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Glucose depletion induces apoptosis through
phosphatidylinositol 3—-kinase dependent cytochrome C

release and caspase—9 activation.
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ABSTRACT

Glucose depletion induces apoptosis through phosphatidylinositol 3
kinase—dependent cytochrome C release and caspase—9 activation

Choi Jeong—Eun

Advisor: Prof. Sung—Chul Lim, M.D., Ph.D.
Department of Bio New Drug Development
Graduate School of Chosun University

Glucose metabolism is an essential process in maintaining the balance
between life and death. Glucose depletion (GD) results in ATP depletion
and this in turn triggers the death cascade. Severe ATP depletion usually
leads to necrosis because ATP is required for many steps of apoptosis.
Decreased glucose uptake and glycolysis result in oxidative stress and
this alteration of the redox status in the cell triggers variable signal
transduction pathways resulting in cell death. We previously observed that
GD induced necrosis in Ab49 cells which was switched to apoptosis in
the presence of antioxidant when reactive oxygen species (ROS) production
is suppressed by catalase and N-acetyl-cysteine (NAC) in A549 cells.

In this study, we investigated the relationship between phosphatidylinositol
3 kinase (PI3K) pathway and mitochondrial downstream death effectors,

such as cytochrome C and caspase-3 and -9 in the GD-induced
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apoptotic  pathway in  A549  cells. PI3K inhibition  decreased
antioxidants/GD-induced apoptosis in A549 cells, and PI3K inhibitor LY294002
had inhibitory effect on antioxidants/GD—induced caspase-3 and, caspase-9
cleavage and PARP cleavage. LY294002 also reduced protein levels,
phosphorylation, and nuclear translocation of p53 in A549 cells which are
observed in the apoptotic condition.

GD induces apoptosis through PI3K-dependent cytochrome C release and

caspase—9 and -3 activation.
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TEYo et SHUAlE HME MEN =28 dEgs St JUCHI]
ZoY ZEE ME W = HlUXIZel adenosine triphosphate (ATP)
248 REotD DIEZSCl0ret 2BE A2 FZ2E X360, dAZ2HSE
Soll ASE AEHAE LMAIZICH2,3]. O 20 HE LS &2 MEHE
HSIAIA AEY AL 2BE AMS 2AEQ EHIE RO NE =32
Z0E JtN20H4-6]

HEZ WolAeE 258 iUXds 2&o)| ol g D2XE 2dloto
HHXIZ AFESHA ECH2]. XgolL 2229 2z MEs S S48484AE
SMAIZICH ZEY ZEO JIHQE ME W AN AEYHAE F2
DIEZEelote Matstd H20 SJohMd ZMECH3]. 0IE2EeI0e &8

AMEsE S8 Uk B=01 SHEE superoxide2t hydrogen peroxidel
£ #As0ts 8489 80| BJtotAl =Lt

Aot AEY AN HE =2 YOoE&A22AM superoxide dismutase (SOD),

AFSHE BES O

/| —- O

catalase®t glutathione peroxidase S0| UCH7]. 0] ELAE=2

ot HXE Z&E EAF AMAF= FEES SO 1 & SODs=

superoxide22H H0.2t O, 42 =0 ot= &2A0ICH I2te] &< Cu/Zn

S? &40 MZZEo UEUD, Mng ZEs S =

JIE0AM ZAECH8,9]. 12l catalase= H.0.E AME3H CHE JI&
20ICH H0:9F moz =ME [ catalase

rr - nlo
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1. HIEHHSE

56CHIAM 3022t EXeIatd HIg#&3 A2l 5% fetal bovine serum (FBS,
GibcoBRL, USA) It 1% &SAXI(0.85% NaClol antibiotic-antimycotic,
10,000 units/ml penicillin, 10 mg/ml streptomycin & 25 p/ml amphotericin
B, WelGENE Inc., South Korea)& & %8 RPMI-1640 (GIBCOBRL, USA)
BHXIE AtEot HE MEZ=Ql A549 MIEZE 37T, 5% CO% &&3s &
BHZDI(SANYO, Japan) LHOIAM  HHGHRACH 2-320f SHH A Hietds
WHMotALH HE= EgA HM2lE otH, hemacytometer2 HE £
=ZX5tD 100 mm culture dishesOl= 1.0x10%dish, 60 mm culture
dishes0fl 5.0x10°/dish, 35 mm culture dishes= 2.0x10°/dish2 L &5

ZF0H0 B X GHRUACEH.

2. XY ZEW %EXc

NIZ= phosphate buffer saline (PBS, WeIGENE Inc., South Korea)Z
=291 Dt dAHE G2 ZEY0l Z20HINH A= RPMI 1640 (5% dialyzed
FBS, 1% antibiotics &%) HigHo=  WHGIACH.  Catalase
(SIGMA-ALDRICH CO., USA)= 1,000 units/ml, NAC (SIGMA-ALDRICH
CO., USA)= 10 mMz& ZEZE0| ZEE tigHez g O ZOol
MeldtRCh. LY294002 (A.G. SCIENTIFIC, Inc., USA)= 10 uM, UO126
(A.G. SCIENTIFIC, Inc., USA)= 10 uM, wortmannin (A.G. SCIENTIFIC,
Inc., USA)2 100 nMZ ZEEY0| ZEE Hi¥Ho=Z WHII & 302
MelE otn, EZEY0l ZEE iHez LXE o CAl 22 s&E=2

X cl ot A L.



3. Hoechst 333422} propidium iodide (P1)2 &

AZ A2t WALE 206t ol S %&AI%EP[ZZ]. 35 mm dishes0l
A549 HIZE =235t EEY0l & LS HE Helst =
Hoechst 33342 (5 pg/mhet PI (10 pg/mhE 22t €10 1022t 37COIA
BESAIZLCH. EgAl XHelotH NMEE 22 =2 2,000 rom, 4CHAM 5=

A2 & ASH2 HMAHGILD, 4% formaldehydeE 500 # €11 ZS0UHA
1022t BISAIZCH HE 2825 cytospinold S2t0IE0 MEZE A2
£ mountingdttd EZ&0IZ(LEICA DM 5000 B, Germany)2 2 2tZ6tLCEH.

4. Reactive oxygen species (ROS) &3

60 mm dishes@0ll coverslips& E1, O <0l MEZE ZFotALCH 24A12¢
CHESIE A2l =0l 229 dishestl Z&Y ZE ) SASHHE HMelotod
BHEAIZACH. 18AI2t2] HHZOl Z2&t =0l= 50 uM dichlorofluorescein
diacetate (DCHF-DA, Molecular Probes, USA)2t 10 uM dihydroethidium
(HE, Molecular Probes, USA)S <1 3022+ 37COIM EBtSAIZCH?23].

CoverslipsE PBSZ A2 = mountingdtd E&&0|H32o2 2E6IULE.

5. Superoxide dismutase (SOD) &4 =24

HIZ LHOI L= SODS| &42 2E5I| 15101 SOD HAEES HM5H0]
2Eel

ZEOIRACH24]. HMIEE 60 mm dishestl &2F6t1, ZEEO0|

HHQEOH I} SHAMSHAIZ XE2Iote HMIEE Z2UCH 281 AI=E M0l extraction

(0.05 M potassium phosphate buffer (pH 7.4), 0.25 M sucrose, 1

mM  EDTA, 0.2% Triton X-100, 1 mM phenylmethanesulfony fluoride,

0.01X Halt™ protease inhibitor cocktail)l® 21 152 AT vortexingStod
t2

12,000 rpm, 4TOIM 1562 =¢t Ea=2lotl) oF3dHE M FE=Z sULH



Sodium dodecy! sulphate (SDS)E € Xl %2& 7%2 separating gellt 4.3%
stacking gel£ HMIZ3t0 Tris—glycine buffer (SDS-free)E 01&3dt0 4C 0l A
100 V& 2A12F HIIGSES StACH &MI|IES0l 2 F gel2 50 mM
phosphate buffer (pH 7.2)2 JIEH & = Solution A (50 mM phosphate
buffer (pH 7.2), 0.3 mM nitro blue tetrazolium, 260 uM riboflavin, 0.1 mM
EDTA)U €3 2022 &Xtol €0 BFSAIZCH D2l EF+=2 2-3H A2
=0l Solution B (50 mM phosphate buffer (pH 7.2), 86 mM TEMED, 0.1
mM EDTA)E €10 HAD| LMAIRUCEH

6. Catalase &4 24

M Lo R t2ol)| <Iol catalase EEEZE
AMBIACH25]. HMEE 60 mm dishesOl &EFotl, EZE0| ZEE
SMSHHIE HMelotd NEZE Z2UCH 28 MIES MIZ0l extraction
buffer& E1 15& vortexingot®d 12,000 rpm, 4COHM 158 =S¢t &4
Folotl MdEHS M FE=Z JALL SDSE EXN 22 7%2 separating
geldt 4.3% stacking gel2 ©=0{ Tris—glycine buffer (SDS-free)E
AESIH 4TCOHAM 100V2 3AI2E MJIEs GtALH &IIFE S0l E =0 50
mM phosphate buffer (pH 7.0

=

o
=
=

1]

catalase2l EA4H=

2

horseradish peroxidase (50 pg/ml)S

HItotD 4522t &R0l 20 BFSAIZCH 210 5.0 mM H.0.& €1
HEHAM 102 BSAIZC. BEFF2 gele 2-38 AAHE =0
diaminobenzidine (0.5 mg/ml)0l €0 A= 50 mM phosphate buffer (pH
7.008 €10 X3 SME MK BFESAIRCH

7. HIZZ=D|(cell cycle) &3
Ormerod S0 A8 2SS F D60 MEZFIIE SHOIUCH26]. NEZE
60 mm dishesOl 2Fdt10, ZEY0| ZTE HHULHD SASHH, D2l
]

AMHME HMelotd NMEE



PBSZ A0z &2 pellett 0.8 ml PBS2t XtJtE 95% ethanoldt 0.5%
Tween 200 £0{2t reagentE 2.2 ml €0{F1, 4CHM 308 DFARA
B0l 24 =0le 2,000 rpm 4TCOHAM 1082 JA22 =

MAGHRLCE. el 1% BSAJL gfseE PBSZ JHEAH AOH=1, C
s 22| otUCH AsHS HMI{6tD, 11 kunits/ml RNase2t Pl (50 pg/ml)
20, 4TCHA 402 BFSAIZCE BtS0l 24 =0l A5t &SN
M2HBELD, 0.5 ml 1% BSAJH &R&E PBSE 21 IOIHLZ pelletS
EFACH Lol 1Ad2= =250 flow cytometer (Becton Dicknson,

USA)2 =FetC.

[wl

e
Olf
2
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=
oy

F=OH
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mo mo rE
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8. Western blot &4

NZE 60 mm dishestl 2FotL, ZEY0| ZEE HIYXHI SAHSHA,
el YAHME HMelotd MZE R2UCH HNZE £&old PBSZ MHIEE
=0l lysis buffer (50 mM Hepes, 150 mM NaCl, 1% Triton X-100, 5 mM
EGTA, 20 mM NaF, 50 mM B-glycerophosphate, 2 mM
phenylmethanesulfony fluoride, 1 mM Sodium orthovanadate, 10 pg/ml
leupeptin, 10 pg/ml aprotinin, 0.01X Halt™ protease inhibitor cocktail,
EDTA-Free (Pierce Biotechnology, USA)E Y1 20&2t vortexingdtXd
BtSAIZCH O =0 15,000 rom 4CHA 1532 S F&ZClotd 4EHS
M SE=Z2 S0 WA F=E22 Bio-Rad protein assay kit (Bio—Rad
Laboratories, USA)E AIE5IH ==& Z=ZoIRUCHSE95nm, ELISA, BIO-TEK
INSTRUMENTS, INC, South Korea). 229 MEZ2 S| CHSMAD 2X
SDS-PAGE sample buffer (1.5 mM Tris (pH 6.8), 20% SDS, glycerol,
B—mercaptoethanol, 1.8 mg bromophenol blue) && 4X SDS-PAGE

sample buffer€ €1 & A& = 5-1528 =92 2 UL



Hee| 20 A8 = 8-12% SDS-polyacrylamide gelOfl loadingdtOd 100
VOUIA 2AI12F 3% NMI|ZES GIQACEH OlZ2H 2cIst ShBE 2 nitrocellulose
membrane22 200 mAOGIA 3AI2t transferotACt. Membrane2 ponceau S
solution (5% acetic acid, 0.1% ponceau S)2= =2l = 5% skim milkZ
S20M 2A12 BE2 AIZIDD, 1XF EXl= 4CHAM otF S BFEAIRCH 11X
SMlel BtE20l ZE Z0 2X EME &=20AM 1Al BFEAIZICE 0 20|
2t F0l 0.1% Tween 200] ZE &N U= Tris—buffered saline (TBT)2
381 AO{E Z0l enhanced chemiluminescence detection kit (ECL, Pierce
Biotechnology, USA) solutiong 21 S &5HRULCH

Shdlel 2w 3A HfEel A2 U3 20

Anti-PARP (dilution 1:500) % anti-cytochrome C (1:500)= Pharmingen
(USA)Z22REH FGI/ACE.  Anti-SOD-1 (1:2000), anti-SOD-2 (1:1000),
anti-bax (1:200), anti-p53 (1:1000), anti-total ERK (1:1000) % anti-rabbit
IgG  (1:5000)2 Santa Cruz Biotechnology (USA)2FH F5IXALE.
Anti-cleaved caspase-3 (1:500), anti-cleaved caspase-9 (1:500) %
anti-p—p53 (1:500)2 Cell Signaling Technology Inc. (USA)Z2%E
2ot} 1, anti-mouse IgG (1:2000)= Zymed (USA)22H otRULCEH

9. Immunoprecipitation

Harlow2 &Al&=Jg[27]01 HMAIE A"
mm dishesOl AIZE =230t CtES A2l § ZEY0| ZEE K
StakbstAl, el PIBK HMIA el LY2940028 22 Xc P

= lysis buffer& 21 2022t vortexingot®d BHESAIZICH 1 =0 15,000

rom, 4COHA 15682 S A Z2cIotH aEUs M FE2 S
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1.5 mg/ml0l S ot JiE 2 dMS0A
QXS lysis buffer& €010 protein A—agarose® protein G-agarose
(Santa Cruz Biotechnology, USA)E 20 wt & Sz EHFRUACH el
4CUHAM TAIZE S & AFACH BEE0] 2 =0l= 5,000 rom, 4CH A
2 S FHEcIotH 4sdHs M FE=Z SIACH pS3EHME 1 pg/miol
CIAH E0=1, 4TUHA HOI2 EBrSAIZCH dtRIt XL protein
A-agarose®t protein G—agaroseE 25 wt A 21, JIEH AAHE = 5,000
rom, 4CTOHAM 12 St FAZ2LIot aSHL HAHSIALH &2 pelletd]
TBS + 0.5% Triton X-100 buffer& 231 581 ANFEGIALCH MO =2t
pelletlfl= 2X SDS-PAGE sample buffer& €1 & 4A0H&E = 5-15&8 &¢!

-—

=CH e 30 A8 = 12% SDS—ponacryIamide gel0ll loadingdtOd

MI1F s otRALCE Ol= Western blot 282 ?I0A £F& 2t S0t

10. & 2l

Panet S2 2H[28]2 S80ot0 st MNEE CEAZS Z2[otRACEH 100
mm dishestl MEE =2FotL, ZEL0 Z0E HiYHN 24249 422
Xelgt = MEE =Z&otALt. =&8 NXZ= PBSZ JtEH MAS =0l Sol
A (1 M HEPES, 1 M MgCl2, NP-40)& €1 158 S¢ot L300 20t
BESAIZICE. 3,000 rpm, 4TCOHAM 58 R&=cl 8 =0 NZEES RE

ASHE2 22|6t, s LLEE pellet2 PBSZ 28 MIESIFLE 0] pelletol
K buffer (1 M HEPES, 0.5 M EDTA, 1 M MgCl2, 0.1 M DTT, glycerol,
PMSF, 2.5 M KC)& €0 =1, 30& vortexingot®d 15,000 rpom, 4T, 202

Sor FAERIGD H4BUS M S22 SAUCH



NEZEZ gEe HS8Ao == 0/EZEcI0t ol &l U= ©
+=&2 HlWetd)| <o OIEEE=e2loret MEEN U=
FZCIotACH29]. MIEZE £=35t0f PBSZ MASH =0 lysis buffer (75 mM
NaCl, 8 mM NaHPO4, 1 mM NaH.PO4, 250 mM sucrose, 1 mM EDTA,
350 pg/ml digitonin)& €1 & ANWE =0 3-52 L3S0 20t BFSAIRULL

1z
M
|0

1=
>
i

8IS0l & = 15,000 rom, 4TCOA 158 s & =2CIot aSH=E M
FEZ AL HIIA aSH2 AZE0N Us SWEOILL, 2 pellet2

DIE2ECI0tE Z&sH ME AJ|2t52 WIADIOICH Pelletddl lysis buffer (50
mM Hepes, 150 mM NaCl, 1% Triton X-100, 5 mM EGTA, 20 mM NaF,
50 mM B-glycerophosphate, 2 mM phenylmethanesulfony fluoride, 1 mM
sodium orthovanadate, 10 upg/ml leupeptin, 10 pg/ml aprotinin, 0.01X
Halt™ protease inhibitor cocktail, EDTA-Free (Pierce Biotechnology,
USA))E E0 =1, 20-30F =9 vortexingdt®i BFSAIZICE. 1 =0l 15,000
rom, 4COHA 152 S FaZ22ot) a3sHs M FE=Z S0
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DIALSL EALSERION 2B REMZS &E

ZEE BHLHOAM HHZSHEH Hoechst 333422 PI
Ol SMOIAM 2= bttt 201 LA SEEACH HEZ0MAHM=E MEZ 220]
JdH2 SXTHA Hoechst 333420l= 24, PIlls S22 JMO0| T XIEH
ZEE0 Z8E dME0AMs =200 Hioh & 220 =A2F0IH #HS=2
PO DI SO0t |H SMEN DA REES A g > AUCHFIg.
1).

Ol HAFNA £ Hi2b Z0| &at 1,000 units/ml,

NAC= 10 mMS 22 ZLE0| Z8 = i m &M Xelotd M= U

i
=
e
(@)
Q
8
Qo
Q
n
D
[

280 =ES EF0 FEH ZEY ZEOO 2 WA GEAMZ2
Mt S T otAUCH Oldds 2t ZEY Z8 Al REHeE MEAZE=2
NZ el EHAMA0 &0 JEHSZ [HE ME B2E HEGHH =2
AlAtote Z21H0ICH &HZ Fig. 2008 2= diet 201 DCFH-DAZH DHEE
Ol2ot0d 2datAol &S XZAteh 20, ©=9 2 Z2E Aldls =2
=2 &2 H0:28 O Jb ZdohXgt Z=E ZE) SHAsHHIel NACS
catalases 22 &M HMclotAkt datAaol &0l S XMol Mot AL Ol=

2 780 Old AFR0M 208t it 20l MIE L superoxide2 MHE
g§Yot= Cu/ZnSODS &40l MIEZAE J=2o ZFI YESHAH A2EH
USE SOD &4 =4, catalase 4 =4, Western blot 24 Sof
THEIGIACHFig. 3). E&Y ZE Al Al20l XKool ek MnSOD2t

XH01Jt AXIBH Cu/zZnSOD= &It 24AES SOD g4 2241
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otXIBt SHALSEHIQI catalase2t NACE #HIIoHK

240l =SS dH= = UAAL. 0HE ZZE
=2
=

\
B>
m
9

0

=l Cu/ZnSODS
282 AEHOIAM
A2 O 23

-~
=
a2 ==01 &

m\J

2. Z=E ZH Al MM 28t HSMZO &0l 20i5t= PI3KY Hg

2dMA =201 ¥ RADHe SEHM ZEY Z2EO0l 725t U2 A

40l o@s ds MY ZFZ2E Sol LHU=XE ZAGHACH e
MSZEZE XEStH O SHE 2FS 20 PIBKEY AMHMIC!I LY294002E8
Helst B2 catalase/ZEY ZE Ml 20N EXE XNZEAM g2 32
AMSHACHFIg. 4A). 2l MEK 2HMAME! UO126E HMelst ZR0AM=
Qolel &M EM ol ZEE ZE0 2o SLDAE JEME
A2 CHAl  MEBAIZACHFIg. 4A). £ CO2 S0IFel PIBK YHA el
wortmanninBll M= Al catalase M otOHIM ZEY ZE0 2ol REE=
KRNZEAE 50% =ZE2=2 AMGIARCHFig. 4B). &&tatHl 2E2 NAC Al

SAC(Fig. 5). Ol Ms&E adats SF0A
o

= =
£ YHGHK £XIgH KtEAL =A
HXIAIZID NAC/EE=Y ZE0ol 28 AIZ catalase/Z&=" ZEO0O 2IE
ANZEE 22t 42%, 57%= A HMSIACHTable 1).
AZADE LY M PISK 2229 IgsS MG RASHH U
e SRS Y S otl= caspases? PARP cleavageE ZAFGHRILE. Fig. 6A,
BUIA 2= Hi2t 20l 18AIZIN0IAM catalase/Z=Y ZE W NAC/EZEY
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Pl

Fig. 1. Antioxidants switches glucose depletion (GD)-induced necrosis to

apoptosis in A549 cells.
HO, Hoechst 33342; Pl, Propidium iodide

Control Catalase+GD NAC+GD

Fig. 2. Glucose depletion (GD)-induced ROS production is suppressed by
catalase and N-acetyl-cysteine (NAC) in A549 cells.

_15_



° £ £ < T £ £ £
A &£ 9883 £ 3 2 §
c o p o o o o o
0O o o o & o O O
— g W | < MnSOoD
«— MnSOD
«— CuZnsSoD -— - - - «— CulZnSoD
_ «— Catalase S s S s (< Catalase
£
un]
-C\_
(m]
< 0
- @ o o
B 3 2 50 &
= 5
e L 8 5 0 B
6 €4 ® O <= &®
0o Z o o Z2 o0

“— MnSOD
€ CulZnSaD

Fig. 3. Glucose depletion (GD) decreases activity and amount of Cu/ZnSOD,
which are restored in the presence of antioxidants.
NAC, N-acetyl-cysteine
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Fig. 4. The PI3K inhibition decreases catalase/glucose depletion

(GD)-induced apoptosis in A549 cells.
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Con NAC+GD {NACIGD) (NACIGD)

Fig. 5. The PI3K inhibiton decreases N-acetyl-cysteine (NAC)/glucose
depletion (GD)-induced apoptosis in A549 cells.
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Table. 1. Effects of LY294002 treatment on the antioxidants/glucose depletion
(GD)-induced cell death and cell cycle distribution

(%)

Control GD NAC/GD Catalase/GD
Dead 3.04 86.64 29.69 59.60
Go/G1 42.73 9.45 36.57 21.98
S 6.46 1.61 5.14 2.55
G2/M 23.36 1.81 16.02 8.56
LY+Control LY+GD LY+NAC/GD |LY+Catalase/GD
Dead 5.61 95.96 12.61 34.20
Go/G1 49.86 3.15 43.51 44.23
S 2.27 0.58 5.26 4.05
Gz/M 19.98 0.25 22.20 10.23

NAC, N-acetyl-cysteine
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GD 48h
Catalase/GD 48h
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Control 60h
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| < MnSOD
«— CulZnSOD

Fig. 8. Changes in the activities of Cu/ZnSOD, MnSOD and catalase in a
variety of cancer cells.

Pannel A. HT-29 cells.
Pannel B. HepG2 cells.
Pannel C. Hep3B cells.
GD, glucose depletion; NAC, N-acetyl-cysteine
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