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The Effect of Autophagy to Cell Death in Nutrient-Deprived H460
Cells
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Lee, M.D.%, Sun Rock Moon, M.D.%, Jeong Hyun Shin, M.D.', Kyung Hwa Cho, MD.', Mi Kung Lee, MD*,
Sam Youn Lee, M.D*, Soon Ah Park, MD.°, Jong Kun Park, Ph.D.°, Hui Jung Kim, M.D_", Sei Hoon Yang,
mMD

Departments of !Internal Medicine, 2Pzz[/2010gy, ?Radtiation Oncology, “Thoracic Surgery, "Nuclear Medicine, 6Biologiczzl Science,
Wonkwang University College of Medicine, Iksan, Korea

Background: Autophagy is an important adaptive mechanism in normal development and in response to changing
environmental stimuli in cancer, Previous papers have reported that different types of cancer underwent autophagy
to obtain amino acids as energy source of dying cells in nutrient-deprived conditions. However, whether or not
autophagy in the process of lung cancer causes death or survival is controversial, Therefore in this study, we
investigated whether nutrient deprivation induces autophagy in human H460 lung cancer cells,

Methods: H460, lung cancer cells were incubated in RPMI 1640 medium, and the starved media, which are BME
and RPMI media without serum, including 2-deoxyl-D-glucose according to time dependence. To evaluate the
viability and find out the mechanism of cell death under nutrient-deprived conditions, the MTT assay and flow
cytometry were done and analyzed the apoptotic and autophagic related proteins, It is also measured the
development of acidic vascular organelles by acridine orange,

Results: The nutrient-deprived cancer cell is relatively sensitive to cell death rather than normal nutrition. Massive
cytoplasmic vacuolization was seen under nutrient-deprived conditions, Autophagic vacuoles were visible at
approximately 12 h and as time ran out, vacuoles became larger and denser with the increasing number of vacuoles,
In addition, the proportion of acridine orange stain-positive cells increased according to time dependence.
Localization of GFP-LC3 in cytoplasm and expression of LC-3II and Beclin 1 were increased according to time
dependence on nutrient-deprived cells.

Conclusion: Nutrient deprivation induces cell death through autophagy in H460 lung cancer cells,
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Mrypsin) & MEH|Fel] H Q3 AF+= GIBCO BRL
(Grand Island, NY, USA) A& T HO]'?}.QE‘%, 871
(24-well plate, 48-well plate, 6 cm dish, 10 cm dish)=
Nunc (Thermo Fisher Scientific, Roskilde, Denmark)el]
A sk ARSI 2-deoxyl-D-glucose (2DG), ac-
ridin orange (AO), bicinchoninic acid (BCA), methyl-
thiazol-2-y1-2,5-diphenyl-tetrazolium bromide (MTT), Ho-
echst 33342, propidium iodide (PI), dimethyl sulfoxide
(DMSO)E= Sigma (St. Louis, MO, USA)ol|A], AZEAVE 7
% 7|E2] Annexin V-FITCE Assay Designs (Ann Arbor,
MI, USA)ol|X T-9J8}9It}. PARP, Caspase-3, HMGB1 &
A= Cell Signaling (Boston, MA, USA)llA 43 o,
MAP-LC3, Actin, GAPDH &&= Santa Cruz Biotechnol-
ogy (Santa Cruz, CA, USA)ollA TUste] ALSs)ict
Beclin 1 4] Assay Designs (Ann Arbor, MI, USA)©]|
A T4} 221 A= Amersham (Buckinghamshire,
UK)AES TY3FIH. Polyvinylidene fluoride (PVDF)
2+ Nitrocellulose (NC) %3} enhanced chemilumines-
cent kit (ECL)-& Milipore Co, (Billerica, MA, USA)ol}A]
Aatsict

2, NEFQ| H8 47 ujdzt SUZE 5l9f i

NCI-H460 ¥+ A|¥EF+= American Type Culture
Collection (Rockville, MD, USA)ZXE Fds}e] Al )
Fahir] APS AABESITE NCI-HA60 M= CO; Al
Hjg71(37°C, 5% COYelM 1% 87N} 19 HEPES 2]
I 10% Efo} EHo] E3HE RPMI 1640202 vjkslel e
™, 242t PA 0 2 wkalls wAlskelrt. Y¥EH g
& M| EZ phosphate buffered saline (PBS)2.2 F H
ARG T, ko] AR Mo WAL of
ﬂ]‘—*Hamino acid) 285 $sire Aol xR &

BME (Table 1)& AF88F3 1, ¥ (glucose)TF A4
HE friesty] fsii= 10 mM 2DGE BMES] 3718t
NZE Hleksleint, BE A8 NZAPE A4 o)
el skl s e Selal] 918 24, A1,
12A13F, 24713, 48A17F E<t Z1sg3Sict.
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Table 1, Media formulation

RPMI Basal
medium 1640 medium eagle
Components ) i
concentration,  concentration,
mg/mL mg/mL
Amino acids
Glycine 10 -
L-Arginine 200 -
L-Asparagine 50 -
L-Cystine 2HCI 65 16
L-Glutamic acid 20 -
L-Glutamine 300
|_-Histidine 15 8
L-Hydroxyproline 20 -
L-Isoleucine 50 26
L-Leucine 50 26
L-Methionine 15 75
L-Proline 20 -
L-Serine 30 -
Vitamins
Bioth 02 1
Choline chloride 3 1
D-Calcium pantothenate 025 1
Pyridoxine hydrochloride 1 -
Riboflavin 02 01
Vitamin B12 0,005
i-Inositol 35 2
Inorganic salts
Calcium nitrate 100 200
Magnesium sulfate 48 84 97.7
Sodium phosphate dibasic 800 140
Other components
D-Glucose (dextrose) 2,000 1,000
Glutathione (reduced) 1 -

1640, 10 mM 2DG7} E38FE RPMI 1640, BME, 10 mM
2DG7} E3HE BMES #7ate] 242} 0A)7F, 2417E, 64
T 12A1%F, 24413, 48A1%F EE AR AlE AE
< 18] $l3l MIT &-H(5 mg/mL, PBS, pH 7.4)¢]
HE FEE 1.2 mMo] H=E Hrsto] 4ARF T3 vk
AlFT. 4r1ZE $- wlAE A ASEAL 0.5 mL DMSOE 3
7kete] Aol Aol olsf /e Bk formazang
L7 ths, 96 well§- 2835 A(THERMOmax; Mo-
lecular Devices Co., Sunnyvale, CA, USA)E o]-835}¢]
590 nm Il FFEE SASAE AE AEES
¢ w3} vjawate] W)= FABHICH

A
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2lgt &, 7} AEE 70% &2 4°CollA 12413 o
IAAZ] T PBSE F ¥ AIFEC. AEE 1 ml Pl
oN(PL, 50 sg/mL; RNase A, 0.1 zg/mL, 0.05% NP40)
= o] 30 B elM Hash F, fAlEEA7]
(FACS Vantage flow cytometry; Becton Dickinson Im-
munocytometry System, San Jose, CA, USA)E o]-&3}<]
AZ F715 AT fFAIEEA oM de HE 24
2 Cell Quest software (Becton Dickinson, Franklin
Lakes, NJ, USA)E o|&3F3itt. ¥ delol whe A2
AFE B3] skl HA60 AlEE dZzTo HHo
3 RPMI 1640004 wiFa L, AEAL 4 iz
TO = RPMI 164000 20 uM cisplating 36417+ A 2Js}
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3 BMESIN 124RF A2faioirh, AT ERRIE A8
3o wjeltol ] wolyl %, Txlshe] PBSE A|H3h ol
AFE AzEe] AEIALE BAS] 8l 9E FE
(Assay Designs)E A8 oH, Wi AAE WS
ule} AJ3Y3FITE, 96 4L binding buffer (PBS containing
1 mM calcium chloride)dl] FITC7} A% ¥ annexin V (0.5
rg/mL final concentration)2 F4-S AJdYsFTt Aol
A1 102 B2t 9ke 3 250 w1 binding bufferE © H7}a}
of fAlZEA7IZ B8
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71 TS 3.7% formaldehyde &40 2 2204 308 &
oF IAAIZ] & PBSE AHSIaL A|E 2k G2 Ho-
echst 33342& ©o]-g3te] 3027t A4, thA] PBSE A3}
of AMAL S5 DNAS| AT S dstlet. I
gelfol] whet 2L o] A2l AHdAE A (acidic vesic-
ular organelle)7} A E 2o W =x2 <l5}7] 93}
of et I A AR 72 Aefet e
& 12ARE} 24ARE HEGAIZ) TR w kS B Al 718t
etk AEE PBSE F W ARSI 1 pg/ml acridine
orangeE F7Fske] 37°CollA] 15 Ft ¥hgAIFIH vhS-

AR F PBSE MBSl AMIAEAS #EE

.

6. H460 M|=0f Plasmid GFP-LC3 HZ Q!

GFP-LC3 A2 DNAY A-goAbehal o] 3] w
ZRE B o}l AL Wa}eir. HAO AIEG5x10"/
mL)= 48-well plate H3E BjFo] 2= (transfec-
tion)d}l7] 1Y Aol sPYA|7} E0]7FA] -2 HokHES A}
g3ato] L5k § PgskE AlFTE 1 pg plasmid DNA
o} AT gHQ Lipofectamin 2000 (40 £L/mL)< &
2 5 AR wet AFES I8ttt GFP-LC37F
Azd el daEe=AE F3An4Es salA dEst
et

7. Western blot assay

A TA19} A} 2] T odee B1sl) Sl
of kel 6O ATE TRlele] 471 PBSE 23 Al
SRSE}. o1z A Shaol(50 mM HEPES, pH 7.4,
150 mM NaCl, 1% deoxycholate, 1 mM EDTA, 1 mM
PMSF, 1 pg/mL aprotinin)@} 4°ColA] 305 FQF wh-g-A]
Ak, s AN 5X sample buffers &35t
100°ColM 523t 7hgate] ehild WS gk $ol
10%, 12% = 15% SDS-polyacrylamide gel electrophore-
sis (SDS-PAGE)E AlH&Sit}, 77]950] € gel T
22 Mini Trans-Blot (Bio-Rad, Hercules, CA, USA)< ©]
£(0.8 mA/cm)3Fe] PVDF membrane®} NC membrane
© 2 o]FA|F|aL, blocking buffer (5% skim milk)$} -
oA 1A17F ¥RE3FQItE  PARP, Casease-3, HMGBI,
MA-LC3, Becline 1, Actin 12]3l GAPDH o] that &=
0.05% (v/v) tween-200] 3+ 1% skim milkel] 1 : 1,000
© 2 3XE}e] PVDF membrane®} NC membraned]] 4°C
Xt 1248 o whgAIZ oM, dxaAol gk o]xta)

A anti-rabbit IgG conjugated horse radish peroxidase
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(HRP), anti-goat 1gG conjugated HRP$} anti-mouse 1gG
conjugated HRPE- 1 : 500002 3]A}e] Af-2ol|A] 14]
ZF 9RSAIZ] ¥, BCL kit o]83te] ddsich

8. &4 2|

FAE A= 3H oo EF] Adde|H,
One-way ANOVA testE ©]-83}3it}. ©]&2] Hi(mean)
¥} BFHAKstandard deviation, SD)E AHEste] 7=
EAEIT) A¥Ad}e] A3 2= Student’s t-teste]] &
ste] Azlslglon, pvalueZt p<0.05 A= folst 2
o= s

4 1
1, HUZEO| 98t NCI-HAE0 HEF MES

AZ7} 237338t7] sl vheA] Hagk 94l A<l
AHgrowth factor), FUA(nutrient)9} 2F4~(oxygen) ] A
Hol MEAPHe| ofugt FFs = ZAMAE Lolrr] 9
3 ARS sttt ddEdd e A RIAE
v Tekelal s A (serum)o] EFHE njoFed oA A}
e I5(Figure 1A)¥} d3o] Zohw|A] oF-2- ujofel ol A
2kt 15 (Figure 1B) 22 2319tk &3t 233}
ARgE 722 I tALE Weljste] 7 28l S oAl
s, Alatol| JFAE 2EYAE op/|8H= 2DGE Al
ol Azjste] okite] AF=E A fARRE &S v
AT, A 237 vkl RPMI 16400114 Ak &
FO 2 RPMI 164091 10 mM 2DGE A7}3H vkt
Al At T, oAk Iege] Qo] 1/3 ofstE E3)
+ BME (Table 1) WjeFelollx] 2t =, npA[2ko 2 BME
kel 10 mM 2DG7}F 7 E vk ox] Ak o g
ZA74e ekl o] Al 7HA| s ARTo R Aok &
AEo] BEEE MIT o2 gt A2 64
7k, 12ARE, 24A1%E, 48A1%F B4 218k laL AEE 54
o] 7122 wjFAS WAE 0AZRS 100%E &FIEE 10%
SHjo} A o] o] QlE T(Figure 14)M = Tl
Q] RPMI 1640 v FH ollM 2kt HA60 A7} 4841%F
&2t 30002 Aol TS E<IsklaL, BME Hi%F
A} 10 mM 2DG7}F 37} RPMI 1640 ¥y ollx] =}t
T2 47} 31%9}F 10%2] 43S Bojot, 10 mM 2DG7}
71 BME sjef A ollA] At o2 38%e] AJEAE &
Qlatelet. o] E3HA| ek = FollA] 48ARF FRLE

RPMI 1640 HlFeollA] gk 22 81%2] /3745 B
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Figure 1. Effect of nutrient deprivation on cell survival in H460 cell line, Cells were seeded at a density of 1x105 cells/mL
in 48 well plates and incubated in completely fresh medium for 20 hours, The cells were washed with PBS and the
medium was then changed to a medium without the nutrient factors, Basal medium eagle (BME) was deprived of each
nutrient and prepared by adding 10 mM 2-deoxyl-D-glucose (2DG) or 10% of dialyzed fetal bovine serum to the basal
medium, Cell survival in the presence (A) and absence (B) of serum were shown, Cell numbers at the start of starvation
were considered to be 100%. The viability of cell was measured by MTT assay, Means+SD (n=4), *p<0.05, Tp§0_01,

1, o] Ao] E3hE T-o] RPMI 1640004 A-t-wch
oF 220me] AFEECl AAHAEE A3 SAKFigure
1B). 53k ofnliedlal Errd o] 2 BME i ollx]
Ak Aol 2441} 48ARE E}tell 242 25009}
60%2] AEE g AQsigih. 5=k 10 mM 2DGE
Z o5 BME HjefY ol Abgh w2 1241kl 3496, 244
kol 520%, 48713kl 78%] frelH Q] AEE s A9

SHIL.

2, QUZE ZA SHoi[M H460 M|ZL| MIZEFT| H3}
F M= TA

HA460 MEZolA] JoF2dE 23d0] Alare] A4z} Fslo
oyugt FaFS FA| Lol YA el RPMI
1640, BME, 10 mM 2DG7} X3t BMEo|A =l 2+ 7t
o] MEE IHste] PIZ QA &, A|ZEA7|Z AR
F715 T 12AKF B vjeRA Rl & AEIAE
ofnfEh= sub G177 HiE& 1.17%, BMECIA] 2kt
1.25%, 10 mM 2DG7} 3Z3H BMECIX] Ik i 1.74%%
o4 7k ¥ £ gloln skt 871 dlaT
29.26%621 Zof| H)&] BMES} 10 mM 2DGE X385+ BME
oA Ak AL 217} 3818%, 30.6%E AES] %
7} 37Vt 3 G17]9F G2/M7 1= thzel] wal| 4
Aol FAE RIS Table 2).

=
=

o
c]

Hl

Table 2, Induction of S-phase arrest in Nutrient-deprived
condition

Cell cycle (%)
Sub-G1 Gi1 S G2/M
RPMI 1640 117 44 35 2926 874
BME 125 38.17 3818 735

10 mM 2DG+BME 174 35.67 39.6 6.23

BME: basal medium eagle; 2DG: 2-deoxyl-D-glucose,

HAGO AEollM JFAH 270 osf f=sls AlEZAL
g 7)A-e gelstaial RPMI 1640, BME L8]3l 10 mM
2DG7} E3HE BMECIA 12417 5ot vk A 22 23]
sto] MEIAF HE WHQl Annexin-V kit2 GASH &
A T4V FAE T AlEacke] At vluE
3}7] ¢J8f) 20 uM cisplating 36AXFE<H 223l & A
Earb o dlzr oz ARSI Cisplating %] 2|8k
G ol AEILARE 91.18%9] F2 7215 YEE
AR, tizww) YFEE 2704 ARt 7 AET
AT AEIARE IRIE 4 it weba] JFEF
ot AFTAPES AEIAelE tE S5l As F
=3 & Qlrh(Figure 2).

QA F ol oJgk NCI-H400 A ZAPES] E43E doti
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Figure 2, Apoptosis is not related with cell death induced by nutrient deprivation in NCI-H460 cells, Cells were incubated
in RPMI 1640 medium, basal medium eagle (BME) medium or 10 mM 2-deoxyl-D-glucose (2DG) with BME medium
(12 hours) assayed for apoptosis by FACS following annexin V-FITC staining, Control cells were contained RPMI 1640
Medium, 20 M cisplatin was used as a positive control, The data shown are representative of three independent

experiment,

7] $I8ke] A FAol Hoechstg o]-§ale] A|E3] o] g
S A3FITE RPMI 1640 vkl ol wjjoksl Ak of
Zod} BMET o= ARto] Zakstolw Ale] 32
A Feje] do] FAsHA FMEo] A 2
10 mM 2DG7} 3+ BMEoIAM gt AlZ7-e 1241%F
vkl w7kl 8 thaa @t frAlek 8 ko]
Sjglout, 24420 Wik Wle] ATHE AT A} o)
g 5oz 4zl FMAL §53 H(chromatin con-
densation)©]| &= AcHFigure 3).

H460 AlREoA dFZdg el o8l fe=e AlxArE H
o] W Sjelsp] Sla) AgEel BESH 10 m 206
7} Z3HE BMEOIA ARt Al 742} 2417E, 6AIRE,
12A3F, 24ARF FF v FAI71 AL, ARl Wt A2 X
H3}ed Caspase 3, PARP, HMGB1 W&y} £4-g 3lo]
AF?, BME wjokH ol A AEEE Alzko] ALk
Caspase 39} Caspase 32| 7]2<] PARP thi o] BH

Kt oL e

o

86

ol&kA] Fatgi o), 10 mM 2DG7F E3HE BMEOIIA =}
M2 247K F- Caspase 39} PARP o] S715H
SRlatoirt, ek AlEApde] thE 7] AlE A}
(necrosis)2}e] AFAS E918H7] $IaiA] HMGB1 thil
A S S, 2 HMGBLS| B e
LE ATl frefgt Alole &1 4= glltH(Figure
4), 2HBR oFdy ste] MEAPES AEI A= A
ol gl= ZoR Holw, MIEuAR= 2DG7L 3 BME
A 24ARKE Bt B FE AR s 2lE &

A % ek,

o R ot

3. JUZE slollM H460 ME2| AP7bEA 2HE

FFAR | o5k H400 Maze] Fejshs wshks do
7] 95l BME ¢} 10 mM 2DGE ¥3F5l BMEC &
3ol zkzk 122170} 24A1RF B9 HRAIA AEZ A
o Mxze] WslE AL T 2F BT ARre] AU
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10 nM 2DG+BME

CTR

BME

12 hr

x200
24 hr

Figure 3, No apoptotic nuclear change occurred in nutrient-deprived H460 cells, H460 cells were plated on glass
coverslips, Cells were incubated in RPMI 1640 medium, basal medium eagle (BME) medium (A) or 10 mM 2-deoxyl-D-
glucose (2DG) with BME medium (B) for various periods, Hoechst staining was used to identify morphological features
of cell death such as nuclear condensation and fragmentation, Scale bar, x200, Samples were examined under a

fluorescence microscope,

WA 27 EA ] FeEhE B4 T 3ol AR oA 9]
2A|(vacuole) G do] WAL o]st AAELS F A

At BT 27)5E 7] Algske] Alzk
U =33 o] Zylele AL 8913k rkFigure 3).
A7}E2L A7E 2 4| (autophagosome)2t E&]&
olzgEo g Eeel AXE At} o] AAlE lyso-
some¥} §551e] 27} &8l 224l (autolyso-some) Z A
SkaL o] &A= AMIsHE WEES A3k Qlof A
A (acidic vesicular organelle, AVOs)2kal B2t} o
FAE 21 she] AlZoA A0 QNS AREsH A
FAE gRltsirt. ARto]l AbiA dizrE Al
BME®} 10 mM 2DG7} 33He BME HiF oA 2fet

Frode HdaEAE0] BEHAIL, ARE ofEF]

fo > o B o

2 7t 71 ERIE 4 AStk(Figure 6). FEgH HAG0

AZAN WA JFH O BH3H] 99544 40
2 Q4 & 5 RAZRAIZ B A3} BVESA A

X
2 A izl visf 1224131 oF 30%, 24413 oF
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Figure 4, No apoptosis and necrosis is not associated with the nutrient-deprived H460 cell death, Cells probed with
Western immunoblots were incubated in RPMI 1640 medium (CTR), basal medium eagle (BME) medium (A) or 10 mM
2-deoxyl-D-glucose (2DG) with BME medium (B) for various periods, The equal amounts of protein from cell lysate
were subjected on 12% and 15% SDS-polyacrylamide gel electrophoresis (SDS-PAGE), transferred onto polyvinylidene
fluoride (PVDF) membrane and immunoblotted with antibodies against Caspase 3 and cleaved caspase 3, PARP, cleaved
PARP, HMGB1 and Actin, The immunoreactive signals were visualized by enhanced chemiluminescent kit (ECL), Actin
was used as a roading contral,
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Figure 5, Cytoplasmic Va-
cuoles were increased ac-
cording to time depend-
ence in nutrient-deprived
H460 cells, H460 cells
were incubated in RPMI
1640 medium (CTR), bas-
al medium eagle (BME)
medium or 10 mM 2-de-
oxyl-D-glucose (2DG) with
BME medium for 12 hours
and 24 hours, Scale bar,
x 200, Samples were ex-
amined under a light mi-
Croscope,
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Figure 6. Red acidic autophagic vacuoles were detected in cytoplasm of nutrient-deprived H460 cells according to
time dependence, H460 cells were incubated in RPMI 1640 medium (CTR), basal medium eagle (BME) medium or
10 mM 2-deoxyl-D-glucose (2DG) with BME medium for 12 hours and 24 hours as shown, And then stained by 1
©g/mL acridine orange in medium for 15 minutes, The acidic autolysosomes induced by nutrition deprivation were
stained orange-red,
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Figure 7. Development of acidic vesicular organelles (AVO) in nutrient-deprived H460 cells and its quantification using
FACS analysis, H460 cells were incubated in RPMI 1640 medium, basal medium eagle (BME) medium or 10 mM 2-deox-
yl-D-glucose (2DG) with BME medidum for 6 hours, 12 hours, and 24 hours, AVOs were counted in cytoplasm of
H460 cells. *p=005, "p=001.
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Figure 8, Fluorescence staining of GFP-LC3 in response to nutrient deprivation, H460 cells were plated on glass
coverslips, Following transfection with GFP-LC3 plasmid, cells were incubated in RPMI 1640 medium, basal medium
eagle (BME) medium, 10 mM 2-deoxyl-D-glucose (2DG) with BME medium for 12 hours and 24 hours as indicated,
The transfected cells were observed using a single-photon fluorescence microscope,
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Figure 9. Induction of autophagic protein LC3-I and formation of LC3-Il and Beclin 1 in nutrient deprived condition,
Lung cancer cells were incubated in basal medium eagle (BME) medium (A) and 10 mM 2-deoxyl-D-glucose (2DG)
With BME medium (B) for various time periods as indicated, Beclin 1, the product of autophagy-promoting gene Beclin
1 (ATGB) expression was detected, LC3-l induction and conversion of LC3-l to LC3-Il were determined by western
blot analysis, GAPDH protein levels served as loading control,
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Figure 10, Effect of 3-Methyladenine (3-MA) on nutrient deprived cell death in H460 cells, Relative cell viability was
determined 12 hours and 24 hours after nutrient-deprived medium cultured in the presence and absence of 10 mM
3-MA, respectively. Cell numbers at the start of starvation were considered to be 100%. The viability of cell was measured
by MTT assay, Means+SD (n=4). “p<0.01,
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