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Inhibitory Action of Tumor Necrosis Factor-a on Hepatocyte Apoptosis may Depend on Inhibitor
of Apoptosis Proteins in Mice

Kayoko Sugawara (Gastroenterology & Hepatology, Saitama Medical School, Moroyama, Iruma-gun,
Saitama 350-0495, Japan)

[Background and Aims] Tumor Necrosis Factor-a (INF-a) produced by activated macrophages in
the hepatic sinusoids regulates the development of massive liver necrosis, and also acts as a cytokine to
induce liver regeneration. It is well known that TNF-a binding to its receptor activates caspase cascade
resulting in apoptosis, whereas this apoptosis is inhibited by NF k B, an endogenous transcriptional factor
activated by TNF- o . Moreover, inhibitor of apoptosis proteins (IAPs) are accelerated in the transcription
by NF k B, and can bind to the caspases to inactivate caspase cascade. In mice given a small amount of
TNEF- a, liver injury is not induced, but massive liver necrosis occurs following hepatocyte apoptosis after
TNF- o administration in mice pretreated with d-galactosamine (GalN), a transcription inhibitor. In the
present investigation, the relation of this inhibitory action of TNF-a on hepatocyte apoptosis to IAPs was
studied using this model and other mouse models. [Methods and Results] With the following models,
the hepatic expressions of IAPs were evaluated as IAP-1, IAP-2, XIAP and survivin mRNAs by RT-PCR.
Hepatocyte apoptosis was determined by TUNEL method. 1) When mice received TNF- o/, IAP-1 and
IAP-2 were up-regulated in the liver from 1 to 5 hr with their peaks at 1 hr, but the expressions of XIAP
and survivin were at the control levels until 8 hr. However, pretreatment with GalN before 30 min showed
apoptosis in half of hepatocytes at 8 hr after TNF- a administration, with IAP-1 and IAP-2 expressions at
the control levels at 1 hr. 2) Serum TNF-a concentration was increased later than 1 hr after endotoxin
dosing in mice pretreated with P acnes, but hepatocyte apoptosis was absent until 8 hr. Hepatic
expressions of IAP-1 and IAP-2 were increased forming their peaks at 2 hr, but hepatic expressions of
XIAP and survivin were unchanged until 8 hr. 3) IAP-1, IAP-2 and XIAP expressions were not changed
from 10 min to 5 days after 70% liver resection, whereas survivin expression was increased at 36 and 48
hr after the operation. [Conclusions] The inhibitory action of TNF-a on hepatocyte apoptosis may be
produced via IAP-1 and IAP-2. However, hepatocytes during liver regeneration may be protected from
apoptosis through different mechanisms, especially by action of survivin.
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A, RAFOEEE, i t, BXUHEEICBIS <Y
077 —YOMENFEHEINTWS. FRC, KTl
ftLie~xru 7 7 —IMW T 2 TNF-alk, i
B L AP AR R R E 2 R LTS,

TNF- o 1 I"{TNF- o 2254 (TNFR) &#iG9 % &,
Fas-associated death domain (FADD) % /& L T /1 &
IS—¥ « WA —RZ{FEHEL, 7R M= A %38
ITB5—)T, BEBFIRICKONF k BEEELT 32,
FFRfE Cl, @HETINF-alc K37 R =Y AME T
DI WAY, NFkBOJEMILEET S &, L&
DINF-a TET7 A=Y RICER T ENASENT
W3, T bR, S, NFk BOEMbIC & iz
BMEEZINBZN DT R =2 AD Y T FI)VniEz
FHE L, MASEN SR ZREL TWVWE EEZ LN
TET.

Inhibitor of apoptosis proteins (IAPs) (&, f# 4 OfHfid
IKBWTT7 K=Y AZAET ZH, N3 EEE
NFkBIZ ko> T EN5>7. IAPsIENAEHTHITOD
7 2 /W 5 7% % Baculovirus IAP repeat K X 1 > &4
L, COEF—TIHDHELGHRICKDFEI NS TR

F = ZOMENCHHETH S L ENTWVB". L R T
& 8D IAPSIMFE(ET 5. 1APsIE /1 A—X L fES
T2 EICK D ANR—BOIEHLZHES . 1APs
I/ I IAP-1, 1AP-2, BXUXIAPIE /) AN—¥3, &
ZoS—¥ 7, TahZ)—¥9k, survivinld 1 Z/8—
3, HAS—ET7 LHERTE"Y.

—73, XU ATIEMEEZFE LRV DEDTNF-a
T, H5h COHIREHEFEFEH DD % d-galactosamine
(GalN) Zz# 5 L CHBL &, ILNINAEMEESE 2 £l d
% (GalN/TNF-a € 7)) 7. COEHEFET IV TR
TNF-aiC & % NF k BOVEMERIC GaIN D 513508 L
BT e B, GaNOIEMIE, WML U/ZNF kBIC
K OREIND TR b — MK T OFREZHE L
TV EHEEENS.

% 7z, SEE D Propionibacterium acnes (P acnes) 7 Hij
BELEZy McZ Y R Fo 252 L, EE
L7~ o a 7 7 —UhERNE IR ZEE L, A
HWNIIC T o 70 UHWLE U TIAIN & I s 5E v A
U% (Racnes /T REF2VETFIV Y. COETIV
KBV TE, IfHHTNF- e s —@ikic ER LY, 2>
R k2> L ABFICHITINF- a itk 7z 59 % & i
HPHIENZ ML TEL Y, cnbh b,
TNF- o (& B0 N R il 72 f s U 7ewbiR, 707U >
hEZElTEEZILNS.

EHIC, T0% T YIREZED < Y X DEER T
& sham 21 LbRT, HiFasHilkDHE 51X D 7R
F =Y RICE B HMBEOEMN DR T &Y E
NTWV3. HoRFYIBRE O F NI It I TNF- o fif (&
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FRUY, FEAERECESLTVEEEZSENTYL
50, EEIXTACHENUHTINF-az5LTH
<&, FasZz N UTHFMIIE Y R b —2 A IiflE N3
e, HORFYIRZICEMNT 2 TNF-ald, 7R
;= ZITHIHIPNCSER L TS ATREMED S 5 .

ARWZETIE, TNF-aDH17 R b — A1EH & 1APs
DOIFIc B 538 %, GalN/TNF-aE7 )L & P acnes /
IYVRMFVVETIVN, BERUEHHYUIBREZDO <Y A
ZHWTRGET LTz,

H &
1. SRt (Fig. 1)
6 DIMEBALB/c < w7 X REICHE L, il & AT
DAL T — T )V R T o 7z,
IfilH'TNF- o fifi & alanine aminotransferase (ALT) 14
%3 b (Genzyme Corp., MA & Iatron Lab., Tokyo)
THIEL, fHAFE10% RV VEE, F7zidimkik
ERTHER-80CIHRIE LTz, YUADEIEB X UHE
BRCFE L Tld, BiRERKZEY ST 28y Lz,
1) F2ER1:22P8i2 20 mg D GalN F /=34 B % iEkEN
BEL, TD3070%IC0.5 pgDOTNF-a £2348
EERE LU, MR E T2 TNF-a %51, 5, £72138
RFRIARICERER L 7z,

2) B2 15VLICHEAP acnes 1 mg 2L, FD7
H#ZIC1mgOTY FhF2Uoz2fFE L. ke

Experiment 1. D-galactosamine (GalN)/ TNF- a model
k sk k sk

-30 min 0 1 5 8 hr

T TNF-a 0.5 pg or saline

GalN 20mg or saline

Experiment 2. Propionibacterium acnes (E acnes)/endotoxin

model
%k %k 3k %k 3k
/

-7 days 0 1 2 5

8 hr

T endotoxin 1mg

P. acnes 1mg

Experiment 3. Partial hepatectomy (Hx) model

K at 0, 10, and 30 min and 1, 2, 6, 12, 24, 36, 48, 72, 96, and 120 hr

0 120 hr

?

Hx

Fig. 1. Experimental designs. * : The blood and liver were
collected.
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zry R+ oR5OEE, 1, 2, 5, £k
BIFfEIFZICERAL L 7z.

3) FER 3 1 220EIC T — T )UK R T 70 % 57 AT YRR
1TV, Ik & B2 il OE%, 1047, 3097, 1, 2, 6,
12, 24, 36, 48, 72, 96, % 721X 12052 I FRE L 72,

2. PRGOSO Rh—Y AB KT

mitotic index DHEE
TV VEE LEENT T 0 ai L cy

PUER L, "\ FrF2 VY AV UYL ET,

R 5 2 #a85 U7z, Mitotic index !, &YIHICDE

3,000fELL Ol zBE Lz, £z, 7RF—TX

DO TUNELYZ: (Integren Co., NY) ZHWT, &YIH

12D & 1,000 L EORFHML THEE L.

3. RT-PCRIC & % IAPsH I & O
HASHF AR D SRNAZ i H L, cDNA%Z F v b

(GIBCO BRL, Life Technologies, Inc., MD) I & O &%

L 7z. Table 1ic {7z primer Dfid ¥ % 715 3. PCRIZ

94°C 7% 40%, 60°C%20%D, 72°C7% 407D DIIHIC 25-304

A7 IVTRIGE Tz,

fm R

1) GalN /TNF-aE&7 IV
Fig. 2IC/R LTz K 21T, HBOAKRE LIxiE~<
Y A TIEAFICEIT 5 IAP-1 £ IAP-2 DFHIZRD 5
Nizholzh, INF-aZz#59 % & 1%z € —
7L UCHIREIR X CHEMNEM L, SKFHZICIE
SHREED L X)VIC R - 2. XIAP & survivin D 58
8RR R Tl LIE R SN Ao Te.
3077HNC GaINZ# 5 L TH< &, TNF-afh1
REE% D IAP-1 L IAP-2 DFRBUI IR L N)VICE T
HlE N7z, R R b —2 X & BB, BX
Gt ALTfED EFIE, TNF-af5< 7 A TIER
SNah oz, GaNZgiREG Lz~ 7 AT,
TNF- o #25-5RfH 1% & 8IFRITRIC MY R b —2
A, HFEESER, IMPALTEO FFOMNEFEDH S
N7z (Table 2).
2) Pacnes/ TV R+ FVETIV
X7 AICR acnesZz ¥t 59 % & THZRODIMAHTNF- o

Table 1. Primer sequences for inhibitor of apoptosis proteins (IAPs) and hypoxanthine

phosphoribosyl transferase (HPRT)

mRNA Sequences Product size (bp)

IAP-1 5GCTTACTCGATGCAGAAGACG3’ 199
5TTCTGTTTCACAGCATTGCACY

IAP-2 5GCCACCTAGTGTTCCTGTTCA3 200
5CAACAAACTCCTGACCCTTCA3

XIAP 5ACTTGAGGTCCTGATTGCAGA3’ 193
5AGTGACCAGATGTCCACAAGG3’

surviving 5CAGATCTGGCAGCTGTACCTC3’ 210
5ATGCTCCTCTATCGGGTTGTC3’

HPRT 5GTTGGATACAGGCCAGACTTTGTTGS 352

5GAGGGTAGGCTGGCCTATAGGCT?

Time after TNF-o. administration

0 1 5 8hr
GalN -+ - + - 4+ - 4+

TNFe - - + + + + + +
TAP ) i e disiccibeontice, i asbasadbsssdimastiouadii

Fig. 2. mRNA expressions of IAP-1, IAP-2, XIAP, survivin and HPRT, in the liver of
d-galactosamine (GalN) and/or TNF- ¢ -treated mice. The right lane of each panel shows

negative control without cDNA.
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Table 2. Serum ALT activity and hepatocyte apoptosis in the d-galactosamine (GalN) / TNF- o model

Group oy kﬂTI:rIEge(}?f) ALT (U/D he}ﬁl‘zgf;fc):(c% )

saline / saline 2 1 29, 37 0

GalN / saline 2 1 30, 63 0
saline / TNF-q 3 1 57 - 49¢ 0

GalN / TNF-a 3 1 36 111 0
saline / TNF-q 3 5 40 1+ 4 0

GalN / TNF-a 3 5 1741 4 1025* 26.0 1 13.1*
saline / TNF- 3 8 72 125 0
GalN/ TNF- « 14 8 4243 50.7

*p<0.05 vs saline / TNF-a group as control by student’s ¢-test.

*Time after administration of TNF- ¢.

¢ Mean 1-SD. “Two mice died before collection of blood and liver.

i ALTIEMRZIEEME TH - 72, EHICTY R b
FooEE5T 3L, TO1IREREZOIMPTNE- o
EIEFEHIC EF U, 2RI IR L
(Table 3).

ALTHEMEZ T > R b F v R 5% S R H I
SRHICHARNTHERIC EF LD, FFHilRoEE L
7R b= A8 H £ Tl iz o Iz

Fig. 3lcr L7z &k 91T, P acnesHR5 L=<
A TClE, FHCHTZIAP-1 L IAP-200RHIZ TV R
MR UBGO1REZBN BEE L, 2KRRIC
Y— 713 L7z, XIAP & survivin DFEHIS KR
FTELRRE SN T

3) o FYIBRZROHAFET IV

Fig. 1R L2 K D1C, ST SIAP-1, IAP-2,
XIAPDFEHE, o AFUIRR# 120 H £ T2k
FRLNGED-TD, survivin DFEHR L3605 H &
ASHFE ENC B U 7z,

FHREAE D mitotic index &, #iit% 2 HHICE—ZIC
EL, B R Uz (Fig. 5). M TNF- o fE
7% 24 e I D A 57 (90 & 7213190 pg/ml)
U7ed, ZNLUTE 72132 N LA 120 FF i H & Tl
154 (26 pg/mILL ) T&H - 1z,

z B

TNF-o0 DZRZEIIF IR E TR H S, TNF-alk
[TITNF- a2 R ERER T2 E T R — A28 d
5L Eyic, Bixs8%2/T U TNFkBZIEMHET %
ciicky, 7RI =V RAEMHTZERNEHEZ T &
NHISNTWS?. Kgeld, FOWFE%H%HNT,
XU ADKIC BN THEEIE LIENFkBAY X2 8—E -
H A — RZH#ET 5 IAPs # 58T 3 €7 IV 2 ERK
L, ZNSHAFHIIEY R b — A &400H$ % Al e %
MLz DTHh 5.

TNF-aZ~x 7 A5 % L, HHCBT 5IAP-1
CIAP-20D FE IS — @M IS B8R L 72 A%, GalN 7% i

Table 3. Serum TNF-a concentration and ALT activity in the
P acnes / endotoxin model

T‘mi‘; Jje“fzfirofl“(‘il"r;"x‘“ TNF-a (pg/ml) ALT (U/))
0 341170 28116
1 12367 1-6772* 28117
2 1417 11533 4718
5 298 1175 72144
8 120 117+ 194 1-92*

*Mean I SD of three mice. *p<0.05 vs 0 hr by ¢-test.

Time after endotoxin administration

0 1 2 5

8 hr

IAP-1
IAP-2
XIAP
Survivin

HPRT

Fig. 3. mRNA expressions of IAP-1, IAP-2, XIAP, survivin and
HPRT, in the liver of P. acnes and endotoxin-treated mice. The
right lane of each panel shows negative control without cDNA.

Time after partial hepatectomy

min hr

01030 1 2 6 12 24 36 48 72 96 120
IAP-1 R T
IAP-2 BRIl LIl LI TR LN
XIAP BT
Survivin DL L

HPRT BT I LI L

Fig. 4. mRNA expressions of [AP-1, IAP-2, XIAP, survivin and
HPRT, in the liver of partially hepatectomized mice. The right
lane of each panel shows negative control without cDNA.
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Mitotic index (%)

) -o—0—@—00 T T
0 1 2 3 4
Day after Hx

Fig. 5. Mitotic index of hepatocytes in mice after partial
hepatectomy (Hx).
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59 %L, TOTNF-oOEEERZIH S Nz
Pacnes /T R hF U ETADFICBNTE
IAP-1 L IAP-2DFEBIMER LTz, ThHEXTAD
55, AFIREY R b= ADBIREINZDE, GalN /
TNF-a#& 57 ADORTH->7T=. —J5, survivin DFE
RIEWET VOB TIRZIL Uish > 720, #H
HFUIERBE DFRAERTIC IV TR L 7z

TNF-aZ#5 LUlz~w ZIEFH 7 R s —2 X
MR HENT, BEHEEMDOD % GaN ZHi{K 5T
TR —VANFEIN EDNDS, T ADAF
HIC B TIEFIY R b — ZEH % L DEHOEE
ZHET S L, TNF-ald7 Rh—Y ARFET S L
EZZbNiz. £72, GaIN / TINF-a €T )V TORFICE
\F % 1AP-1 & IAP- 2Bl OHEN 5 (Fig. 2), WIAPsl
TNF-alic &% 7R b= ADFEEHTT5EN &
HEE SNz, COHEEIE, cNFE CITRE I NI
RN LTINS, Thb5, HFHICBOT,
TNF-aldNFkBZWEMEE L, CTOWEMEbzGd 5 &
7R b=V ZAWFEENY, LU NFeBIIBEAL
THIFRIC BT 2 1AP-1, IAP-2, BX UXIAPDFRH
BT S LG ENTWBE>Y, £z, Wang CY. 5
F, MHERERIIRICHB W TCNFkBIC K D FEEE N
727 R b — 3 AHIAP-1, IAP-2, TNFR-associated
factor (TRAF) 1, BXUTRAF2ZEA TS LICXD
ez eZBELTWVWEY. &5, IAP-1&
IAP-23 /1 A)S—X « h AT — RO RRICNIET 54
AIN—V3 L B A= T7ZAET B LT N
V3",

Bcl-27 7 2V —IZEd % Bcl-X, £ Bfl-15 7K h—
DAL, ZD F, NFxBIEli#E D5 24
LeENZH0, ZO—)T, TNF-aZ&5LTE
FFIC BT 3 Bcl-X, OmRNA L HFI LNV ZE D 5 7
MolzDWEEH A0, 5, GaNOHHREG DA
HICHD 5T, INF-aZz#%59 % L FIcBIr 5 Bil-1
OmRNAL NJVIEHI L T Wiz L DBIZNH b 1,

#->7T, GalN /INF-aEF BT, TnHED
EEDEI 7 R b —2 AICB 5 LTV Al RetEIZ D
T ENnsd. ¥, GalNidredox homeostasis
OFEZN LT T R —Y A iFE T B[ REM 2R L
PSS H 51, 1APs & redox homeostasis & O BE{%
IZDWVT, 5B E SIS 2REDNH A S.

Table 3 & Fig. 3IC/rL7z&K 51T, P acnes /L K
Mo rEFICBWT, MHATNF-affiid=> Kk
FIUEGOIRRMEBIC ERL, &51C, ZF0O1H
BORFICE T 5 IAP-1 £ IAP-2 D SN E I IR L
7z. TOETIVTIETNE- o HEAIE N 2 Hiid 72 [ L,
ZORER, FHRWNIZT ¢ 7V Utk L, JLINIFEE
EHWERINE L 2EET S L, NAEDTNF-a
MIFIC BT 2IAP-1 L IAP- 20O RHZEHEL TW5E L
DEEZBND. —J7, G IFYIBR%ES HE TORT
fFCid, IAP-1 £ IAP-2D N DOFIE R L TV
Mo iz, T 24 B #% O P TNF- o ffiid EH L TWw
=R, FOMEIZP acnes /T2 R NEF EFIVICET
BYE—=TRD1557D 1 LN TH - Tz, HYIRZROLE
FRcHBWTE, FiFashihZzikE5 L Th, IEHAFICLE
NTHHIEO 7 R = AR T bIhLhiec 5k
WEBREENTWSY. F/2, NFkBOEMELEIZ
1o ZISEB FUIRR 217 5 L AFMIIE Y R b — AN
fCaT eI NTHs®, UL, AFHIfaE:R
IS NF k BZ {9 % &, S HFYIBRZRIC T K b —
AFRBHENIHEVEDWEEH B, BENTETIVIC
BUF DAL R b — ZOEFIMEIC DN T, Bk
LB SSEMETT 2 0ENH 5.

E YRR O 36 1[5 1% & 48 IR 1% DFRAZEIFIC B
T, survivin O FEB A FHHIC 8 L T\ 7 (Fig. 4).
Mitotic index ( F- i % 48 MFf H I L, LARXRES
IC{E N U7z (Fig. 5). Survivin R Hifa v+ 700
G2/MIHICBOTHIfE A &7 R b — ZOHfIC
B9 5 EENTW3 ™, SurvivinlZ NF k BOEE
LEBEEBZHT R —Y AMEHZRIETZ T &h
5, ZOEFIS DWW TN DD O H S
AT ZRENRDAS.

AWFZEIE, in vivo THHIIEY R b —2 X ERHCEBT
%IAP-1 L IAP-2 DB & ORIRZ IR LIz9HTD
REFERTH 5. LT R s — R R % IAP-1
CIAP-2 DFEMS B IR TH B M, AREERIC KD
TNF-qic X 0 iFE & N3 IAP-1 & IAP-2 A Al 7 R
F = AZHIL TS A[gEMEN R I Nz, £k,
FFFASBEIC & A HFHIFIC BT BE 2BFIC R D
FFHIRE T R b — 2 AT T il REED S D,
FOMEHHEFD 1 D& L Tsurvivin BT 5N L 5.

]

FFHIAE 7 R b — 3 AR 5 1AP-1 £ IAP-2 D EEH
KSR IS ARBAED, AFERIC K D TNF-alc & b A
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ENBIAP-1 L IAP- 2 FMINE Y R b — 2 X 24| L
TWAAREEDN R E Nz, L L, HEABREICH
BRI BN TIE, B 58 X 0 Y R
F = AT N TS AREEDH O, Z DI
F0D 1 D& LU Tsurvivinh & 2 5 nie.
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