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Role of autophagy in metformin-induced apoptosis of H4lIE hepatocellular carcinoma cells by Keunho
Baek', Deokbae Park' ('Department of Medicine, School of Medicine, Jeju National University, 102 Jejudaehakro,
Jeju 63243, Republic of Korea)

Abstract Metformin, a predominantly prescribed anti-diabetic drug for decades, has gained new insights for its
anti-tumor activity in a variety of cancer cells. Our previous studies also showed the obvious pro-apoptotic activity
of metformin and the underlying action mechanisms in hepatocellular carcinoma cells. Together with apoptosis,
autophagy is a crucial intracellular process to determine the survival or death of cells under some stressful
environments. The present study aimed to determine the role of autophagy in metformin-induced death of H4IIE
hepatocellular carcinoma cells. Metformin blocked the formation of autophagosome and the expression of LC3A,
generally described as a biomarker of autophagy. Inhibition of AMPK reversed the metformin-induced blockade of
autophagy. Antioxidant (NAC) suppressed the metformin-induced cell death but not affected LC3A. The inhibition
of protein kinase C totally restored the metformin-suppressed expression of LC3A. In summary, our present study
suggests that autophagy is an anti-apoptotic player in metformin-induced apoptosis in H4IIE cells.
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W= 228 (metformin) & B A AANA A2 G sk BHS AFshe] A2 Feg@ANA ekt
(type I diabetes mellitus) S-S 74 Bol AYeT ¢l & ALAAFHS FEIHE ) Jlelsi]= Bek) M2 o
L opflolth EZERS ol Y YARES B I FARES MEEENY A2 FIBRT) FEST 9

T3tA S7tE0l Qe 8% =T vEE Y0V HEX =8 AFolAE HEZ=TY FAB/o] A deAEo
272 AMP-stimulated protein kinase (AMPK)E &4 3HA] A 71E Fgaye] A = HgaHog =8 £ Q=
AKX AN A O] Z=FAAY (gluconeogenesis)S AABEL Aol tigt FA o] FolA I Ukt HA| o8] FFH AFE
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target of rapamycin (mMTOR)2| &0 BigE o7 NEZF
Ao Thl b o] F3S v A 5 oy oy B A
Eol= E¥stal ofF] HEXERIo] ojDA ALY AFES
FestAY 4L JAst=A o gt ZAAIRE 2571 "L of
2] £t g A A gk & A1AE 3 o]H Y 4
TAILSA HEZER0] 7N ZY ZLGAE HE
SHA| F7HA71= ol A A o] FTH8e o] 2
QUEF ASFAEG AT N ZAVES FEdte FA% 8%eR
A 55k vp Qok> A E o] FA T Fgo JIFE WA=
T e 2H 292 Al Z Y Z7}EA] (autophagy) 9] ZHEoltt.
A7LEA O] 8o gsjA= A2 o AslEel Aed, Al
27} 2EFHAE W AN FA] ¢ BESH] T
dolgts 3T |, AlZAFE Y] g golets At A
= ek ol AFERFH, ArtEA2 Folzl A
2, ety Ao wet A2 tE 4TS @36t 2 &
9o A T2 AEZZPLR olsfistofof stz HA 2 4
oRlE 7o) MlEZE0] Adfigle oy Azl wet
A2 o &40 Yehte SoldE olsfstal 1o BEs
257134 FHstolof itk 2 AGE vl FU TAAE
oA HEzZ=TO] HEZAMES &= oA U
A7t A 9] vpo| @utA7} o DA WBEH=AE AL 0]
23 A7hz Al dido] AZAFE Y] fite] wE AFQA, of
YA NZAFES 3 95t7] 3 AEFEAAE &lsh] ¢
s 3= A

R

=

2-gJo}& A (fetal bovine serum, FBS)S A <] st A|3zujjof A
EAAY At AlorE2 X u-YE2 A (Sigma-Aldrich
Chemical Corp., Sigma, St. Louis, MO, USA)9|lA 43312
FBS+ Life Technologies (Rockville, MD, USA)Z4-F, poly
ADP ribose polymerase (PARP), cleaved caspase-3, LC3A,
B-actin THE/FLEEFA = Cell Signaling Technology
(Denvers, MA, USA)2HE 913}t Horseradish peroxi-
dase-conjugated ©|A}&}A|+= Santa Cruz Biotechnology (Santa
Cruz, CA, USA)ZEE F3t9 1 A7]9%53} Western blot
Bl Fadt A|2FS-2 Invitrogen (Carlsbad, CA, USA)C.E
HE FYstqit. o]9le] Uyt AoFE2 Hanh-dEg 2R
B Fdsto] ARGk
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MIZHH

3] F 9] 7EA|E S (hepatocellular carcinoma) A|Z321 H4IIE
A= A 3E5-23) (Korea Cell Line Bank, Seoul, Korea)
o2 RE FAste] Ao AHESHAT 72 gd ez
10% $-ejol& A (fetal bovine serum, FBS)©] E§tE o] Q=
Dulbecco’s minimal essential medium (DMEM, 5.5 mM glu-

cose) & AlZ2] Aeulaol A8,

MTT 242

M| EZ 9] A& A = (viability)+= MTT[3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide] &S &43}4 H]
AEAFGCE @ ok, HAIIE A|ZE Atk Aol 10%
FBSE ZF3t1 = 24-well BiFHAIY A 70~80% 2
o =3 gi7kA] wjekst & FBS7F Al9E wiofH oA 24
AlZE o ufekste] FBSO| o3t ZE FAFE 82 39
(serum-starvation)3}A Tt A& A7l 4 AlZE= MTT
(0.5 mg/mL)E 2%3t Dulbecco’s Phosphate-buffered Saline
(D-PBS) A 30&7F vjFsle] AAE formazan productE
0.5 mL isopropyl alcoholZ <1 ¥ 570 nm 3o A 9] &3F

= 745kt

Western blotting 24

Serum-starvation & A|ZX X7} B viFAEE AL
O] #AAEY (ice-cold lysis buffer; 50 mM Tris-HCI,
1% nonidet P-40, 0.25% sodium deoxycholate, 150 mM
NaCl, 1 mM sodium orthovanadate, 1 mM NaF, 1 mM
phenylmethylsulfonyl fluoride, 1 mM aprotinin, 1 mM
leupeptin, and 1 mM pepstatin A)ol] 2] #&AS}IA]7|1L 4°C,
10,000 x goll A 1587F 42 st 4SS g o
A9 =5 AT YT % (20 mg protein) 2] A&
£ 4~12% polyacrylamide gel®|A] #7]953}3L PVDF
filter2 7] ¥ Western blotting®]l AM-3}%5tt. PVDF filter
£ blocking buffer (5% nonfat dry milk in Tris-buffered
saline [TBS]-0.1% Tween-20 [TBS-T])ol 2ol A-LoA 1
AJZE B9 BA7) 2 ] 1,000~2,00002 3|43 13}
FA TBS-T &F o] dol 10A17F o] Hh-gAIZiTh. o
6] horseradish peroxidase (HRP)7} ZgE o] Q&= o|x}at
A (10,0008 3]4]) gF-Hofx 3027t WA 7] F FH
enhanced chemiluminescence (ECL) detection system (Intron,
Seongnam, Korea)S ARE-3}o] x-ray filmoll =&A171 5 @4
St
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H33342-acridine orange &AM

AIZAFE biomarkerQl AZH 9 FH2 A ZutEA
DNA FFEMA|¢] H33342 (bisBenzimide H33342 trihydro-
chloride)= FAsto] FastATt. vy Al2A2)7F £ F
H33342 (1 mg/mL in D-PBS)E v Aol ¥of 10E7} vt
SAIZ 5 "AE7H2H(DP-70, Olympus, Japan)7} -2HE o
Q= FFEn A (1X70, Olymous, Japan) 2.2 #5119
sttt AlZA YHo A9 R7FEA)A| (autophagosome) =
acridine orange S ARE3F 71pE8)| 44| (lysosome) &G0
= skt vk A2 A X)7F Ed Al ZE acridine orange
(1 mg/mL)©| 3£&E 2% acetone (in D-PBS) G YA 158
7+ @Ak A A% F o A2 7k 2H(DP-70, Olympus, Japan)
7} AzrElo] 9= P& u] A (IX70, Olymous, Japan) O & 3
ko Fgstqict.

SHEA

7t A A= H43h+ EFE 22} (mean +standard error)
2 BASHT d2aa AL FA47 fo4 A4S
student’s t-test2 ASY3}IH I p<0.059 HHYlA +94 A}
olg $oI5i3ick

A

®100F .
© a

S 60r

Q

2 i

g 20}

Autophagy in metformin-induced apoptosis

2 o

i

He] ATAT0) A, | EE2 70| HAIE AES] A
T AN AZAFE Y o HiolemtASS ASTE
= 245 Flsdoy A7k ofd J7Fel wA=
A& BUsHA] okt o] Aot T i &
A2 27 WEZZulo| HAIE A AHEAL o
A E ARG Selshy] Yetel AtEAS] YE @
ARl A7k A A (autophagosome) 2] A4S UEY &= A&
-9l LC3A T o] Wt J=E Western blot £4]2
2 IS FAlo AZEEAA BT AA 27100 B4
He 7HrE34A] (lysosome) 9] ABAdo] AA= Al=ZE ¢l
A doJUE=A]E acridine orange G o2 30151t MTT
assay ZHZ5E, HEZETo] oaf gt A2 YE=
= AMPK A3jA4|Ql compound C A2 &) &JstA F
Fhsheith (Fig. 1A). AZAFRS] 2 ulo] 278l poly-
ADP ribosyltransferase (PARP)$} caspase-32] 7H=&23)|71 ||
Ex 24 AR F7KeE vhd LC3 gAY HE 2 HEZE
qlo] & 7289t AMPK AdiAI¢] compound C X
2|2 thA] 2715tk (Fig. 1B). M ZAPE Q] T2 vlo] ou}

Lo

=

e s« (Cleaved) PARP

(cleaved) Caspase-3
R 3-Actin

Figure 1. Effect of metformin on the apoptosis and autophagy in H4IIE cells. Cells were serum-starved overnight then preincubated with 20 uM
Compound C (CC) for 30 min before the additional treatment with metformin (Met, 1 mM) for 24 h. (A) The viability of cells were presented
as a percentage of control (none) from results of MTT assay. Each bar represented the mean=+S.E.(n=4). “P<0.01 vs. the non-treated control,
bP<0.01 vs. Met. (B) Each panel from Western blot analysis is a representative of duplicated experiments. (C) Cells were stained with H33342
(blue), thereafter stained with acridine orange (yellow-green) as described in “Materials and Methods”.
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AR Mz QM) S5 A ZAFE LA (apoptotic body)
FAo] MEXZETY A2 F718t%+=Hl compound C
Y= Zasth(Fig. 10). A7FEAIA 9] FAHE HolF+=
acridine orange I M= tRToA JEEZA] grgronyt
compound CE A3t  £H5HA F7Fstledl AlZA
oA FAo] JAFL FAlo AZFEAA 9] FAdo] ST}t
= @4 T 5 AUSiH

2 AFAEY ol Aol HEZETO] TGS
H=sHA SR8 Al SAALTY S STHIFI
o] ol AAFEo] MEY At llo] o' FIFE m|
A=AE w7 ol HEZ=T9] 2hg-of 4takA| 9] A
27} ojd P2 v =AE BASHAT FAEHAIQ] NAC
o] MAg= WEZET o3 T AZPEEE THA|
FrolstAl 3EAIHThH(Fig. 2). YE oA HlEZ=AIo|
93] F7Fst= caspase-39] 7H=E37F NACO]| 93 £33t
7] AAE b, Ex 210 oJsf At LC3A T

AZFZA T4 AZFEAIA| 9] Ao AR YRS A=
TAQl LC3A S A o] ol = A BofstA] ge A=
F5T 5 1oy ArpE A9 ofy HlolentAE B4 g
kA 25t 7] digel o g2 BAE e & A7t
Zad Ao g woer.

HExZ=27lo] H4IIE AZY AlEE fEdh= T ol A
AMPKO| 84& 8= 3tk AMo] ERIEGIoY T 9
o T2 of" NZ Y AsHIHNE SHES AR st
2o tisiAs & dEA JA gt wEbA] 2 AFollAE Al
Z Y Asdgau Ao gk tket AsfjAl Sl HEZE
o AlZzAME fFEAEANE AT & U=AE AN
1% protein kinase C A3[A| (PKCi) 7} 5-2J51A HExZZT]
o 535 AsfE = S & 5+ A%l th(data not shown). T
2b4 PKCi A7} tlEEZ o] o5 A7hEA oAlo] 4

A B
r — —

< 100} T b (cleaved) Caspase-3
@ 60 - a om— LC3A
% L ==
S 20r A S 3-Actin

v = 9] ) x~ 9]

< Y N4 I @ <

L& < 3 S S 7
& &
< <

Figure 2. Effect of NAC on metformin-induced changes in the degree of apoptosis and autophagy in H4IIE cells. Cells were serum-starved over-
night then preincubated with N-acetylcysteine (NAC, 4 mM) for 30 min before the additional treatment with metformin (Met, 1 mM) for 24 h. (A)
The viability of cells were presented as a percentage of control (none) from results of MTT assay. Each bar represented the mean+S.E. (n=4).
4P<0.01 vs. the non-treated control,?P<0.01 vs. Met. (B) Each panel from Western blot analysis is a representative of duplicated experiments.

A B — s
r (cleaved) Caspase-3
$ 100+ —
s : g -
= a — w— LC3A
; 60
& L
S 20 —-——— B-Actin
@ ) O () Q"T O
Iy @ & < Avg
£ = % £ = 2
- ¥

Figure 3. Effect of protein kinase C inhibitor (PKCi) on metformin-induced changes in the degree of apoptosis and autophagy in H4IIE cells. Cells
were serum-starved overnight then preincubated with 200 nM PKCi for 30 min before the additional treatment with metformin (Met, 1 mM) for 24 h.
(A) The viability of cells were presented as a percentage of control (none) from results of MTT assay. Each bar represented the mean+S.E. (n=4).
“P<0.01 vs. the non-treated control, P <0.05 vs. Met. (B) Each panel from Western blot analysis is a representative of duplicated experiments.
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< n)AL=XE ety PKCis HEZ2719 o3 o
A" LC3A T d o] IdS ohuslA| 3|8 A1 F o (Fig. 3). o
Y3t 272 HE YEZ=Q 95 Z271E PKC 40| Al
T AFEAE FESHE F2 2HALYS AT & A

Act.

B dymHE WEXERE HAE 2HAIEe] AEA

& FEshe bl A2 A7tEAS AIRITE S
IF 5 Utk E HEZ2Y A2 ST A
}\(-)]jl_]- o]g L]_z‘s_]_— ]—g]-_____il-“/\_,] \:ﬂ—xgo] /\‘“ﬁ’;/\]- o 05.5.]_1‘

F0 095 Z shtel RS EYstAu AE rhEy
oA} B gole FR5 Bl e Holeke
& 4 U}, wEkA Holm HA4IE 7FYA| o A= 217}
Yol ATAEL FE37] Y3t FAMe] A5 of
o2 WA 5 Yk FA7A L AHLS] 2w
o) WA AZLZALAZAE, T 7]79] AFolke] 9
AT B3] A7 BAL 29| FuTt 2L NS
o, AE W SAFE SE, 278, M9l a.2l (pathgens)
MR8 AAste] ALY Az 7]odshs v T
AE W 27188 7HEsAL a5t Az
S §Ed7|E LTS o)F M| ZAVE-R7LEA 0] AAE A
(interplay)> H@3] B335t Aot AZAE T 7k
Ao N2 ATEe ZASAL B2 AT 4 Ja &
77t EgHos AT S Yok gk AphEAle) o
12 B0l ol 27 oA HusHA 2HEE=AE FARG
S8 Frgstoior g
2 A ddzdolM dEZERI o) EEFHiAt
7} BEsh 2AEE ABE AT | ASFAEY AT} R
o] H 0|2 Q1) F7hek AtehE4E TMAES N
o2 AAS] 3 AlEo] Zg oA MEAFEA 0] U
ojd &= gith 28U A|EZEE0o] 24417 o]AF HlEXZEW 0] X
£Ho2 wEEo] Asky &4 Awst B ojEle
Zo2 Z7ksH H AoH oz AEAE o] F7lue
Wepo e uhiold 4 gick. A3 ATAEAFE o] T
3 Bk EE uh weRe W ksl dolely)
L AE Y eAke) et A& A7H] Amo] what expAo
2 dofbt @4 *Olﬂkh e o3l olg TAMoR o
5 So] AWsHA FubEolof & Ao
2 g o8 HSH A EZE)S FEet R &7
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»i L e}
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Autophagy in metformin-induced apoptosis

< AAsHA 7ol AlZAPE-AF7FE A ] A ARl
oF Feolof et AAES AlUEHA EA5HHE F A9 dA
(= Ao]) AT I XA A2 | SF 052 1t
ordh 4= Q1S e = 7|djdrh

HExETlof o3| AlEZAFHO| REE|L AF7lEA] o] A
£ oA PKCY G diafjxs dA7Ae] ATdaE

o] B SASS BT QA Fsith & dAFolA, HE
ZE2R9 ZF7|A Foll PKC7} o= dAof 7 dst=7tol o
b AR tigsly] 913 & 7HA] e AAE Y] A4
I} PKCO| 9% BAE 231 4= Qlth. M EXZETL n|EE
E2jok] complex & Asfisto] E444a S S7HAE 4
Io 20 AR A oA HEZZ RS SPAAE A
& S7HIA Az $4E A= gttt nEEEe| o}
=2 AQ5tal AJAAZ O] ETHE AYA 2 218 NADP oxidases
(NOXS)E £ ok BN 2P e vt S7FeHH
A2 W diacylglycerol /0] F71skal PKC7} &/33t= o] &
JAkaE AAto] F7ksk=d] o] ZgellA] PKC7F NOXs &4
< A5k Ao] Sa% Yo R IA Yok AARE 7t
AlZAME o] FF NOXs7F HAFTH o]t o] d A
FATLES 2 AFATY Aol o], HEZETY] £
TiAL 4 AFo2 IE| AlE QFe 2o X §90] F
7}k o] 1Ao|A m|EZE o} complex ¥ o}yl PKC-
NOXs 84 53 ST F7F AlZAES /=8
—’F % Aolt. vt o] A A A7 A] BAdo] Al Y &

JAEF AP F7Ie} AdE o] YA oF] EREYEt 5

15—.‘— THEEojof & Ao]Tt.

Aoz B oA yEZZTo] HAIE N ZAHE
Lot oA 7z A]o] A== dAto] WA=
o] IAe] PKC7} Sa3% 28 ago7 gttt A
ghlstqitt. o] %] Aol A= HEXZET-A7FEA-PKC

A 2 71 0] o|BA 2HEE=AE FEE Aot

<)

o 30 | ok

lruru

:|o

Lo R oo
& m

A 2
o] =Ro 207dE AZY sy A7 AZRYtuEY

SedT71a Aol A dFEHUAE.
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