B changing were different by classes of 

NSAIDs. Acetic acid derivatives, enolic acid derivatives and 

selective cox-2 inhibitor generally increase LC3B protein. And 

propionic acid derivatives decrease LC3B.
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Table 1. IC50 and 0.5 IC50 of NSAIDs IC50 of NSAIDs is determined 

by MTT assay in AML12 for 24hr. (n=6)
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Figure 1. Most NSAIDs increases autophagy cargo receptor p62 

protein.

(A) Autophagy marker LC3B, p62 is measured by western blot in 

AML12 for 24hrs. Concentration is 0, 0.25, 0.5, 0.75 and 1X of 0.5 

IC50.(n=3) 7 acetic NSAIDs derivatives. (B) 7 propionic acid 

derivatives. (C) 4 enolic acid derivatives and 1 selecti cox-2 

inhibitor
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2. 6 acetic acid NSAIDs and 3 propionic acid NSAIDs 

inhibit autophagy flux.

To further investigation of autophagy inhibition, we selected 6 

acetic acid derivatives (aceclofenac, etodolac, sulindac, 

indomethacin, ketorolac and nabumetone) and 3 propionic 

acid(dexibuprofen, naproxen and flurbiprofen) derivatives NSAIDs 

which show strong autophgy inhibition acitiviy in western blot. 

(Figure 2A)

To confirm whether increased p62 protein is autophagy inhibition 

or upregulated gene expression, p62 mRNA expression was 

identified in 9 NSAIDs. There was no increased mRNA expression 

of p62 in propionic acid derivatives. But contrary to expectation, 

mRNA of p62 were upregulated in acetic acid derivatives. (Figure 

2B) So we found another cargo receptor protein, NBR1. NBR1 acts 

as like p62 in autophagy process. We investigated protein level and 

mRNA expression of NBR1. Aceclofenac, indomethacin, ketorolac 

and dexibuprofen induced slight increase of NBR1 mRNA 

expression, but amount of increasing protein level was more than 

that of mRNA. (Figure 2C)

Then we verified autophagosome and autolysosome accumulation 

using GFP-LC3 vector and mCherry-GFP-LC3 vector. (Figure 2E, 

2F) All acetic acid NSAIDs except nabumetone and flurbiprofen 

increased GFP dots(Figure 2E) and yellow dots. (Figure 2F) It 
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means that number of autophagosome increased but not

autolysosome. This result reflected protein level of LC3B, except

flurbiprofen. 
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Figure 2. 6 acetic acid NSAIDs and 3 propionic acid NSAIDs inhibit 

autophagy flux. 

(A) The structure of selected NSAIDs. (B) Relative level of mRNA 

expression of p62 by NSAIDs in AML12 cell for 24hrs treatment. 

mRNA expression of b-actin is used for standardization. (C) 

Protein and mRNA levels of NBR1 by NSAIDs in AML12 cell for 

24hrs treatment. (D) autophagy flux experiment, NSAIDs were 

treated for 24hsr and chloroquine was treated in 10uM 

concentration for 8hrs in AML12 cell. (E) HepG2 cells were 

transfected by GFP-LC3 vector then NSAIDs were treated for 

24hrs. (F) HepG2 cells were transfected by mCherry-GFP-LC3 

vector then NSAIDs were treated for 24hrs.
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3. Combination of diclofenac and sorafenib increases 

apoptosis in liver cancer cell lines.

Sorafenib is a kinase inhibitor drug approved for the treatment of 

advanced primary liver cancer. Sorafenib is well known autophagy 

inducing drug and induced autophagy give tumor cells to resist 

against sorafenib. We examined autophagy marker changing in Huh7 

cells by sorafenib. Sorafenib induce autophagy for increasing LC3B, 

reducing p62 and NBR1. (Figure 3A)

To demonstrate our hypothesis that autophagy inhibitor sensitizes 

anti cancer effect of chemothrapy, we treated sorafenib with 

diclofenac in liver cancer cell lines. Combination of diclofenac and 

sorafenib increase apoptosis synergically in HepG2 and Huh7. 

(Figure 3B) Also a mount of other apoptosis markers, cleaved 

caspase-3 and cleaved PARP increased by co treatment of the two 

drugs. (Figure 3C)
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Figure 3. Synergic effects of diclofenac and sorafenib in liver cancer 

cell lines

(A) Autophagy induction of soafenib in Huh7 cells. Sorafenib was 

treated for 24hrs. (B) Flow cytometric analysis of HepG2 cells and 

Huh7 cells undergoing apoptosis. percentage of Annexin V –

positive cells were represended as bar. HepG2 cells were treated 

with 250uM diclofenac alone or cotreatment with 2.5uM sorafenib . 

And Huh7 cells were treated with 250uM diclofenac alone or 

cotreatment with 7.5uM sorafenib. After 24hr incubation, cells were 

collected by trypsinization and washed with cold DPBS. Then 

stained with annexin-V and PI and analyzed by flow cytometer. (C) 

Huh7 cells were treated with 250uM diclofenac alone or 

cotreatment with 7.5uM sorafenib for 24hrs. Western blot analysis 

showed that combination of diclofenac and sorafenib increases 

apoptosis markers, cleaved caspase 3 and cleaved PARP, whereas 

anti apoptotic protein Bcl-2 decreases.
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4. Sorafenib and 5 NSAIDs have synergic effects in 

liver cancer cell lines.

We confrimed synergic cytotoxic effect of NSAIDs and anit 

cancer drug using cytation YOYO-1 system described in method. 

We choosed cancer cell lines and anit-tumor drug by each 4 

popular cancers which are liver cancer, breast cancer, colon cancer 

and lung cancer. At liver cancer cells, we treated sorafenib with 

NSAIDs. In HepG2 cell, combination of sorafenib and diclofenac , 

aceclofenac, flurbiprofen, naproxen or dexibuprofen synergically 

killed cancer cells. (Figure 4A) In Huh7 cell, cotreatment of 

sorafenib and diclofenac induced enhanced cell death compared with 

each single drug only. (Figure 4B)

There are several concentration sets which show synergic effects. 

(Table 2, 3) Synergism is defined by Colby equation. (31)
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Figure 4. Sorafenib and 5 NSAIDs have synergic effects in liver 

cancer cell lines.

(A) In HepG2 cells, cytotoxicity of single drug or combination was 

assessed by “% of dead cell” for 48hrs. (B) In Huh7 cells, 

cytotoxicity of single drug or combination was assessed by “% of 

dead cell” for 48hrs.
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Table 2. Synergism of drug combination in HepG2 cells

Table 3. Synergism of drug combination in Huh7 cells



25

5. Tamoxifen and 5 NSAIDs have synergic effects in 

breast cancer cell, MCF7.

At breast cancer cells, MCF7 we treated tamoxifen with NSAIDs. 

In MCF7 cell, similarly at HepG2 combination of sorafenib and 

diclofenac, aceclofenac, flurbiprofen, naproxen or dexibuprofen 

synergically killed cancer cells. (Figure 5A) There are several 

concentration sets which show synergic effects. (Table 4) 

Synergism is defined by Colby equation.
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Figure 5. Tamoxifen and 5 NSAIDs have synergic effects in breast 

cancer cell line.

(A) In HepG2 cells, cytotoxicity of single drug or combination was 

assessed by “% of dead cell” for 48hrs.

Table 4. Synergism of drug combination in MCF7 cells



27

6. Dexibuprofen, diclofenac or naproxen have 

synergic effects with 5-FU in colon cancer cell, 

HCT116. 

At colon cancer cell, HCT116 we treated 5-FU with NSAIDs. In 

HCT116, combination of 5-FU and diclofenac, dexibuprofen or 

naproxen synergically killed cancer cells. But the other NSAIDs 

aceclofenac and flurbiprofen can not show elevated cell death by 

cotreatment with 5-FU. (Figure 6A) There are several 

concentration sets which show synergic effects or not. (Table 5) 

Synergism is defined by Colby equation.
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Figure 6. 5-FU and dexibuprofen or diclofenac or naproxen have 

synergic effects in colon cancer cell line

(A) In HCT116 cells, cytotoxicity of single drug or combination was 

assessed by “% of dead cell” for 48hrs.

Table 5. Synergism of drug combination in HCT116 cells
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7. Dexibuprofen or naproxen have synergic effects 

with paclitaxel in lung cancer cell A549. 

At lung cancer cell, A549 we treated paclitaxel with NSAIDs. In 

A549, combination of paclitaxel and dexibuprofen or naproxen 

synergically killed cancer cells. But the other NSAIDs declofenac, 

aceclofenac and flurbiprofen can not show elevated cell death by 

cotreatment with paclitaxel. (Figure 7A) There are several 

concentration sets which show synergic effects or not. (Table 6) 

Synergism is defined by Colby equation.
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Figure 7. Paclitaxel and dexibuprofen or naproxen have synergic 

effects in lung cancer cell line

(A) In A549 cells, cytotoxicity of single drug or combination was 

assessed by “% of dead cell” for 48hrs.

Table 6. Synergism of drug combination in A549 cells
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Ⅳ. Discussion

Autophagy is one of the main mechanisms for maintaining cell 

homeostasis.(1) It plays a role in preventing the cancerization in 

the early stage of cancer development, but it plays a role in the 

survival of cancer cells after the cells are tumorized. There have 

been many reports that autophagy is increased in hypoxic condition, 

chemotherapy, and radiation therapy in various cancer cells and 

cancer cells have resistance against stress through autophagy.(3-8) 

Therefore, there has been a lot of attempts to use an autophagy 

inhibitor in combination with chemotherapy. Typical autophagy

inhibitors such as HCQ and CQ are undergoing clinical trials.(11-16)

Previous studies in the laboratory found that diclofenac, one of the 

NSAIDs, suppressed autophagy and further confirmed the effect of 

other NSAIDs on autophagy.

In the initial screening using autophagy markers, LC3B and p62, 

autophagy inhibiting activity were found in most of all four class of 

NSAIDs. At this time, accumulation of p62 was common, but the 

pattern of change of LC3B was different for each class. Propionic 

acid derivatives drugs showed no decrease or significant change in 

LC3B level, while other class of drugs showed LC3B increase. 

Therefore, it can be deduced that the mechanisms of autophagy 

inhibition are different in each class.

In order to confirm the autophagy inhibitory activity more 

precisely, all 6 acetic acid NSAIDs and 3 propionic acid drugs were 
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selected. And (1)mRNA expression of LC3b, p62 and NBR1. (2) 

autophagy flux test (3) Imaging of autophagosomes and lysosomes 

were observed. In contrast to the first anticipation, the mRNA 

expression of p62 itself was increased in all acetic acid derivatives 

so the cargo receptor NBR1 was found to accumulate without 

altering mRNA levels, confirming autophagy inhibition. When the 

NSAIDs were treated, the autophagosomes were not normally 

transferred to the autolysosome stage. The accumulation of 

autophagosomes was observed in all of the acetic acid NSAIDs and 

flurbiprofen except nabumetone. In the autophagy flux experiments, 

we confirmed that the increase of LC3B was the result of inhibition, 

not result of autophagy induction. In a series of results, it was 

concluded that all of the 8 selected drugs, except nabumetone, 

inhibited autophagy.

We next determined whether NSAIDs could increase the activity of 

anticancer drugs in cancer cells through autophagy inhibition. First, 

sorafenib, an anticancer drug for hepatocellular carcinoma, induced 

autophagy in Huh7 cells. We then examined the changes in 

apoptotic markers of annexin V-PI assay, caspase 3, cleaved PARP, 

and Bcl-2 when treated with sorafenib and diclofenac in HepG2 and 

Huh7. As a result, when the two drugs were treated together, the 

apoptotic factor was significantly increased and anti apoptotic 

protein was decreased.

Next, we examined whether the inhibition of autophagy by 

NSAIDs could increase the cytotoxicity of chemotherapy in various 
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cancer cells. HepG2, Huh7, MCF7, HCT116 and A549 cells were 

used in four types of cancer, liver, breast, colorectal and lung 

cancer. Sorafenib, tamoxifen, 5-FU and paclitaxel were used as 

anticancer agents.   

Diclofenac, aceclofenac, dexibuprofen, naproxen, and fluriprofen, 

which showed a greater inhibitory effect on autophagy in the 

previous screening, were identified in combination with anticancer 

drugs in cancer cells. As a result, in HepG2 and MCF7 combinations 

showed synergistic effects with all NSAIDs. However, only 

dexibuprofen, diclofenac, naproxen in HCT116, and dexibuprofen 

and naproxen in A549 were effective. The reason for this result 

may be a lack of diversity of anticancer drug concentration settings. 

To confirm the effect dramatically, anticancer agents were fixed at 

a concentration that did not show toxicity alone. Therefore, in 

combination with higher concentrations of anticancer drugs, all of 

the NSAIDs may have a synergistic effect. The second reason may 

be that lack of autophagy inhibition to increase cytotoxicity may be 

lacking because the NSAIDs have different autophagy inhibitory 

activities and different sensitivities to each cell.

In conclusion, this study confirmed the autophagic inhibitory 

activity of NSAIDs and confirmed the synergistic effect of 

cytotoxicity with anti cancer agents in various cancer cell lines. 

These results will serve as a basis for future drug repositioning of 

NSAIDs as anticancer adjuvants in clinic.
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국문초록

오토파지는 이중막을 가진 오토파고솜이 세포 내에 불필요한 소기

관이나 단백질을 포식하여 리소좀을 통해 분해시키는 과정이며, 정상

적으로 작동하지 않을 경우 세포의 항상성이 깨져 다양한 질병을 일

으키는 원인이 된다. 또한 암세포에서 저산소, 항암화학요법, 방사선

조사와 같은 스트레스 상황에서 오토파지의 활성이 크게 증가되는 것

이 관찰되었고 높아진 오토파지 활성을 통해 암세포는 항암약물에 대

한 저항성을 가지게 된다. 따라서 오토파지를 억제하는 약물을 항암

제와 병용투여하게 되면 상승된 효과를 기대할 수 있다.

이전 연구에서 NSAIDs 계열 약물 중 하나인 디클로페낙(diclofenac)

이 오토파지를 억제한다는 것을 밝혔다. 그래서 다른 20여 가지의

NSAIDs들의 오토파지에 대한 작용을 마우스 정상 간세포주 AML12

에서 IC50의 절반 값을 최고 농도로 하여 웨스턴 블롯을 통해 오토

파지 마커인 LC3, p62를 확인하여 스크리닝하였다. NSAIDs중 5 가

지 약물 diclofenac, aceclofenac, naproxen, dexibuprofen, 

flurbiprofen를 간암 세포주 HepG2와 Huh7, 유방암 세포주 mcf7, 

대장암 세포주 HCT116, 폐암 세포주 A549에 각각 주로 항암제로

사용되는 sorafenib, tamoxifen, 5-FU, paclitaxel과의 병용투여를

통해 세포사멸과 세포증식의 변화를 HCS 장비인 cytation을 이용하

여 관찰하였다. 또한 Huh7에서 diclofenac과 sorafenib의 병용투여

했을 때 apoptosis의 변화를 annexin V-PI assay와 cleaved 

caspase 3, cleaved PARP, Bcl-2 등 apoptosis와 관련된 인자들을
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통해 확인하였다.

AML12에서 스크리닝 결과 대부분의 NSAIDs들이 오토파지 억제 활

성을 보였다. 그리고 암세포주에서 항암제와 병용투여 했을 때, 

HepG2와 MCF7에서는 sorafenib 또는 tamoxifen과 diclofenac, 

aceclofenac, naproxen, dexibuprofen, flurbiprofen의 조합, Huh7에

서는 sorafenib와 diclofenac의 조합, HCT116에서는 diclofenac, 

aceclofenac, dexibuprofen과 5-FU의 조합, a549에서는

dexibuprofen, naproxen과 paclitaxel의 조합을 통해 세포사멸의 큰

상승효과 및 세포 증식의 억제를 확인할 수 있었다. 또한 Huh7에서

diclofenac과 sorafenib의 병용투여 했을 때 apoptosis가 크게 증가

하는 것을 annexin V-PI assay에서 apoptosis positive cell의 증가

와 apoptosis marker인 cleaved caspase 3, cleaved PARP의 증가

와 Bcl-2의 감소를 통해 확인하였다. 

결과적으로 diclofenac이 항암제를 통해 오토파지 활성이 증가된 간

암세포에서 오토파지를 억제할 수 있고 이것은 암세포의 세포사멸을

증가시키는 것을 확인하였다. 그리고 다른 여러 NSAIDs들도 오토파

지 억제 활성을 보이며 항암제와 병용처리 했을 때 세포사멸을 증가

시키는 것이 오토파지 억제를 통한 것이라고 추측할 수 있다. 따라서

NSAIDs와 항암제의 병용투여를 통해 암 치료에서 기존 항암 화학요

법제의 감수성을 증가시킬 수 있을 것이라 기대할 수 있다.
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