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Abstract

Artemisinin (ART) is a well-known anti-malarial dyu and recently it is shown prospective
to selectively kill cancer cells. But low potencyakes it inappropriate for use as an
anticancer drug. In this study, we modulated tHeRTAnduced autophagy to increase
Potency of ART as an anticancer agent. ART reduicectell viability and colony forming
ability of non-small lung carcinoma (A549) cellsdaih was non-toxic against normal lung
(WI38) cells. ART induced autophagy at the eathge of treatment. Pre-treatment with
chloroquine (CQ) and followed by ART treatment Isgdergistic combination index (CI) for
cell death. Inhibition of autophagy by CQ pre-tneaht led to accumulation of acidic
vacuoles (AVOs) which acquainted with unprocesseamate mitochondria that
subsequently promoted ROS generation, and reswdiedses of Cyt C in cytosol that caused
caspase-3 dependent apoptosis cell death in ARitetteA549 cells. Scavenging of ROS by
antioxidant N-acetyl-cystein (NAC) inhibited casp& activity and rescued the cells from
apoptosis. Similar effects were observed in otlarcer cells SCC25 and MDA-MB-231.
The appropriate manipulation of autophagy by usti@ provides a powerful strategy to

increase the Potency of selective anticancer prppéART.

Keywor ds Artemisinin; Chloroquine; Anticancer agent; AutogiaApoptosis



Abbreviations

ART, Artemisinin; CQ, Chloroquine; PI, Propidiumdide; MTT, (3-(4,5-dimethylthiazolyl-
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1. Introduction

Artemisinin (ART) is a sesquiterpene lactone issdafrom the sweet wormwookrtemisia
annua L, usually use as an anti-malarial drug [1]. RegemART is also emerging as an
anticancer agent and studies show that ART isrogtotoxic to cancer cells than normal
cells [2, 3]. It is due to the fact that the metabactivity and cell divisions in cancer cells are
more rapid than normal cells. Therefore, compareainal cells, cancer cells uptake more
iron from environment through transferrin receptdhis iron activates the endoperoxide
linkage of ART leading to generation of highlytatpxic carbon centred radical or reactive
oxygen species which is similar of its cytotoxictian against malaria [4, 5]. Therefore,
ART not only shows toxicity against cancer celigf also its toxicity selectivity towards
cancer cells makes ART as a promising anticancentagSeveral different molecular
mechanisms of anticancer activity of ART have bémrestigated. Apoptosis has been
commonly reported mechanism of its cytotoxic acti@8], beside this, induction of
autophagy [9],cell cycle arrest [10], ROS generafid, involvement of iron [3, 10, 11] also
been demonstrated well in ART induce cytoxicitycamcer cells. However, the low toxicity
and low bio-availability make it unsuitable for usean anticancer agent. Works are going on

to try to increase the potency of artemisinin arakenit acceptable as an anticancer drug.

Autophagy is a cellular event, induced by severdiagellular stressor or internal needs,
where many cytosolic materials like organelles arderal proteins are accumulated in a
double layer membrane vesicle called autophagostimeasit is fused with lysosomes where
internal materials are degraded [12, 13]. Thesraautophagy in cancer cells are not so
clear. Some reports which demonstrate that autgpaeigas a protective mechanism in 5FU
[14], sulforaphane [15], imatinib [16] induce canceell death. Whereas under certain
circumstances excessive or unquenched autophagy feacell death called programme cell

death type Il (PCDII), this is characteristicalljfer from apoptosis [17, 18]. So as evidently
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the autophagy in cancer cells may depend on thet ditumour, stimuli and also phases of
tumerogenesis. If we would try to modulates autgyghaduced by anticancer agents in an
appropriate manner that may increase its potenawysigcancer cells.

To increase the potency of anticancer agents bwititg autophagy, different autophagy
inhibitors have been used [19, 20]. Interestingtpme previous reports suggest that
inhibition of autophagy at a late stage can efietyi increase cytotoxicity of anticancer
agents towards cancer [16, 21, 22]. One of the kedlvn late phase autophagy inhibitor is
chloroquine (CQ). For more than six decades CQbe&s using to treat several diseases
(like, malaria, rheumatoid arthritis, lupus) becao$ its high effectiveness and well tolerated
by human [23]. Recently, it is also found to besefive against cancer [24, 25]. CQ is a weak
base that is readily distributed in human body wites administered. At cellular levels its
unprotonated form can diffuse through the plasmanbrane, and its protonated forms are
trapped within the acidic vacuoles (late endosont lgsosome), causing increased in pH,
inactive lysosomal hydrolysates, thus increaseatltelysosomes accumulation by inhibiting
the autophagy. This function has been found usefypotentiating the killing effect of
radiated cancer cells and other chemotherapeugintadike 5FU [20], AKT inhibitors [26],

src kinase inhibitors such as saracatinib [27].

In the present study, we were interested to stigate ART induced autophagy and
selective apoptosis in A549 cells.Next we woule lik examine whether the clinical potency
of ART would be increased when it was treated alammyld CQ. Results of this report
demonstrated that indeed potency of anticancewipctiof ART was increased in the
presence of CQ which could be a promising sgsafer application of ART for treatment

of cancer in future.



2. Material and Methods

2.1. Materials

Artemisinin, DAPI, mice monoclonal antihuman alph&ulin primary antibody, FITC
conjugated antihuman-tubulin antibody, TRITC conjugated goat monocloaaktimouse
IgG, goat monoclonal antirabbit IgG antibody TRITGnjugated, mouse monoclonal IgG
anti human antibodies (Beclin I, LC3, p62, Bax, -B¢lcaspase-3, Cyt -actin ), HRP
conjugated goat monoclonal antimouse 1gG antib&tyase-A, PI, DMSO were purchased
from SIGMA, USA. Ham’s F12 nutrient media and DMEMtrient media (supplemented
with 1mM L-glutamine), Bovine Fetal Serum, Penioil streptomycin mixture, 100 mM
Fungizone (Amphotericin B) and hydrocortisone werarchased from HyClone, USA.
Trypsin-EDTA was purchased from Hi Media, India.tAmouse HRP conjugated secondary
antibody, Bradford Protein estimation kit were pwased from GeNei, India. RIPA buffer
was purchased from PIERCE, USA. chemilunoscendsstsate was purchased from
Thermo, USA, and other chemicals were of analytizable and were purchased from Sisco

Research Laboratory, India.

2.2. Maintenance of Cell Culture

Human lung carcinoma (A549) cells were maintaimredHam’s F12 nutrient media, human
normal lung fibroblast (WI38) cells and human btesencer (MDA-MB-231) cells were
maintained in DMEM nutrient media and human oratciceoma (SCC25) cells were
maintained in Ham’s F12 nutrient media and DMEMtriemt media (1:1 ratio)
supplemented with 400 ng/ml hydrocortisone, 2.5 iylutamine, and all these media were
additionally supplemented with 1mM L-glutamine, 1®tal bovine serum, 0.2% NaHGO
1 mM penicillin, 1 mM streptomycin and 1 mM fungi (pH 7.4). The cells were cultured

at 37 °C maintain humidified atmosphere which comg 5% CO2. Cells were grown in



tissue culture flasks until they were become 80%flaent before trypsinization with 1%

trypsin-EDTA and splitting.

2.3. Cytotoxicity assay

By using MTT (3-(4,5-dimethyl thiazolyl-2)-2,5-diphyltetrazolium bromide) assay we
measured cytotoxicity induced by ligands in diffareells. At first, cells were plated in 96-
well culture plates (1 X T0cells per well). After 36 h incubation, the cellsre treated with
ligands for required time. MTT (5 mg/ml) was dissad in PBS and filter sterilized, then 20
pl of the prepared solution was added to each arell cells were incubated until a purple
precipitate was visible. Then 100 pul of triton-Xsvadded and left the well in the dark for 2 h
at room temperature. The absorbance was measuraa BhISA reader at a test wavelength
of 570 nm and a reference wavelength of 650 nntePdsge of cell viability was calculated
by the following formula:

% inhibition = (100 - (A/ A x 100) x %

A: and A indicated the absorbance of the test substances smivent control,

respectively.[28, 29]

2.4. Colony Forming Assay

Cells were seeded into 35 mm plates. After 24 tucel cells were treated in the presence or
absence of ligands . After treatment, cells wetached from plates by using trypsin-EDTA.
Then cells were suspended in fresh culture mednuintfzose were plated 200 cells/well in to
24-well microtiter plates and allowed to grow fot tlays under normal cultural condition
(37°C, 5% CQ). After 14 days, media were removed from wells aagdhed with PBS, fixed

with 4% para-formaldehyde then 0.05% crystal vialas added and incubated for 30 min to



stained colony. Samples were washed with waterfiaadly measured OD at 540 nm after

solubilising crystal violet in methanol [20].

2.5. Cdll cycle phase distribution analysis

Effect of ligands on cell cycle progression of A5glls were monitored by flow cytometer
using BD FACSCalibur instrument and analyzed by FE@ress software. The cell cycle
distribution patterns were determined after proogssf treated cells with RNase A followed

by staining with PI [28, 29].

2.6. Estimation of apoptotic cells

Apoptosis was measured with an annexin V-FITC aggptdetection kit. Cultured A549
cells (1 X 16) were incubated with different ligands for 72 tppkoximately 1 X 18 cells
were then stained for 15 min at room temperatuthendark with fluorescein isothiocyanate
(FITC)-conjugated annexinV (1 pg/ml) and propiditiodide (PI) (0.5 pg/ml) in a G&
enriched binding buffer, and analyzed by a two gofow cytometric assay. Annexin V and
Pl emissions were detected in the FL1 and FL2 oblanof a FACSCalibur (Becton-
Dickinson, USA) using emission filters of 525 an@s5nm, respectively. The annexin V-
negative/Pl-negative population were regarded amalp healthy cells, while annexin V-
positive/Pl-negative and annexin V-positive/PI-pi@si were taken as a measure of early
apoptosis and late apoptosis, respectively. Tha eare analysed using FCS Express

software [28, 29].



2.7. Detection and quantification of AVOs by acridine Orange (AO) and
monodansyl cadaverine (MDC)

Acridine orange stain acidic vacuoles by appearasfceed fluorescence and when it is
localized in cytoplasm and nucleus, then it appaargreen. Monodansyl cadaverin (MDC)
selectively labels autophagic vacuoles. Therefare,used these two probes separately to
stain AVOs. For fluorescence microscopic of imagiigAVOs, cells were seeded on cover
slip at 35 mm plates and incubated in the presandeabsence of ligands. After treatment,
cells were washed with PBS, then acridine orangeg/fhl), or monodansylcadaverin (50
KM) was added and incubated for 15 and 10 min otisqedy. After incubation, cells were
washed with PBS, mounted into slides and imageg waken by fluorescence microscope
[30].

For quantification of AVOs by flow cytometric metthocells were treated with or without
ligands. After the treatment, cells were removednfiplates by trypsin-EDTA. After washing
with PBS, samples were incubated with acridine gea(ipg/ml) for 15 min and samples

were analyzed using the FACScan flow cytometerFD8 Express software [30].

2.8. Detection of Mitochondrial Membrane Potential (MMP) by JC 1 staining

Mitochondrial membrane potential changes were tietleasing the fluorescent probe JC-1
(Sigma, USA), a lipophilic cationic dye which acaulates in the living mitochondria. At
low MMP, the dye exists as a monomer and emitsrgii@erescence, but with the increase in
the MMP, JC-1 forms J-aggregates. Dye aggrega¢iadd to a shift in fluorescence emission
from green to red. For flow cytometric analysisated A549 cells were incubated for 15 min
with 1 xg/mL JC-1 in culture medium at 37 °C. Green fluosgse and red fluorescence
were detected by FL-1 and FL-2 filters, respecyivaesing Becton Dickinson FACSCalibur

and then analyzed by FCS Express software [29, 30].



2.9. Detection of ROS Generation by DCF-DA staining

ROS generation was determined by DCF-DA stainingguiow cytometer. Briefly, A549
cells (1 X 16) in DMEM media were treated with ligands for 72 treated cells were
detached with trypsin-EDTA, and washed twice witBSP To assess the ROS generation
cells were re-suspended in 0.5 ml PBS containing IODCF-DA (sigma) for 15 min. Cells
were then subjected to Becton Dickinson FACSCaliourflow-cytometric assay and data

was analyzed by FCS Express software [29, 31].

2.10. Western blot analysis

After ligand treatment, cells extract were prepaogdusing RIPA buffer. Western blot for

different cellular pathways like apoptosis or altagy regulatory proteins (p53, Bcl-2, bax,
caspase 3, Cyt C, LC3 Il, and Beclin 1) of treatetls were performed. Primary antibodies
dilutions were done according to manufacturer’'drutdion. -actin was used for loading

controls [30]. The protein concentration was esteddy the method of Bradford [32].

2.11. Satistical Analysis

Data are presented as the mean of at least thllepandent experiments along with standard
error of the mean (SEM). Statistical analysis ofadewas done by one-way analysis of

variance (ANOVA), with Student—Newman—Keul testusyng Sigma plot 11.0. The P value

<0.05 was considered to be statistically significan
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3. Results

3.1. Effect of ART on cell viability of A549 and W38 cell line

The effect of ART on cell viability of non-smalklt lung carcinoma A549 cell line and

normal lung WI38 cell line were determined by M@3say. Cultured both A549 and WI38
cells were treated separately with (0 - 1@00 ART for 48 h and (0 - 250M) ART for 72

h and cell viability of ART-treated A549 and WI86lIs were estimated separately (Fig.1A
and B). Results of the experiment showed that dependent increase of cytotoxicity of
ART in treated-A549 cells. The calculated;d®@alue of ART for lung carcinoma A549 cells

was 395.2 + 6.71M for 48 h and 142.5 + 5.4M for 72 h treatment. However, very little

cytotoxic effect of ART was observed in normal lufMy138) cell, as we found that nearly

92% and 86% cells were remained viable, when Wi&& were treated with 10QM

ART for 48 h and 25QM ART for 72 h.

3.2. Effect of ART on chlonogenic survival of A549 cells

We used clonogenic assay to determine antitumaritgodf ART. We found that the colony
formation ability of A549 cells was decreased irseladlependent manners. For example,
when A549 cells were treated with 150 uM ART, aftdrdays, cells were only able to form

50% colony as compared with vehicle control (Figal@ D).

3.3. ART increased sub G1 population in cell cycle distribution and apoptosisin A549 cells

Cell cycle distribution of 72 h ART-treated A549Isenere analysed using flow cytometer.
Any specific cell cycle arrest pattern in ART-tre@tcells was not observed but analysis of
data showed that sub-G1 population, which indicatdk death, were increased in a dose-

dependent manners (Fig. 2A). About 35 = 2.9 % aad:-3l.1 % population of cells were
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present at sub-G1 phage, when cells were treat@dabd 150uM ART respectively,
whereas in vehicle control cells, only 7 £ 2.3 %scevere present in sub G1 phase (Fig. 2B).
Generally hypoploidy SubG1 population represeptgtotic mode of cell death. To confirm
the mode of cell death, we used annexin V and gdrom iodide double staining flow
cytometric method for estimation of population agoptotic cells in ART-treated A549
cells. At 1G, dose (150 uM) , 31.43% cells were found to béyespoptotic and 4% cells
were in late apoptotic but in ART-untreated contemlls, only 2% early apoptotic
populations were found (Fig. 2C). Pretreament wetkspase inhibitor z-VAD-FMK (50 uM
treatment for 2 h) caused reduction of apoptosis ART-treated A549 cells, which
indicating casapase dependent apoptois mode ofdegth.. Furthermore, we analyzed
expression of pro- and anti-apoptotic proteins RiTAreated cells by western blot. We found
that anti-apoptotic protein like Bcl-2 was down ukged, whereas pro-apoptotic proteins bax
and cleaved caspase-3 were upregulated (Fig. 2Rgrefore, these results indicated that

ART induced apoptosis in A549 cells.

3.4. ART treatment induced autophagy in A549 cells

We observed that several stress vacuoles in th® ABUs were appeared after artemisinin
treatment (Fig. 3A and B). These vacuoles miglseadue to the autophagy induction by
artemisinin. To confirm that we used acidic vacsalalicator acridine orange for observing
the autophagy vacuoles using flow cytometry andrgscence microscopy. Interestingly, in
fluorescence microscopic study, huge amount ofoyello red vacuoles were observed in
artemisinin-treated A549 cells (Fig. 3C and D).wWloytometric study also supported the
same observation (Fig. 3G and H). Latter for furtbenfirmation of autophagy, we used
monodansylcadaverin (MDC) staining that specificalccumulated in mature autophagic

vacuoles rather in other early acidic endosomalpatments. MDC staining revealed that

12



huge amount of green AVOs formation occurred i0 i1 ART treated cells after 48 h
(Fig. 3E and F). Similar results were also fourmlvflcytometric analysis of ART-treated
A549 cells when probing with MDC (Fig. 31 and J).

In addition to these, we analysed the status oke#pgession of autophagic marker proteins
like LC3-1l, p62 and Beclin I in 48 h ART treatedlls by western blot technique. Results of
the experiments demonstrated that LC3-1l, p62, iBelclWere upregulated in ART-treated

cells in a dose- dependent manners (Fig. 3K).

3.5. Time-dependent autophagy and apoptosis induction in ART treated A549 cells

We were interested to examine whether continuouspaagy was caused to induce
apoptosis? Time-dependent autophagy and apoptesesmonitored in ART-treated A549
cells. Cultured A549 cells were treated with 18@ ART, and autophagy and apoptosis
were monitored with time till 72 h. We observedtthiane-dependent increase of MDC
fluorescence in ART-treated A549 cells upto 48 t tren it was decreased at 72 h (Fig. 4A
and C). Whereas annexinV/PI positive apoptoticscekre increased continuously in a time-
dependent manners upto 72 h (Fig. 4B and D).

We also analysed the expression status of Beclias|autophagic marker) and cleaved
caspases 3 (as apoptosis marker) in@@Qqbelow IG5, value) ART treated cells at different
time point. We found that expression of Beclin lswacreased up to 48 h and then decreased
to basal level after 72 h, however, expressionledved caspase 3 level was increased in a

time-dependent manners (Fig. 4E).

3.6. Effect of autophagic inhibitors on ART induced cell viability of A549 cells
Earlier reports demonstrated that manipulation wtbphagy using late stage autophagy

inhibitors increased the potency of anticancerntgfEl6, 19, 20]. Hence, we used late phase
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autophagy inhibitor chloroquinine (CQ) and estirdatee cell viability of ART treated A549
cells . We used two treatment regimes for CQ tsisiee A549 cells towards ART. For pre-
treatment regime, we treated A549 cells with 25-ABDCQ for 12 h and subsequently after
washing the cells, treatment with &1 ART for 72 h was performed. For co-treatment, we
used 75uM ART and different concentration of CQ (2.5-gM) simultaneously to treat
A549 cells for 72 h. In both the cases, we measwat viability by MTT assay and
calculated combination index (Cl) (Fig 5A-D). Weufal that CI value of pre-treatment (Fig.
5A and C) were much more lower than CI valuesosfreatment (Fig.5 B and D), indicating
pre-treatment had synergistic effect where as eattnent had nearly an additive effect.
Furthermore co-treatment also reduced cell vigbitif normal cells (Fig. 5E) but pre-
treatment did not have any cytotoxic effect tovgarsbrmal cells (Fig. 5F). These results
indicated that pre-treatment regime had betterrmytéhan co-treatment regime to increase
the anti cancer potency of ART. We selectedubD CQ (pre-treatment) and 168V ART
combination dose for further experiments as contlaneof these two low doses had better

combination index. This would be designated as ¢oation treatment.

3.7. Effect of CQ on ART induced clonogenic survival of A549 cells.

To determine whether CQ pre-treatment potentiales antitumor activity of ART, we
performed clonogenic assay. It is reported thatithetro clonogenic assays correlate very
well with in vivo assays of tumorigenicity in nude mice [33]. Werfduhat when cells were
pre-treated with 5aM CQ for 12 h and followed by treatment with &2 h, after 14 days
only 25% cells were able to form colonies, whergamdividual treatment with ART (75
uM) and CQ (5QuM), 86% and 78% cells were able to form colonidsrat4 days (Fig. 5G
and H) respectively, which indicated pre-treatmehCQ potentiated antitumor activity of

ART.
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3.8 Pre-treatment of CQ enhanced the subG1 population and apoptosis in ART-treated A549
cells

As hypoploidy of cells indicate cell death, we wehto examine the effect of pre-treatment
of CQ on induction of hypoploidy cells by ART ansilyg sub-G1 phase of the cell cycle. We
observed that individual treatment of CQ (BM for 12 h) and ART (75uM for 72 h)
resulted only 8% and 19% subG1 populations, howewtien cells were treated with
combination of CQ (pre-treatment with pM for 12 h) and ART (79uM for 72 h), the
subG1 population was increased to 54% (Fig. 6AEnd

The mode of cell death was determined by annexi ¥fter combination treatment with CQ
and ART (Fig. 7C). In control experiments, whernelere treated with separately CQ (50
uM for 12 h) and ART (7uM for 72 h), and the apoptotic populations were &3 16%
respectively, but in case of combination treatmepipptotic population was increased to
40% (Fig. 6C). But caspase inhibitor z-VAD-FMK dmishes this effect.

Furthermore we compared expression of pro andapaptotic proteins in individual (CQ
and ART) and combination (CQ + ART) treated celjswestern blot. We found that anti-
apoptotic protein like Bcl-2 was more down regullatéhereas pro-apoptotic proteins bax and
cleaved caspase-3 were more up-regulated whenvegtistreated in combination compared

to individual treatment (Fig. 6D).

3.9. Pre-treatment of CQ enhances ART induced AVOs formation in A549 cells

CQ is a lysomorphic agent that inhibits late phaséophagy and thus increases AVOs
accumulation in the cytoplasm. Previously, we obseérthat ART induced AVOs formation
in A549 cells (Fig. 3A-J). By flow cytometric analg, we found that number of AVOs in 75
uM ART treated cells for 48 h significantly incredsehen cells were pre-treated with 50

uM CQ for 12 h and then treated with ¥ ART for 48 h (Fig.7A and B). These data
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indicated that due to inhibition of autophagy atelgphase by CQ, the AVOs were
accumulating in ART treated cells.

Moreover, when we monitored time-dependent autoplggMDC staining in A549 cells
after pre-treatement of CQ and followed by ART arwe found that autophagy remained
incomplete, as AVOs were continuously getting acalated along the whole time-course of

treatment i.e. 72 h (Fig.7C and D).

3.10. Pre-treatment with CQ decreased mitochondrial membrane potential and increased
ROS generation in ART treated A549 cells

To examine the effect on mitochondria of ART treélatells after inhibiting autophagy by
CQ, we used JC1 staining assay to observe the moiaicial membrane potential. We found
that inhibition of autophagic by CQ significantlyeateased mitochondrial membrane
potential in ART treated cells, which indicatedattlaccumulation of damage mitochondria
(Fig. 7 E). We also observed that levels of cytasalytochrome C was increased in
combination treatment of CQ and ART (Fig. 7F).

Previous reports suggest that cytotoxic ROS magdreerated from damage mitochondria
[34]. We found that inhibition of autophagy by C€reatment significantly increased ROS
in ART treated cells, as compared with only ARTatreent (Fig. 8A). We used NAC which
is a ROS scavenger to investigate the effect of RlDSautophagy induction in both
individual and combined treated A549 cells. We obsé that NAC significantly reduced
AVOs in both single and double treated A549 cdHig.(8C). Furthermore, scavenging ROS
by NAC decreased the cleaved caspase 3 expredsign8E) and subsequently blocked
apoptotic cells death (Fig. 8D) in both ART (preated) and CQ plus ART-treated A549

cells (Fig.8 C-E), therefore enabling protectiorcéd viability (Fig. 8B).
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3.11. ART induced autophagy in other cell lines

We were interested to extent our study to oth#rlioes to examine whether ART induced
autophagic induction was cell specific or not. Rissdescribed in Fig. 9 show that in both
oral cancer (SCC25) and breast cancer (MDA-MB-2#lls, treatment with ART increased
expression of LC3-Il and accumulation of MDC itratellular puncta and this expression of
LC3-Il and accumulation of MDC were further incsed, when autophagy was inhibited by
CQ (Fig.9A, B, E and F). Furthermore, p CQ pre-treatment (for 12 h) also decreased the
viability of ART treated SCC25 and MDA-MB-231 t(Fig. 9C and D). In both the cells,
combination treatment caused apoptosis mode ofiealh as we found that cleaved caspase
3 level was increased in both cells lines in doul#atment compared with single treatment
(Fig 9E and F). Therefore, all these data suggdsidnduction of autophagy by ART was
not cell specific and also inhibition of this aubtagy by CQ sensitized cancer cells towards

ART.

4. Discussion
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Artemisinin (ART) is a well-known anti-malarial dyu[1l]. Recently, it gets attention to
several researchers because of its target canteand shows anticancer property [2, 3]. But
it is not considered as effective against cancer wuits low Potency. In this study, our
objective was to increase its effectiveness witholianging its selective nature against

cancer.

In our study, we demonstrated that ART was selelsticytotoxic to non-small cell lung

cancer (A549) cells (Fig. 1A-D) and apoptosis waes node of cell death in ART-treated
A549 cells (Fig. 2 C and D). During the courseA®T treatment autophagy process were
also induced (Fig. 3A-K) and the time-dependentdytindicated that autophagy was
increased up to 48 h after ART treatment (Fig 4A &) and then it was reduced to basal
levels, whereas apoptosis was increased in a tepertient manner till 72 h study (Fig. 4B
and D). These data demonstrated that autophagywal-survival in ART-treated cells for

initial stage of 48 h of treatment, after that esige autophagy led to cell death.

Several contradictory views of the role of autophag cancer chemotherapy have been
reported, where autophagy either promotes or ithégpoptosis [34, 35]. Here in our study,
we observed that autophagy was cell survival déiainstage of ART treatment. The strategy
was that if we would inhibit ART-induced autophaatyinitial stage, then the Potency of
anticancer property could be increased. Howevand@ase the Potency of anticancer agents
by autophagy inhibition depends on the type ofscedixtent of damage and also type of
autophagy inhibitors [36]. Late phase autophadnhitors were more efficient than the early

phase autophagy inhibitors [16].

In this study, we used late stage autophagy irdrib@Q to manipulate ART induced
autophagy and apoptosis process in A549 cells.dBemitophagy inhibition property of CQ,

it is also being clinically used as a drug for saleliseases like malaria. For comparative
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study, we used two different treatment regimes haded on combination index, pre-
treatment of CQ was found to be more effectiventoaase the potency of artemisinin than
co-treatment (Fig.5A-E). Additionally, pre-treatnbém contrast with co-treatment not altered
the selective anticancer property of artemisininergfore, we selected pre-treatment regime
to study further and we found that CQ pre-treatmeffiectively sensitized cancer cells
towards ART ( Fig. 5F) by decreased the cell vighil decreased colony forming ability
(Fig. 5G and H) and increased percentage of apoptells (Fig. 6C and D) in combination

treated A549 cells.

We further investigated the mechanism of autophalgipition by CQ which sensitized ART
induced apoptosis in A549 cells. We found inhibitiof autolysosome formation of pre-
treatment with CQ significantly increased AVOs fation (Fig. 7A and B). This is the
pathognomonic features of autophagy inhibition 1y, @nd these AVOs were not removed
from the cells rather accumulating through, the vhione course of combination treatment
(Fig. 7C and D). Consequently the cause of apapiasine combination treatment might be
due to the interruption of degradation of damagéochiondria within the accumulating
AVOs in A549 cells as mitochondrial membrane patgridecreased in combination treated
A549 cells (Fig. 7E), is similar to earlier repor87, 38] decrease of mitochondrial
membrane potential allows Cyt C to release fromoahibndria to cytosol and subsequent
initiation of apoptosis occurs.

Moreover, as resembling with earlier reports [3@f found that unprocessed damage
mitochondria also might increase ROS generationombination treated A549 cells (Fig.
8A) and to understand the function of this ROS fation, we used antioxidant NAC. NAC
treatment completely inhibited ART induced autopbggocess and apoptotic cell death
(Fig.8 C-E) and also decreased the cell viabilitgambination treated A549 cells (Fig. 8B).

This observation suggested that induction of ROS avaimportant criterion in ART induced
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apoptotic cell death under suppressed autophagiditcan. Now this accumulation of ROS
might eventually induce caspase-dependent apopitosis49 cells (Fig. 8A and B).

We extended our study to find out whether ART irethautophagy was cell type specific or
not, we found that ART induced autophagy in différeell lines (SCC25, MDA-MB-231)
and inhibition of this autophagy by CQ sensitizedse cancer cells towards ART (Fig. 9A-
F). Therefore, our data suggest that CQ is a draglwalready in clinical usage and
repurposing it as a new adjuvant in selective anger therapy with ART would be useful,

practical and cost effective.

5. Conclusion

Our data suggest that autophagy is induced by ARMmgawith apoptotic cell death in a

variety of cancer cells, and inhibition of this @plhagy by late autophagy inhibitors CQ
increases ROS dependent apoptotic cell death. &Sappropriate manipulation of autophagy
by using CQ provides a powerful strategy to inceetdse Potency of selective anticancer

property of ART.
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Figure Legends

Fig. 1. Effect of ART on cell viability and colony formingbility of A549 cells. (A) The
cell viability of A549 and WI38 cell lines after ARtreatment (uM - 1000 uM) for 48 h
were determined by MTT assay. (B) The loss of eelbility of A549 and WI38 cell lines
after ART (0 - 25QuM) treatment for 72 h were determined by MTT asg@yD) Colony
forming ability of A549 cells after ART treatmernrf72 h was determined by clonogenic
assay. All data are represented as mean + SEM (TPOS with respect to control) and

representative of at least three independent expets.

Fig. 2. Effects of ART on cell cycle progression and intitut of apoptosis in A549 cells.
Cultured A549 cells (1 x faells/ml) were treated with ART (0—15M) for 72 h. (A) The
distribution of the cell cycle was analyzed by flawytometer. (B) The bar diagrams
represents percent of hypoploidy subG1 populatierevpresent in different concentration of
ART treatment. All data are represented as mearEM P < 0.05). (C) ART (IG
concentration) was added to the A549 cells ands aeéire incubated for 72 h. Apoptosis
(annexin-V positive and Pl negative for early aptiptand annexin-V and Pl both positive
for late apoptotic) cells were analyzed by flow ayeter (details are described in the
Experimental section). Dot plot representationsimiexin-V-FITC-fluorescence (x-axis) vs.
Pl-fluorescence (y-axis) are displayed. All date aepresentative of at least three
independent experiments. (D) Western blot analykdifferent apoptosis regulatory proteins
(Bax, Bcl-2, cleaved Caspase 3) to confirm inductaf cellular apoptosis due to ART
treatment.B-Actin was used as a loading control. All data rgresentative of at least three

independent experiments.
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Fig. 3. ART induced autophagy in A549 cells. (A-B) Formatiof vacuoles in ART treated
A549 cells. Bright field microscopic images of vekitreated (A) and 150M ART treated
(B) A549 cells for 48 h were taken with Olympusened microscope model CKX41. The
black arrows in panel B indicating vacuole formatim ART-treated A549 cells. (C-D)
Fluorescence microscopic images of AVOs formatiorfO -150uM) ART-treated cells by
acridine orange staining. AVOs were appeared asAkdlata are representative of at least
three independent experiments. (E-F) Fluorescenceseopic images of AVOs formation
in (0 -150uM) ART treated cells were probed by MDC. AVOs wappeared as green. All
data are representative of at least three indep¢ratperiments.

(G) Flow cytometric quantification of AVOs formati in ART treated cells after stained
with acridine orange, the red fluorescence of @meidorange was quantified by flow
cytometer. All data are representative of at léhste independent experiments. (H) Mean
fluorescence intensity of red fluorescence of ameidorange was plotted against vehicle
control and 15QM ART treated cells. All data are represented aamqme SEM (*P < 0.05).
() Flow cytometric quantification of AVOs formatiain ART treated cells after stained with
MDC, the green fluorescence of MDC was quantifigd flow cytometer. All data are
representative of at least three independent axpets. (J) Mean fluorescence intensity of
green fluorescence of MDC was plotted against obrtind 150uM ART treated cells. All
data are represented as mean + SEM (*P < 0.05)W&3tern blot analysis for expression of
autophagy marker beclin I, LC3, p62 in differenhcentration of ART treated A549 celfs.
Actin was used as a loading control. All data aresentative of at least three independent

experiments.

Fig. 4. Time-dependent autophagy and apoptosis inductiolRY in A549 cells. (A)

Cultured cells were treated with 1pM ART and the status of autophagy was determined by
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flow cytometry at different time point after staigi the AVOs by MDC. All data are
representative of at least three independent axpets. (B) Cells were treated with 1581
ART and apoptosis were estimated by flow cytometedifferent time point by using
Annexin-V/PIl double staining. All data are represéime of at least three independent
experiments. (C) Mean fluorescence intensity ofegrdluorescence of MDC (relative
guantification of AVOs) was plotted against diffetéime point of ART treatment. . All data
are represented as mean £+ SEM (*P < 0.05). (D)cdPerof apoptotic cells was plotted
against different time point of 15M ART treatment. . All data are represented as mean
SEM (*P < 0.05). (E) Western blot analysis of altagy and apoptosis marker beclin | and
cleaved caspases 3 respectively at different timatg@ p-Actin was used as a loading

control. All data are representative of at least¢hindependent experiments.

Fig. 5. Inhibition of ART induced autophagy by CQ incredsell death of A549 cells. (A)
Cells were pre-treated different concentration ¢ (©-100uM) for 12 h, then media was
removed, and 75M ART was added, incubated for 72 h, cell viabiktyas determined by
MTT assay. . All data are represented as mean + 8PM 0.05). (B) Cells were co-treated
with CQ (0-100uM) and 75uM ART for 72 h, MTT assay was performed. (C-D) Tyre-
treatment Cl values (C) and co-treatment Cl val(I2s of different combinations were
calculated by usingalcusyn software. (E-F) Cell viability of normal WI38 celine was
determined after single CQ pre-treatment and attrent, single ART treatment and double
treatment of both, by using MTT assay. . All data eepresented as mean + SEM (*P <
0.05). (G-H) Colony forming ability of single (5aM CQ pre-treatment for 12 h or {8
ART) and double (5uM CQ pre-treatment for 12 h and then /8 ART) treated A549
cells were determined by clonogenic assay. All datarepresented as mean £ SEM (*P <

0.05) and representative of at least three indegrgrekperiments.

29



Fig. 6. Pre-treatment of CQ enhanced subG1 population pagtasis in ART-treated A549
cells. Cultured A549 cells (1 x 9@ells per mL) were single (50M CQ pre-treatment or 75
uM ART) and double (5@M CQ pre-treatment and then @™ ART) treated for 72 h. (A)
the distribution of cell cycle was analyzed by flaytometry. Data were processed and
analyzed by the FCS Express software. (B) The grappresents percent of hypoploidy
subG1 population were present in single and dotrtbetment. . All data are represented as
mean £ SEM (*P < 0.05). (C) Apoptosis (annexin-Vsitige and Pl negative for early
apoptotic and annexin-V and PI both positive foe lapoptotic) cells were measured by flow
cytometry (details are described in the Experimeséation). Dot plot representations of
annexin-V-FITC-fluorescence (x-axis) vs. Pl-fluaresce (y-axis) are displayed. Data were
processed and analyzed with the FCS Express (D)tavedlot analysis for different
apoptosis regulatory proteins (Bax, Bcl-2, cleagaspase 3) to confirm increment of cellular
apoptosis due to double treatment. All data areesgmtative of at least three independent

experiments.

Fig.7. Pre-treatment oCQ caused more accumulation AVOs in ART treated 9ABdlIs.
Cultured A549 cells (1 x faells per mL) were separate single (80 CQ treatment for 12

h or 75uM ART for 48 h) and double (5QM CQ pre-treatment and then |8 ART)
treated. (A) Flow cytometric histogram plot of AV@smation in single and double treated
A549 cells by MDC staining. Data were processed analyzed with the FCS Express
software. (B) Mean fluorescence intensity of gréearescence of MDC was plotted against
single and double treatment. Data were processedaaalyzed with the FCS Express
software All data are represented as mean = SEM<{(*P.05). (C) Flow cytometric

histogram plot of AVOs formation in different tinpoint of double treated A549 cells by
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MDC staining. Data were processed and analyzed théH-CS Express software. (D) Mean
fluorescence intensity of green fluorescence of Mi&> plotted against single and double
treatment. Data were processed and analyzed wat-@S Express software. All data are
represented as mean + SEM (*P < 0.05) and repmsantof at least three independent
experiments. (E-F) Effect of CQ on MMP change anel tytochrome c release by ART
treatment Cultured cells (1 x 10cells per ml) were single (M CQ pre-treatment or 75

uM ART) and double (5QM CQ pre-treatment and then ¥ ART) treated for 72 h. (E)

The effects on mitochondrial membrane potentialenggtermined by using flow cytometry
after being stained with JC1 dye. Histogram repressef red fluorescence vs. counts plot.
All data are representative of at least three irddpnt experiments. (F) Western blot
analysis of cytosolic Cyt C expression due to deuteatment. All data representative of at

least three independent experiments.

Fig. 8. Pre-treatment of CQ resulted generation of incrdasel of ROS and induced
apoptosis in ART-treated cells. Cells were pretgéavith 10 mM NAC for 1 h prior to 75
um ART treatment for 72 h in the presence or abseh& uM CQ pre-treatment. (A) The
ROS generation was detected using DCFDA by a flgiwroeter. Data were processed and
analyzed with the FCS Express software. All dat rapresented as mean + SEM (*P <
0.05). (B) Cell Viability of A549 cells was detema&d by MTT assay. All data are
represented as mean £ SEM (*P < 0.05). (C) Autgplveas measured by a flow cytometer
by using MDC staining. Data were processed andyaedlwith the FCS Express software.
All data are representative of at least three ieddpnt experiments. (D) Apoptosis (annexin-
V positive and Pl negative for early apoptotic amhexin-V and Pl both positive for late

apoptotic) cells were measured by flow cytometmtéds are described in the Experimental
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section). Dot plot representations of annexin-V{&ifluorescence (x-axis) vs. PI-
fluorescence (y-axis) are displayed. All data agresentative of at least three independent
experiments. (E) The cleave caspase 3 was detbgte@dmunoblotting wherg-Actin was
used as loading control. Data were processed aalgzad with the FCS Express software.

All data are representative of at least three ieddpnt experiments.

Fig. 9. Inhibition of autophagy by pre-treatment CQ semsdi ART towards other cancer
cells. Cultured cells (1 x #@ells per mL) were single (56M CQ pre-treatment or 76M
ART) and double (50M CQ pre-treatment and then 78V ART) treated. (A-B)
Fluorescence images of MDC fluorescence of punetaatophagosome in single and double
treated SCC25 (A) MDA-MB-231 (B) were taken afteB # treatment. All data are
representative of at least three independent axpets. (C-D) The cell viability of 0-100M
ART treated SCC25 (C) and MDA-MB-231 (D) cells waghwithout pre-treatment of 5M

CQ was determined by MTT assay. All data are represl as mean + SEM (*P < 0.05) (E-
F) The cleave caspase 3 and LC-Illl was detectedmoyunoblotting in single or double
treated SCC25 (E) and MDA-MB-231 (F) after 48 hreitment . All data are representative

of at least three independent experiments.
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Highlights

Artemisinin decreased cell viability and colony forming ability of A549 cells but no-
toxicity towards normal lung WI38 cdlls.

Artemisinin induced autophagy and apoptosisin A549 cells.

Autophagy inhibition by chloroquine pre-treatment sensitized cell viability of A549 cells
towards artemisinin.

Autophagy inhibition by chloroquine increased AVOs accumulation, decreased MMP
and consequently increased ROS.

Chloroquine pre-treatment also sensitized different cancer cells towards artemisinin.



