DOI: 10.4046/trd 2010.69.1,16

ISSN: 1738-3536(Print)/2005-6184(Online)

Tuberc Respir Dis 2010;69:16-23

Copyright©2010, The Korean Academy of Tuberculosis and Respiratory Diseases, All rights reserved,

HYAETF I AgF A&2FH 3] =8 AIE
Qpfea olsioiel Ueer, SgReinaa), Jelshin, MAEeln, st
) Falel’ 3Ee 228, le) dee 2u) oE’ ool weof, B4R ol 8

Induction of Autophagy by Low Dose of Cisplatin in H460 Lung

Cancer Cells
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Background: Most lung cancer patients receive systemic chemotherapy at an advanced stage disease. Cisplatin-based
chemotherapy is the main regimen for treating advanced lung cancer, Recently, autophagy has become an important
mechanism of cellular adaptation under starvation or cell oxidative stress, The purpose of this study was to
determine whether or not autophagy can occurred in cisplatin-treated lung cancer cells,

Methods: H460 cells were incubated with RPMI 1640 and treated in 5 #M or 20 #M cisplatin concentrations at
specific time intervals. Cells surviving cisplatin treatment were measured and compared using an MTT cell viability
assay to cells that underwent apoptosis with autophagy by nuclear staining, apoptotic or autophagic related
proteins, and autophagic vacuoles, The development of acidic vascular organelles was using acridine orange
staining and fluorescent expression of GFP-LC3 protein in its transfected cells was observed to evaluate autophagy.
Results: Lung cancer cells treated with 5 M cisplatin-treated were less sensitive to cell death than 20 ©«M
cisplatin-treated cells in a time-dependent manner. Nuclear fragmentation at 5 «M was not detected, even though
it was discovered at 20 M. Poly (ADP-ribose) polymerase cleavages were not detected in 5 M within 24 hours,
Massive vacuolization in the cytoplasm of 5 M treated cells were observed. Acridine orange stain-positive cells
was increased according in time-dependence manner, The autophagosome-incorporated LC3 II protein expression
was increased in 5 #M treated cells, but was not detected in 20 uM treated cells. The expression of GFP-LC3
were increased in 5 #M treated cells in a time-dependent manner,

=

Conclusion: The induction of autophagy occurred in 5 #M dose of cisplatin-treated lung cancer cells,
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1. X2

1) NZF

NCI-H460 thHE #H|9F M¥EF+= ATCC (American
Type Culture Collection, Manassas, VA, USA)25E] +
Aate] A WA A

2) Alet & 717

RPMI 1640, 3H8A, trypsin 2 $-Ejo} &H(fetal bo-
vine serum, FBS) & Al|Zujke] Q3 A5+ GIBCO
BRL (Grand Island, NY, USA) A& T+Usl5o™, vk
£71(24-well plate, 48-well plate, 6 cm dish, 10 cm dish)

+ Nunc (Thermo Fisher Scientific, Roskilde, Denmark)

o] Flekel AHaIsiet. ALER0.5 mymbe )
EA|2E3]AKSeoul, Korea)ollA Alg ol A3 785t
t}, 3-methyladenin (3MA), Hoechst33342, Propidium
lodide (PI), 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenylte-
trazolium bromide (MTT), Acridin orange (AO)¥ Sigma
(St Louis, MO, USA), Annexin V-FITC M¥AIE 7= 7]
E+ Assay Designs (Ann Arbor, MI, USA)ol|A +45}91
t}. Poly (ADP-ribose) polymerase (PARP) &A= Cell
Signaling (Boston, MA, USA), MAP-LC3, Actin, GAPDH
A= Santa Cruz Biotechnology (Santa Cruz, CA, USA),
22} §H4l= Amersham (Buckinghamshire, UK), Polyvi-
nylidene Fluoride (PVDF) membrane¥} Enhanced Che-
miluminescent kit (ECL)< Milipore Co. (Billerica, MA,
UsA)ellA T-skeict.

2, Wy

1) HY MESF uied L Al2x 2]

NCI-H460 M= CO, Al ZHIF71(37°C, 5% COz)ollA
1% 3AA2} 19 HEPES 18]3 10% o} dH o] Z&t
¥ RPMI 1640 vjFl o2 vfjekslol o, 2443 742
2 A wAste] log phased] = MEER AES
233kt wjokE AlEol 5 4M (LD 20), 20 #M (LD
50) Al=ZEES A2l §, 0ARE, 122KE, 24A1KE, 484
AR AFAYEES S8

2) NIZMES 53

NCI-H460 o} MFE(5%10" cells/mL)= 48 well plate
AE kel E53te] 12413F o)A CO, AIE Wi Y7]
okollx] SHAAIZILE, 5 1M, 20 uM AlXZefEle Ae] &
AE AJgbe] gEg=o] MIT €-9H(5 mg/mL, phosphate buf-
fered saline [PBS], pH 7.4)- wjkel 2u]e] 11094 3
7kake] 4AIRE HEGAIZITE 4AIRE - uiFR S A Skl
0.5 mL DMSOE F7}ate] Aokl Al E el o3 AJ/34
B formazang S3AI7] T2, 96 well-§ E3-4 A
(THERMOmax, Sunnyvale, CA, USA)E o|-&3}e] 595
nm 3FolN FRES SAT o] FBE s 0%

ao] AEAEES A4 o)z} Hlasel MEE00
EACE
3 HES| e vt B

AoEeEe Aejd F ALe) Fejstael walE w
2317 98 H460 AEE 24-well plateol] EF3F & 5

M, 20 M A 2Zgfelo] F5HE Hjekox] 24417F, 48
A7k o 3 HR|S 25 A ASKL PBS (pH 7.4)2 23]

17



JH Shin et al: Autophagy in cisplatin-treated lung cancer
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38} #n|Z(Olympus, Tokyo, Japan) Q&2 A Ee] sz}
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F 2442, 48Ak] ATl jAE BT A
3.7% formaldehyde -8-<of| 30827t 3G A17] Th PBSE
23] A|H8}IL 10 #M Hoechst 333428 1087+ A5+ &
THA] PBSE AlHslo] §Fand o s DNA 28-S
dste] AZIARE ERlsklnt. BEgk AlE k] A
A F4S flete] A DNAS Annexin VE2 FAsH &
2] A EZE27)(FACS Vantage flow cytometry; Becton
Dickinson Immunocytometry System, San Jose, CA,
USA)Z o]-&3ldch. iz Al~Z2kd 5 1M, 20 uM
& A2fgk AEE 24ARE vt Fol] ERALS AR5
i Rdolld wlofd 5, EFlske] PBSE AHskoitt. AlH
H AlZ] AZIAE BASP] S8 AXuAL AHE 7IE
(Assay designs)& AREBFAOH, BAtellx] AAEE B o
w2} AJPsSt. 96 pL binding buffer (PBS containing
1 mM calcium chloride)el] FITC7} A%+ ¥ annexin V
(0.5 pg/mL final concentration)® FX-S AP}t
220l 108 F2F W3- ¥ 250 4L binding bufferg T
Ahetol 20 AERAIE olgalel Fug Un 24
2 Cell Quest software (Becton Dickinson, Franklin
Lakes, NJ, USA)E o]&3}it}.

5 RotzA| gols 2Ist Fejsty & 7|

ye

APFEAL- acridine orange @S o]835F M|EA U
234 F A (acidic vesicular organelle), plasmid GFP-LC3
AEAE W R, LGB L 1 e S Bl St
Acridine orange A& 5 1M A|2ZEE-S A 2|gk Al
2 217} 22, 62K, 1223, 244 1Y, 48212 I 5
PBSE 23] Al&gl thg- 1 pg/mlL acridine orange (AO)S
37°ColA] 158 B2t WREAIZIL), g 3 PBSE AL
A2 W AAAEAE AT Plasmid GFP-LC3E
A& ot o) s mpRRE 5 ol Azl Al
43Ik, HA60 AMEGX107/mL)E 48 AL wjekstol 1
& okHsIAZl & 1 pg plasmid GFP-LC3 DNAS Lip-
ofectamin 2000 (40 wI/mlL), transfection -&4(Invitro-

af

or
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gen)2 o838t AX W= FA = (transfection) S A
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B3] AEA oA weg-s LRIt LC3 1, 1T o
2 s ol y] fls) wiYFE HA0 AEE TRt
71 PBSE 23] A|Xg § }2f-8-<4(50 mM HEPES,
pH 7.4, 150 mM NaCl, 1% deoxycholate, 1 mM EDTA,
1 mM PMSF, 1 ug/mL aprotinin)®} 4°Col|A 3087} vk3-
AZTh, ] A EIRM (200 1g)F} SX sample buffer
£ E83te] 100°CellA] 5 7hdste] Tt dnA s =
3l Tof] 10% 2 15% SDS-polyacrylamide gel electro-
phoresis (SDS-PAGE)E A|&¥5}3ic}, A7) Byt gel
o] e AS Mini Trans-Blot (BIO-RAD, Richmond, CA,
USA)S 0]8(0.8 mA/cm)3}] PVDF membrane© 2 0|
FA]17]aL, blocking buffer (5% skim milk)$} 224 1
AIZE BESAIFTE, PARP, LC3, Actin ZL&]3l GAPDHe]
3} Sl = 0.05% (v/v) tween-200] 3-8-% Tris-buffered
saline (TBS-T)ell 1 : 1,0000.2 3J43}a] PVDF mem-
braned} 4°CollA] 12A17F o) whEAIZ o H, dxlagA ol
thet o]2}FaHA| anti-rabbit 1gG conjugated horse radish
peroxidase (HRP)Z} anti-mouse IgG conjugated HRPE
TBS-TZ 3|4(1 : 5,000)8F0] LellA 1ARE ¥hgA1%1
3 enhanced chemiluminescent kit (ECL)& o|-8-a}e] &
R

5 S 12l

FAE AR 39 o)de] SHARl Aol of
E9] H(mean)¥ EFH A} (standard deviation, SD)E
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Figure 1, Effect of cisplatin-induced cell death on H460

cells. Tumor cells were seeded at 5x10* cells per well
in 48-well flat-bottomed plates and incubated overnight
at 37°C. After treated with cisplatin (5 «M or 20 xM)
for 3 hr, 6 hr, 12 hr, 24 hr, 48 hr, and 72 hr, the viability
of the untreated cells was regarded as 100%, The viability
of cell was measured by MTT assay. Control: no cispla-
tin-treated cells, Means+SD (n=3), *p<0.05, Tp£0_01,
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Figure 2, Cell death induced by cisplatin in NCI-H460 cells did not involve apoptosis, Cells were treated with 5 M,
20 u#M or 5 ¢M cisplatin with 10 mM 3-MA for 24 hr and assayed for apoptosis by FACS following annexin V-FITC
staining. Control cells were treated with RPMI 1640 medium_ The data shown are representative of three independent

experiments,
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Control 6 hr 12 hr 24 hr 48 hr Control 6 hr 12 hr 24 hr 48 hr
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89 kDa -
PARP
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—— — e — T
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Figure 3, Lung cancer cells were treated for several times with 5 M and 20 «M cisplatin, Western blot analysis showing
effects of cisplatin, Western immunoblots probed with antibodies against poly (ADP-ribose) polymerase (PARP) & cleaved

PARP and Actin,

5 uM cisplatin

bl

20 uM cisplatin

L]
'.
Control 24 hr

Figure 4, Cisplatin induced morphologic changes of H460 cells, Direct observation of cells treated with 5 «M and
20 ¢M cisplatin for 2 hr, 6 hr, 12 hr, 24 hr, and 48 hr, Scale bar: x200. Sample were examined under a light

MICroscope,
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Figure 5, AVOs development in cisplatin-treated H460 cells and its quantificanion using FACS analysis, H460 cells con-
tained RPMI 1640 (control), 5 M, 20 «M cisplatin or 3-MA with 5 #M cisplatin for 24 hr were stained with acridine
orange and analyzed by fluorescent microscopy. Representative images in each group were shown, Note the formation
of acridine orange-accumulating AVOs (bright red fluorescence) in cisplatin-treated H460 cells, Similar results were ob-
tained in three independent experiments, *p<0.01.

Control 6 hr 12 hr 24 hr 48 hr Control 6 hr 12 hr 24 hr 48 hr

. . LC3-
16 kDa ‘ - e - z. - LCa-I
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D . &
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Figure 6, Induction of autophagic protein LC3-1 and formation of LC3-Il in H460 cells, Cells were treated with 5 «M,
20 uM cisplatin for various time periods as indicated, LC3-l (18 kDa) and LC3-ll (16 kDa) induction and conversion
of LC3-I to LC3-Il were determined by Western blotting.
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