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TNF-a/actinomycin D-mediated HepG2 cells in the presence of
iron as a model of hepatocyte injury
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We examined the contribution of iron to the cytotoxicity of tumor necrosis factor (TNF)-a combined with

actinomycin D (ActD) as a model of hepatocyte injury in HepG2 cells. In general, hepatocytes are resistant to

TNF-a. However, a transcriptional inhibitor such as ActD can sensitize then to TNF-a. In the present study, we
show that low levels of ActD (0.5 nM) sensitized HepG2 cells to the cytotoxic effects of TNF-a (20 ng/mL) for
48 h. Iron plays a critical role in catalyzing the formation of potent oxidants. To assess the toxicological significance
of this TNF-a/ActD interaction, ferric-nitrilotriacetate (Fe-NTA, 2 M) was added to the cells. Treatment with
Fe-NTA significantly increased the sensitivity to the TNF-a/ActD-mediated cell death. TNF-a/ActD-mediated cell
death in the presence of a lower concentration of iron did not result in DNA fragmentation. We suggest that iron
increased the sensitivity to the cytotoxicity of TNF-a/ActD in HepG2 cells. It is likely that TNF-a/ActD/Fe-NTA-
mediated cell death contributes to the non-apoptotic death of cells via oxidative stress caused by iron. Our

experimental model may be useful for studying hepatic drug metabolism using TNF-a as a model of hepatocyte

injury, especially in HepG2 cells.
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BIEEIZBWC, EEMEMILEWORFET IR
BIFAEKRLZERIL, b MITAEAEB &
DCEEFEBE SN TD. V3hebb, FERHKR
BRCTHI E SN TWeiBEBEmMILam oS, BRIKH
BRIZBWTHBMEDZ RO SN\, 72013 E
ERICE D RFRIEZ RSN TS, 279 £
OHTY, SEWREIZE)FBICEL 28 E (G
WHEFREE) 13, EEICEHEETHBT 5 EIEN
Thb. ) FEE, FEWEFEEIRES DL, B
HHIEIFTHIEICE D FERIEHHEE ERER
Ep o T\ %, 9 PRI EE L IERIR BB £
O ERBRO VT NOBRRIZB VT I LG
Lz, WEERT Y VB X OFEERT Z
MREZ2 PR Y RO IEREICEFf L, Y A7 - XA
T4y My EEBLC, REMMEICET S
go/no-go DPIEIL, FrIEDOAEMEIZKE CHBRT
5 EEZOLND. WEOFEREIW > SO NI
RE LT, B0k KIEREBSHENOBEZ T

HH Y, D IFEEIS 5 IE SO FG-NEH
ENTW5, F/2, Wei b2k, FFA704 M
PLEIESE (NSAIDs) O A Y ¥ #2755, mH&ED
Lipopolysaccharide (LPS) HALERIZ X ) ff [ 578
FHERINL LOMEN SN M T, 20
AN 27 FHFEMEFEEEL, tumor necrosis factor
(TNF)-a 2L VIR EN D S LDTRIBENT VS,
TNF-a (345K, ARBGHEEE 2B D 5 5T A
A YTHY, FFIZBWTREEEILDF LY
BEZE LTS, —HT, TFED TNFallkb
B FHED X = X 2O %ICEY, 20D
TNF-a (ZJF#IfE D TNF-a 24 E 2454 L reactive
oxygen species (ROS) #EHA & & 412 c-jun N-
terminal kinase (JNK) #&& & EMHALL, RIEZ R
LMo MEt 2 FEL, KREZIR S
HEEZLNTWAS, 10 ik, Ffbsnhsz
JNK 4%, caspase-8 IZxf T AHEMEH T b D
cellular FLICE-inhibitory protein (c-Flip) 7% ] L
FlERZIENEEEZLNTWVS, O LR LAED
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5, In vitro T13% < O A TNF-a DML 5L
BZR LT ETH Y, F# IR AT A M
WCBWTIREETH L. EFEOWMENS, I
&, nuclear factor-kappa B (NF«B) 12 & % JNK
FEHEOMEILsEFLGLTBY, W F7, NFxB DI
HEz /v r¥yyr L-MilaTlE, P& TNF-a
THMMIEARZ 5 2 EBHMOENT VDS, P fito
T, FEWHEIFEELRZ L3 WETIVHIL % 87
T %121%, NF«B#IHIC & % INK # g o s %
FOLZENLETH L. —h, EEHERTH S
actinomycin D (ActD), D-galactosamine B & U¥ a-
amanitin DfFAE F T, TNF-a 12 & % Fl5E A&
ENDLZENRHEHL LR oTWS, B F72 Wb
ANV ADFEPMILIZEE TH 5 2 & s
ENTWDS, W JE4E TNF-a FIHIZ & A MBS
BWTh, EHWERFEIC LML 7 v
(ROS ¥ 7+ v) D522 EDHLNIZR ST
ETW5. B Z2ZTHRMTIE in vitro I BT 53
P BE B AR O 2 HiW & L TR 5 [ E A
ActD B X UBRILA N L AFEFEASR= b)) o =FElk
(Fe (1) -nitrilotriacetic acid, Fe-NTA) % F€7 )V
Mk & LCULH &b HepG2 fla~iwin L, TNF-
a FHE IR EE 7 ORESE % K7,

KB LUERBRMH

1. HfasE

HepG2 flifgid, HAGK s F Wk 7 & H A
fugltr sy —IhfitGanzdbozlwne. 2
DOHE % 10% fetal calf serum (FCS, WAKO #1:#)
B & U Antibiotic-Antimycotic [100 U/mL penicillin
G sodium, 100 ug/mL amphotericin B (Invitrogen
3], 0.45% glucose, 2 mM-glutamine & &
Dulbecco’s modified Eagle’s medium, (DMEM,
WAKO #L#) #C, 5% CO»95% air 540 & L,
JICTA v Farx—Tarzirol.

2. Fe-NTA A&

Awai 5D FFNHE- 72, 9 mEEREk (D) JuKHI
P (WAKO #18) 1% 1 M HCl ¥ % Hiv>C 50 mM
\ZFEE L 72 72, NTA (Nacalai tesque #H82) 1%
1M NaOH i (Nacalai tesque #H#) % H T 150
mM (ZFREE L 72, 50 mM fEE#k (Nacalai tesque f:
#) BXO150mMNTA % 1:3 TRA L, NaHCO;
HWTpH 74 128 b 7214, 045 um membrane
filter TAHMWIRE L, FeNTA & LfEH L7

3. MTT assay

Mg ERERIE MTT 3 ([3-(4.5-dimethylthiazol-
2-y1)-2,5-diphenyltetrazolium bromide], Nacalai
tesque #H#) ZHWT, FEo 70 b a— i
Bt o> THr o 72, ML % 96 well-plate (Becton,
Dickinson #E#) 12 2x 104 cells/well O % & C#&FE
L, CO M ¥ F 2= —NT24BaiHE L7
%, ActD #MLiE L, 3051 TNF-a, 511K
% Fe-NTA % Mg (2 LB L 7. 48 WRRIRE 2 1%,
MTT &% & well 1210 uL $2o%IML, B0 K
6% A WEAT o 72 Wb (004 MRz &
AV 7Fa ) ria—i) &100ul wmimL, ik
L7zhVRF 2Ry 74 72X )L,
ZoHh~A a7 L — b)) —%— (TOSOH #:#)
% H\C 570 nm OWOEEEHIE 2 175 72,

4. 7HO—-RFIVERKENEICE S DNA A1t
D&

100 mm E238 71 v o 2 TEERE L 22 2 | L,
R & & Dulbecco’'s phosphate-buffered saline
(DPBS, WAKO #L:#4) 200 uL (2% &4, 1.5 mL
Fa—TIB L7z wUorEE (250x g, 10 40MH) £
EEEFER) B E, MLy MCHIRER Ny 77—
[0.1 M Tris-HCL, 0.1 M-2-({2-[bis (carboxymethyl)
aminoJethyl} (carboxymethyl) amino) acetic acid
(EDTA) , 5% Triton] 100 uL %=z, #IE % &
4, DNA W 2 L7z, 4C, 10 5 MER,
15000 rpm, 54;fE.LorlEL, LiEZH7-7% 15
mL F 2 =712y, TENYy 77—300uL, 7=
J —)v/Z7aua ks (Nacalai tesque # %)
400 uL I 2 FFEE, @048k (15,000 rpm, 5 45[H)
L7z, E#x#7-%15mLFa— 712D,
Ribonuclease A (RNase A, Invitrogen %) ik
Z1lul Nz, 37C, 1EHRiE L 721%, proteinase
K (Nacalai tesque #1:3) iz 8ul Nz, 20C T
—MufE L7z, OBt (15,000 rpm, 1550
M), BEEBREL, 70% =%/ —) 1 mLilx
FEEGDRELZ., FEZBRERTE NNy 77 —
20Ul simL, 1.2% 7#Ha— X5 VESKE %
1o 7-.

5. fRETERVERLT

5 N7 FBREIL IS + ¥R (mean+SD.)
TR L, HWEHBEIZIE Student D tREZ AT 7.
WMETFAEEZEILERE 1% KL L THEL 7.
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1. TNF-a (A), ActD (B), Fe-NTA (C) HiJd
MEE T D HepG2 A OHMEEM
Fx1LF S, TNF-a, ActD, BL U FeNTA H
FHALE C X 2 MR 2 MRt L 72, HepG2 Mg I
BWT, TNF-a 7 (01~100 ng/mL) @ 48
KHZ TR AEMBEEZ RS o7 (Fig
1A). F 72, HepG2 #ifix TNF-a 31T RE 12
Y AMEERL, ZUE ActD EI2 X )T 5
ZEPHLENTWS, 1V ZZT, ActD % 01~100
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nM OHEFHCHULEE L, 48 Bt oM & M) L
72, ZOFEE, Fig 1B IIRT & 9 ICRKAEETH
JamrEA R L, 100 nM @ ActD TIXEFRIZ
36%IZAE T L7z, —7, 01~1nM Act D JLiERET
TR S o, 512, A IMILA
FLAETNVERET 2 HITREN L ERESET
HDHEEFAL THET 217072, —#RIZEA 4 VB
MTOMPNEARIZENZ L2 S, EAREOR
WFe-NTA #fiH L, HepG2fllfgicZh % 0.5~
150 uM D HFIFHCHEFE L 72, 48 BEf T 05~10 uM T
A E M EEILRD SNk h o 72hY, 50~
150 uM T ELFB RO 517z (Fig 10).
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Fig. 1. Changes in cell viability of the treatments with
TNF-a (A), ActD (B) and Fe-NTA (C) in HepG2 cells.

These cells were preincubated for 24 h with DMEM. After
the addition of TNF-a (0.1~100 ng/mL), ActD (0.1~100 nM)
and Fe-NTA (0.5~150 uM) to the culture medium, the cells
were incubated for 48 h. The cell survival was measured by the
MTT assay as described in materials and methods. Data
represent the means +SD (n=4 experiments).

Fig. 2. Effect of iron on TNF-a/ActD-induced cytotoxicity
in HepG2 cells.

These cells were incubated with TNF-a (20 ng/mL) combined
with ActD (05 nM) for 48 h in the presence of Fe-NTA (2uM).
Cell survival was measured by the MTT assay as described in
materials and methods. The surviving fraction was determined by
dividing the absorbance of treated cells by that of control cells. A:
Control, B: TNF-a, C: TNF-a/ActD, D: TNF-a/ActD/Fe-NTA. Data
represent the mean=SD (n=4 experiments). *p < 001, compared
to cells treated with TNF-a /ActD (Student's ttest).
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2. $KFEET TO ActD-BEZ 4 HepG2 MR IC & (T
% TNF-a O#ifasE4
ARWFFEIZ BT, ActD (05nM), FeNTA (2uM)
Tl HepG2 i B 2 Mg IR0 S5k
PolzZ &5, TNF-a (20 ng/mL) /ActD (05
nM) /Fe-NTA (2uM) ORARINEZ #ILL, 48
FE % T OSAFAE T TNF-a /ActD 12 & % HepG2
falz B 2 fifgdtE 2 ) L7z, ActD (& TNF-a L
30 Aranic M Icmm L 72, 2o 1 K212 Fe-
NTA # WL L 72 (Fig. 2). O #, TNF-
a /ActD Tl ML E I 2 H ORI AR A ER 1 82%
TH DN, $HFAET TO TNF-a /ActD/Fe-NTA %
2B W TS Mgt Bl g S, Mg A=
X 60%F CILF L7z (Fig. 2).
3. HepG2 #ifa TP TNF-a /ActD/Fe-NTA 4L
IC& % DNA DAt
FRLSART X O ICEAFTE T TNF-a /ActD 2B &7
HINAFE %2 D 7270, Z OIFHINASE D ILEEDS 7 K
FN—=Y ZABHDLWIEA 7 O =2 APIIOWTHGT L7,
KIFFRIZBWT T A0 — A7 VELRIKEET
DNA Wrifbic o Mgt o E 21072 & &
5, TRMN=VABGMEREE L THWZ 10 uM
camptothecin LEFHICBWTIX, 94— v 7

(bp)
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thecin — -— = — — = +
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Fig. 3. Effects of TNF-a/ActD/Fe-NTA-treated HepG2
cells on DNA laddering.

These cells were incubated with TNF-a (20 ng/mL)
combined with ActD (0.5 nM) for 48 h in the presence of Fe-
NTA (2uM). DNA was prepared from supernatant of 15,000
rpm of cell homogenates and electrophoresed as described in
materials and methods. DNA fragments were used as molecular
markers. DNA laddering was absent in control cells.

oSNz, KiEEE TNF-a /ActD/Fe-NTA L&
HIZBWTREHED S ¥—3% — >~ (180-200
bp) EHR SN G-, ZORERLY, REEHETRE
TT? TNF-a /ActD FEMILILIL A 7 0 — 2 A%k
DHINIIETH 5 = L AVRIE S N7z (Fig. 3).

% =

TNF-a \EBESFRAL I H IR % 585 5 N1 &
L CTRWZ S 7228, B TIXIE T KRS
PR ICIL DB IEWT A b A v & L CH#R
ENTWDE. Y BWTY, REMCZ E
YDA M AL THLNREEZELD,
HROEF ORI CEE R EEHE R2 LTV 5,
¥ 72, TNF-q %, BREICAESND EFEELFH
45,5, TNF-a 1 ZFEZE mediator & &
ALENTWES, B Frid, EWHEFEET VM
fuk LC, #EMRBLHHBEEMRICHH SIS e
N 9 HR SR A AR O HepG2 MiiE 2 HH L€ & 72,
L L%hs, ZoOMIgid NF«B IZX % INK &K
O % RT I EDMOENT WD 720, IREHE
HITHAH ActD B L OERILA ML AFHEMTH S
FeNTA 12X 0, TNF-a iF#EFEEICEEE
Frew b b wikAhsz, ActD i, BEHER & L
THSNTBY, invivo, in vitro TTHRF—T A
FEHES L. 18 Leist 5 1% 13 HepG2 M~ o
ActD 333 nM, 24 BFREALEEC TNF-a Ok
EHELTWLY, Fig IBIORTLIICEESD
REFCIE TS D ActD T fa it &A% <
RETHo72728, 0.5 nMLE % 17> 72 (Fig.
1B). F7z, FFEEICBWTIE, HHEBEICL AR
LA NLAPRIAZZEFMOSNTEY, 2 21
D 71) —§klZ Fenton/Haber-Weiss FUn 2 & ) H2
e FaZThv (OH) A UMILA ML A% A
3 5H. 19 HepG2 Mifg~Fe-NTA ZiHmNL %2 W
ActD/TNF-a |2, Fe-NTA iRIMEETIX, BHS
2 TNF-a 12 &k 2 MlfaEE» RO b7 (Fig.
2). ITNLOREEDS 21ighk & ActD 25 TNF-a #%
BT B IR IS EE R ZEH L H L S
ZEDTRENT

) v &7 /LPS FHEMIFEE 2 & O RKIE G DS
B 53 2 Y VEFRE 2212 5T, TNF-a 23/
LREMIEBELZZEHZH - TwD, 9 2,
TNF-a IZ & % death receptor & /- L 72 #% M DO 12
INK iSRS, S 512 NFB iEMHAbIc X 5 7R
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b= 2ZMHRENRERLOTH L. — K2, BT
M2 BT 5 TNF-a OMIE 33 40P,
NF-«B Ol & MBI 3815 2 7EH O 12
BEATLEEZEZONTWS, Tbh, NF«BIZ,
FEMNE L2 B\ Tid TNF-a FEME QML S 7 ) v
ot LTRSS B VRV RIER B DY, —H
FIEMNLIZ BV TIE, TNF-a DL FES L
HEZ LD ENPSHEMEINTVE, AET VI
BWTIE, ActDIZX ) NF-«B&EHBAIHE S,
HIRAE DSBS N R DRI S5 .

F7-, MRERITERENICT RN R84
00— ZZXB &, TNF-all X BHFEEIZB W
Ty, TR 7R = ABL A7 0—-
ARG LMt 2 FHE S 5 2 EAMmE I T
B, 1320585 T, ZOMBBILE#RNT L LT,
FOEREFEHTLETHEELRTNND &2 5.
DNA WrH{t (DNA fragmentation) (X, 7K F—
VADQEALFNIRE L SNTEB Y, #@E, TR
= APAEUMBE DT L7Z2DNAZ 74
0 — A7 )VESKE) TikE)f%, 180~200 bp O FE%L
o “7 % — (ladder)” & LTHBEINTWS.
20 —F . Arua—3 2255 DNA OWFALIZ T
B =Y AR TL RO TH S, ActD
X7 R M= A%FET LD, Kleeff 51 ActD
100~1000 ng/mL T DNA Wi H L2380 51 5
2%, 10 ng/mL TIEFAO 6Nk _Tnwg, 2
REMHT ActDIZ 05 nM 2 L Cwb 7z, 2
DActD DEETIE T RNV RAEZFEL LWV E
Ziobhr., EE, Z0%EMHT To TNF-
a /ActD/Fe-NTA imMOMIEILHEZIL, 7TH b —
v ADHMTH H DNA OWiFLIZR SN, FE7
Rbh—=v AL 2RELE (Fig 3). A
YU E DY X D TNF-a %84 L 72 E
IZBWTh, ZoMifaskit, FicA7u0—Y AT
HLIEDPIRBEEINTVWL, ¥ F ZOLIHI%
YRS, ROS OIRENEE LN T & %5
CEPHEINTVDS, 645 22T, KA1 DN
EETFTNVTIE, Fe-NTABRMIZL DY, MEAND
H,0, & S EO RV -OH I ZE# & & (Fenton K
J5), ROSOEAREZIEIMIETVE. TIZE
D, FEhBIOZoRBWIZ LD EA Sz ROS
2R3 2 ISR L, ST R % K X
CTFHFTHIENTELLEEZOND.

INFTHAN—EZNT LT RN =T AN
THEWFNE L CELEMICHH SN TETEBY,

A 70—V ARBEHRLDOEEZ LN T,
L L, ¥4E, TNF-a |2 & 2 HIF5E ASHil i o A4
Lo TT7 R =V ATERL, 27 0—Y ABD
HINIE 2 5FE T 5 2 EDSHILNTBY, 520 J]5EH
THRWHE I N2 78—V 2" OFEIRE SR
TWwWiz, ZO5THEEEIEIAHTH > 728, &
i, TNFall Lo THFEINL A 70— AfkD
e X RIPK1 B X O°RIPK3 (RIPK: receptor-
interacting protein kinase) & \»9 ¥ F — B IZIKAF
WTHHLIENHLLERY, D 270 —-Y R}
TR M= A LFRRICEEISER TS & o THIE S
n/z7uz 153270 —3 A (necroptosis) DIFIE
DR END L 912 572, TNF-a HEE OGN
{LIZHIIESE B & O AEAE & v ) AR 7 2
DD YT FIMRER B FET HH, P ErEiES
512, HAN—=BIKFEDOT AR — A & RIPK
RGO A 70— 2 w9 2 0DFEED M
FAZD LB ¥ 7 F WMREREEE 5T 5. T4,
YRR BT A TNF-a 72 ESEVES A M h A
YOEFEGIIREBENTWED, © 2D 7 F InE
R O O RN IFEEIZF S 2 RESE
Aohb. T/, BRILA ML ZAIZBWTYH, 20
BREGICE D TR M=V AH D0 IE A 70— AN
FEINL LI N TS, 2 b bEHINE T A
ok TdH 5 Jurkat Mgz BT, Hy0, 13 0.7 uM
IR U3 Ic/ERH L, 1~3uM LT TIE7
Rb—=T A, ZLTC3uM B ETIEAZ7O—-Y 2%
HELAZEDMESN TS, 0 B PEITREE |
BWCH, 270 —T RAETRI—=V ADFEEDE
X, LA ML AKX o THIEbN S Ll S
L. §bbH, TNF-a BLUOMILA ML AIZH L
T, & TH S TNF-a /ActD/Fe-NTA 12X 5
KETIVIL, EWERESEETVE L THHZIE
Wittt sy —NichbEEZONL. b
MR XD, P HEFEEOWREZ X 0 IR IZEE
fliT X 2R2MHL S NE, BISRICBWT, K3
mOFE T B BT AEERWTH Z T HEIC
L, Bl XDy MR FFIZFHFGTE AL
EF Y (WS
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