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Iron chelating agent, deferoxamine, induced apoptosis in Saos—2 osteosarcoma cancer cells
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Purpose:

Iron is a critical nutritional element that is essential for a variety of important biological processes, including cell

growth and differentiation, electron transfer reactions, and oxygen transport, activation, and detoxification. Iron is also required
for neoplastic cell growth due to its catalytic effects on the formation of hydroxyl radicals, suppression of host defense cell
activities, and promotion of cancer cell multiplication. Chronic transfusion-dependent patients receiving chemotherapy may
have iron overload, which requires ironchelating therapy. We performed this study to demonstrate whether the iron chelating
agent deferoxamine induces apoptosis in Saos2 osteosarcoma cells, and to investigate the underlying apoptotic mechanism.
Methods : To analyze the apoptotic effects of an iron chelator, cultured Saos?2 cells were treated with deferoxamine. We
analyzed cell survival by trypan blue and crystal violet analysis, apoptosis by nuclear condensation, DNA fragmentation, and
cell cycle analysis, and the expression of apoptotic related proteins by Western immunoblot analysis.

Results : Deferoxamine inhibited the growth of Saos2 cell in a time-and dose-dependent manner. The major mechanism
for growth inhibition with the deferoxamine treatment was by the induction of apoptosis, which was supported by nuclear
staining, DNA fragmentation analysis, and flow cytometric analysis. Furthermore, bcl2 expression decreased, while bax,
caspase-3, caspase9, and PARP expression increased in Saos?2 cells treated with deferoxamine.

Conclusion : These results demonstrated that the iron chelating agent deferoxamine induced growth inhibition and
mitochondrial-dependent apoptosis in osteosarcoma Saos2 cells, suggesting that iron chelating agents used in controlling
neoplastic cell fate can be potentially developed as an adjuvant agent enhancing the antitumor effect for the treatment of

osteosarcoma. (Korean J Pediatr 2009;52:213-219)

Key Words : Deferoxamine, Apoptosis, Signal pathway, Osteosarcoma

M =
HE2 AT, RSN, wo] 222N, Alo]EAE 59 4
wol HaL QIFte] S frAsh=tl Bl a0l 4wt Fhake]
AR 54< Hees EdadA(transferrin) 3 22 93

Received : 25 December 2009, Revised:9 January 2009

Accepted 1 19 January 2009

Address for correspondence : Pyoung Han Hwang, M.D.

Department of Pediatrics, Chonbuk National University Hospital, 634-18,
Keumam-dong, Jeonju, Jeonbuk 561712, Korea

Tel 1 +82.63250-1472, Fax: +82.63-250-1464

E-mail - hwaph@honbuk.ackr

chal sk AghsiAu AlE A, e F 248 F6ke] Al
we] Adg dRe F84% FA%Th 2y o] o]
S o]2lgk 24 7]Ho] o YA ko] bl whek A&
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Fd N, FF YT, 5 AFE NE § Ogs v &=
A N e dANAIE 7R ALY Ho] AFHE A
52 oo A PHE o) FoiRh 2y o]g e FolEs
o] MIHZ lgh PYWF o7 At A 9-7F FHAs vhde] 8
e dAo 2 RE Fuje He ¥R st 1t A 59
ofe] A7l o] AAHE dEA YA 23S (hemosiderosis)
o7 Qgte] FAAHA AbEEIE F0 Y vl FyyE

< S7HA717) ek Aske detslsta el ot FFo F
AAZ Aste] RIHE 8-S Wi Q= Ao TEHAEANA 3
BAH - EZ] Fhehe FAlolth olelgk wHESFERE Q1%
HAEAHHEARASS A5 F e ZuolE FAde defe
roxamine®] A= o] gkom FHZel= A8 AR deferasi-

rox s°] 3

Deferoxamine< Streptomyces pilosusZ%-H &% & Z
o] EokA A HlwF ARLAFHR(MW. 656.79) &2 733
o2 dd Al AFEEI glow, o] FEE A
d& AAse Ago] JoBRE AW & A ste] 22 Yo
o ¥EE AAAA FAVY] WS A F Arkal Bl
At b Y. Deferoxaminee 2], w8l s|lmAd@el] 2
g Hy AN EdadE S EFEA] Ato]EAF] A

e e A etk e 8% W A BRI g2
T o REHE Hol ojddomm o FHr|d =AFE HZA
A Es A AASe Zaprt o i d R Qlste] FRA|

e FzFo] MAe $totoA] deferoxamine Fo1+& Al A%
Aol AA v ZFHHAY AT AT maH PP

-1 9/]9] 7]50;% U ]—Euﬂ ﬂ]aﬂi "= /\1‘1731_\1'1 =5
oA deferoxamines A F A4 WS SRitke
7b i1 oM™ paraquat Folell o1& 143} # 22 o] 2kshg
ol A deferoxamine®] #¢} 3+ 222 malondialdehyde (MDA)
B, HEEA BHE S H 249 superoxide dismutase
(SOD), Uy FFEA(GSH) ] F7He dEtilo] A A #kst
oA 2 st e BAT?

ol deferoxamine® J3ate] oHd 7 712 A
AstL ALAEAE fEstd, o =48

A A EAEALE freste] dAgke] S AT
7h o] Aol TFFAENA tE Fetsist a2 Qg
3 e oste] A He] F2d AM8-3H= deferoxa-
mine©] & AATL Ut ofe} GAE ] AEAEALE F 25
=X digte] dolR i MEAEALE fEgttiH 1 A2l o
sto] olr 1z} st

Rl

ok
o R
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1. MEbhet

AT ARHAD SHF AEF Saos-2v= FAEF

23)(Korean Cell Line Bank, A&t FAT-2)ell A F-uf s}
Atk AX g DMEM (Dulbecco’s modified Eagle’s
medium, Gibco BRL Life Technologies, Gaithersburg, MD,
USA) =]l 56°CellA 3083t 7FEate] njgdst A7l 10% ¢
glo} & A (FBS, Hyclone, Logan, Utah, USA), penicillin (100
unit/mL), streptomycin (100 ug/mL), glutamine (300 pg/mL)
< Arteto] Azsdeh AlEFE 99 EFAE AHE3SHe] 37T,
95% HI, 5% COy vlg7]oA v detdlar, S44 o2 AE7t
confluent # ol Egal= 3-49 702 At wjFs 3132
v, Aol F 3BA olskl AlENE AHESkith

2. NzdE &3 2 32(2E Ho|2 HME 0|SE
NZzLE 24

Saos-2 AIEE 24 well plateoll 2x10"7/8# w7111 0, 10,
30, 50 uM9] deferoxamines A &E|s ¥ 1, 2, 39 Fo Egst

T Ao R NEZLES FAA %‘OP‘R}% AEe] AEs
=438l7] 918ke] 6 well plated] 2x10°714 2] AES WA 7]
SEHE YTt A 48413 F wiek
4715 50% H¥-&= 3GA|7]3 phosphate buffered saline
(PBS)& 33] Al#ste] AE AERES &7)d FFAIFACE 2
A Axe Zuzg ble]&dlo R fAste] #Esigith

B\ rulm

deferoxamine<

f

3. DNA EHEZH(Fragmentation)

Saos—2 Aol deferoxamined FTE=HE A |dto] 48417k
WS & AlE A dojubE DNAS| W% i} o3 o] A
Aot AEZE 271 PBSE 21 AlF s AZE FHo &
713 lysis buffer (10 mM Tris—HCI pH 7.5, 10 mM EDTA,
0.5% Triton X-100) 500 L& 7}ate] Dol 3023t &30
A1713L, 13,000 rpmellAl 1027 €4 EElste] AE HA7E
AAg 5 FFHe Al FEo &Zh phenol/chloroform 500
uLS HEstel A3 43 13,000 rpmolA 1087 94 &2
Eias! 715}94 S AR £ DNAS A28 FHol
%321 ¥ 1/10 volume®] 3 M sodium acetate®} 2u[ <] o gh-&-<
9 dFelA 3021t wAske] AHAIAT 47T, 13,000 rpm
oAl 1083 44 £2]5ke] DNA pellets 4& F 70% ol gk
2 AFsta, 7] Fol 12AZ ¥ 2 ug/ul RNase A7} $hr
H TE (pH 8.0) 20 uLell =] 1.5% 3 Aol A A 7|35 sl
DNA ©3tE glstoit

4. 8§ 2= (Nuclear condensation)

A Z o] G2 deferoxamined 2] FEZ A 2|3 F 484
b Ft MY F UA AEE 3ete] I PBS & o g A X o]
Zalol= Fefio] &7 F A2 ¢ 587 Carnoy & (g
S124=31) 02 AAAHTE o] 9l Hoechst &9 (0.1 mg/mL

P 5 Ao A 1083 EAAI7]AL PBS &2

G A A wEeTh
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5. MEF7| 24

Deferoxamine* 2] & W3l¥ = A ¥F7]Z2 propodium iodine
(PD9] g oz HES AT} Saos-2 HlFEF0l deferoxamine 30,
50, 70 uMS PBSOl| S|4 AIA 24417t T2 A3 & A 23
iR 2 aAEA T A 48417 - MEE PBSE AlAH3ISG A,
70% ol eh& 2 Aol A 308 3F A sGic viefF 539 A Eel
% =7F PI 20 ug/mL, RNAse 20 ug/mLeo] ¥ =% 713k &
of A4 7](FACScan flow cytometer, Becton Dickinson,
San Jose, CA, USA)S o] &35t MXEF7E 453t

6. Western hybridization

Saos—2 A|3Ee] deferoxamines A&k 24A17F} 48417 %
Arehie & aids 2esivh AEE 2-33] A7 PBS
2 A % 100 mm &7l 1 mLe] PBS-TDS (1 XPBS,
1% Triton X-100, 0.05% sodium deoxycholate, 0.01%6 SDS,
0.5 ug/mL leupeptin, 1 mM EDTA, 1 ug/mL pepstatin, 0.2
mM PMSF) &9& 37k 1583F 45 f1elA %3 £ 13,000
rpmoll A 5@ f4lte] M AR & AASF o, o
A FE+ bovine serum albumin (BSA)S #%+8}3te] Bio-
Rad Protein Assay Kit (Bio-Rad, Hercules, CA, USA)E A}
43t g 39 10 pgel £31dS 75% mini gel (Bio-
Rad, Hercules, CA, USA) SDS-PAGE (poly acrylamide gel
electrophoresis) 2 WA #3dx, o5 YEZAEZEZ - T
(Hybond-C Amersham Pharmacia Biotech, Piscataway, NJ,
USA)°l 60 VE 2A3Fset 174 o o] &atirt. whe] 527
< 5% A7 d+rE TBS (TBS+ 0.1% Tween 20)-8 0l
A oA 1AIREE QT AAISATE AR E AL A T
o HHg FA] % 12 FAE 1:1,0002%2 TBS &9
g4 sto] AdollA 1413E WH3AIZ1 F- TBSE 33] A8kl 2
2l A RE horse radish peroxidase (HRP)7}F A% anti-
mouse IgG &€ anti-rabbit IgG (Amersham Pharmacia
Biotech, Piscataway, NJ, USA)E 1:50002.2 3|4 &}e] A&
ol A 1A7F WHE-Edty. TBSE 33 A2 5 ECL 712 (Amer-
sham Pharmacia Biotech, Piscataway, NJ, USA)¥} 30-60%
ZF ¥kS 3 [AS-3000 imaging system (FUJIFILM, Japan)2
&3l immunoreactive bands®] 3 =7t A3t =HAh
2 Ao A3 A= 23 2l Akt : phospho-Akt (ser
473) from mice, #9276S, Cell Signaling, Bervelry, MA, USA.,
Akt from rabbit, #9272, Cell Signaling, Bervelry, MA, USA.,
Bcel-2: Bel-2 from mouse, sc-7382, Santa Cruz, CA, USA.,
Bax : Bax from rabbit, #554106, PharMingen, San Diego, CA,
USA., Caspase 3:caspase 3 from rabbit, sc- 7148, Santa
Cruz, CA, USA., Caspase 9: caspase 9 from rabbit, sc-7885,
Santa Cruz, CA, USA., p38:phospho-p38 MAP kinase
(Thr180/Tyrl182) From rabbit, #9211S, Cell Signaling, Ber-

Deferoxamine induced apoptosis in osteosarcoma cells

velry, MA, USA.
7. SHAzE

B W Student's t-testE AHE3IY AR oW PRt

£ 005 Vv © EAH fegow e

5

£ o}

1. DeferoxamineOl 2|8t MIZQ| MZAI{H|

5% AEQ Saos-2°l 0, 30, 50, 70 uM<] deferoxamine

e F 1, 2, 397 MNE] &5 FA43 AN AT T
o A& FHF AE] F2o] AAHAT ol g AdFeA
ool 1Y9ARE el 30, 50 uM H 23 AlEE 2dARE
He A7t 18 4ds sHA Rete] Alxgrt @A Zast
ATHFig. 1A). Aeldle Mo A=E SA4317] st 6 well
plated] 2x10° A8 2] AEZ W FA 7] deferoxamined &=
A2 At 4AIZE §F Aolls A Agag npo]&o
2 dAste] e A¥ s oEH oz Aoldy AES 7

A5 RYH(Fig. 1B).

O

|
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2. DeferoxamineOl 2|8t MZ2| s 2= U DNA EHESIO|
st
Deferoxamine®l| 23k A3 oA 2] Hejsts] WalE dolr
7] $1ate] AEIS SolForw A= Hoechst &4&
ARgste] Mzdle] RS fFar T vlawsle] #Ee A de-
[e}

31
feroxamine?] &=l 2]

A

Control
DFO 30 pM

I

Cell number (x104)

DFO 50 UM
DFO 70 UM

Days

B Deferoxamine
Control 10uM  30uM  S0uM  70uM  100uM
—

OO HD

Fig. 1. Effects of deferoxamine (DFO) on cell survival in
Saos-2 osteosarcoma cancer cells. Cells were treated with vari-
ous concentrations of deferoxamine for 3 days. Cell survival was
analyzed by trypan-blue method (A), and clonogenic survival
was assayed by crystal violet staining (B). The number of cells
was determined and the results presented are mean®=SD of
triplicates. *P<0.05 (as compared with control).
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o= Qg Av|9 Fast A SFo] T HFig. 2B).
Deferoxamines & Al Saos-2 AE2] A A7 AEA}
Ak 93 IR S A3t A} A EAFEALF WA endo-
nuclease®l 231 DNA7} 180-200 bp Z71¢] oligonucleosome
o2 ZHAA FHof g Aof] Ar|GFol 5EHHA Ak &
%S Kol ANS o] &3] AEALAF FE o2 AHsT
Deferoxamine®] *2] A] DNA ©¥#H3} 43S Ho] AxzEA
7F dojyk2e & F AR deferoxamined A F=7F &

7} DNA @383 E S71E A th(Fig. 2A).

3. Deferoxamine0fl 2|8t MZF7| 24 2 MEXIHEA R

*F H]EEOJ Saos—2°1 0, 30, 50, 70 uM<] deferoxamine
A2t § 72} AZE] AEZFVE FAXEAVZ 248 2
ol A deferoxamine 2] & 244 50 uM F=A G19] ar-
reste} ofb&E AXAHEAL EEA A7l T7HE EAH(Fig.
20).

Deferoxamine= &3 § 1, 2, 3d4# AExE A3 43
Al s o &AM FKTAHE] FAo] A H
A= weF 194 vekstar 50, 70 uM A2 3 Al
= 29AFE = AETE A8 S ﬂ"] et AEFTE 4
olelsk MES] ZFaTE AEAPEAL] 71915
= AE dolrr] s "ﬂJX}w’*P frie Alell Y ol
A2l poly (ADP-ribose) polymerrase (PARP)9] A4S XA}
& A7} deferoxamines g F 2UAFEH PARPO &4 o]
el o sxe] oEA SR FUlEol HF AEd
Al deferoxamine®l oJ&] AMEAEAT FEHASS & F AN

tHFig. 3).
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Control DFO 30 un DFO S0 M DEO 70 uM

Deferoxamine
Contral 30 UM S0 LM 0 1M

Contral DFO 30 M

DFO S0 UM DFO 70 bM

Fig. 2. Effect of deferoxamine (DFO) on the induction of apop-
tosis in Saos-2 osteosarcoma cancer cells. (A) Internucleosome
DNA fragmentation. Cells were incubated with various concen-
trations of deferoxamine for 2 days, and then DNA was extract-
ed from the cells. The fragmented DNA was analyzed by elec-
trophoresis in 2% agarose gel and visualized with ethidium
bromide. (B) Nuclear morphological analysis. Cells were treated
with various concentrations of deferoxamine for 2 days and
stained with DAPI for nuclear staining. Stained cells were
examined by fluorescence microscopy. (C) Analysis of cell cycle
and deferoxamine-treated Saos-2 cell by using FACS. Cells
were incubated with various concentrations of deferoxamine for
2 days.

4. Deferoxamine A2l £ Saos-2 MZOIM MIEX}HA}
fE 1A

AZAEAZE FEEE 429 suEA vEZS o2 E

ALl EAE Co #H]E Aol Bel-29 Bax9] wHalg w33}

%tk Deferoxamines §EHE A]gF § 24A17H 48413 7
I Fo] MEAEALS oW B AAAA A2 AES AGA
7]+=(anti—apoptosis) Bcl-22] @&d-2 deferoxamine? =7+
Z7F 845 gz vls] @A AAE R wiH nEE
SEolRRE AlIEAE Co #HE FXAA AEZAEALE &
EA)71+ Bax9] W@ deferoxamine] H#s=7t S7METE
dizare] & A3 F7HE EAtHFig. 4). ©1= deferoxa-

mine®l &% Saos-2 A ENA AEADALE FEdE Tl de-
feroxamine®] F=ol| 9|E3dt Bel-29 7449 Baxel $7He
Hole A& AARgT)

4] Bel-2¢k Baxell ol8f nEZ=gjol2 i E ZH|7F 245
T AIEAE Ce gl BEajgioly AEAEA 2=
%'}_*]7]5} olgfgk 7] M %O%Uﬂ Saos-
2 M3eo| deferoxamines FE=EE A F 4847t cas-
pase 99| gdo] 75 UrE} ST} Caspase 92 314-2] caspase
35 3N 7)= 8ol o, o]t caspase 39 &0l

caspase 99] 4%

1 day 2 day
Deferoxamine ¢ 30 %0 70 C 30 50 70 (M)

. e e e D e l+— Pro-PARP

p - -‘- |<— Cleaved
. . I)A}u)

T 5 ¥
. Wy .

| gy I.- ACTIN

Fig. 3. Effect of capsaicin on the expression of apoptosis-
related proteins in Saos—2 osteosarcoma cancer cells. Cells were
treated with various concentrations of deferoxamine for 1 day or
2 days. PARP expression was analyzed by Western immunoblot
analysis with specific antibody. To confirm equal protein levels,
the same blot was stripped and developed with anti-actin
antibody.

1 day 2 day
Deferoxamine ¢ 30 50 70 C 30 50 70 (UM)

e - e auP G Gup @D @D | Bax

|——-——-—-—-——-— +— Bel2

e — N

Fig. 4. Effect of capsaicin on the expression of apoptosis-re-
lated proteins in Saos-2 osteosarcoma cancer cells. Cells were
treated with various concentrations of deferoxamine for 1 day or
2 days. Bax and Bcl-2 expression were analyzed by Western
immunoblot analysis with specific antibody. To confirm equal
protein levels the same blot was stripped and developed with
anti—actin antibody.
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1 day 2 day
Deferoxamine ¢ 30 50 70 C 30 50 70 (HM)

| A S — A S T —— |'- Pro-caspase8

= —-'—-_- —— -- d e u = b 5
lﬂ — - -_— q - i_l-— ro-caspase
] 2 o
- Cle: d
| - — - — .“ I" ave

caspase3d

|o— Pro-caspase-9

[ = === |- e
c se-9
L

| —————_——-—_-l-—ACTIN

Fig. 5. Effect of capsaicin on the expression of apoptosis-re-
lated proteins in Saos-2 osteosarcoma cancer cells. Cells were
treated with various concentrations of deferoxamine for 1 day
or 2 days. Caspase—3, caspase-9, and caspase-8 expression
were analyzed by Western immunoblot analysis with specific
antibody. To confirm equal protein levels the same blot was
stripped and developed with anti-actin antibody.

1 day 2 day

Deferoxamine ¢ 30 50 70 ¢ 30 50 70 (WM)

P . . . - R Ak

|----—--—|I—Aclin

Fig. 6. Effect of capsaicin on the expression of apoptosis—re-
lated proteins in Saos—2 osteosarcoma cancer cells. Cells were
treated with various concentrations of deferoxamine for 1 day or
2 days. Akt and p—Akt expression were analyzed by Western
immunoblot analysis with specific antibody. To confirm equal
protein levels, the same blot was stripped and developed with
anti—actin antibody.

deferoxamines A &g Saos-2 M EAA = JEHOZ F7}
st th(Fig. 5).

HEZEgolZRE Ato]EaF Co #uld YA Frve
A ZAEAL AR Ao EAstE 2] F27]5 092 Akt/
PKB Al AEo] BE7F EAETE Saos-2A413 00 deferoxa-
mine A3 § W3kE= Akt/PKB 2435 phspho-Akt/
PKB®| & o= g%t A3} deferoxamine 2| ¥ &/d3}e} 1)
A8 s TESIA 2 Akt/PKBY Alxd dd @S W) A
o] glglon} vk EA43) HEl= vk fEH R st
(Fig. 6).

&
Aol Hol spmshAl M= ofe] Frlel a5
0

7153 £4e U5 H=d

29
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T-9A|Ql deferoxamine, A7 FAZ A WA 7
rone¥ ol e AFoFAR] deferasirox o] ATk °1E
T A 40 S FréAdo]l T FYg 4 2
deferoxamine 8, 3 #2}2] acetic acid, F A+ succinic
acid, Al ¥#F¢] 1-amino 5-hydroxylamin-opentane©] 3 712
AMES o)™ ferric iron®] deferoxamine® A¥slH $19] o
A EAHEC] jon FHE HolWHA bR F+x2E WHETE Ferric
ionell gk A o]E= F3)57]F(molar basis) 22 1112 Yo
Ui 1 g9 deferoxamine:= 85 mg9 ferric iron¥ Z%8lo]
ferrioxamines @Aste] 2w oiwos wjdwcY
T8 A w5 AEF 1 unit Fole el 225 mg =T T
ol AT Aol = H wlAd 7)o EASHA k7] wiiEol 4
ste goglstao R qlste] wkEA g ¥ =
aol FTLEAEANA A FEse] wE )&l -8E

deferoxamine®] AHg-o] F7=al o)

g:O

NO

e AL AAT 2o AR AW vk, Ak A 54
5 oe 7b FRE A Bgol WEA Bad 2xw Y

Az 447 SAdE djdes dasty] Wit H 49
E o AE Fojstd He| AA ukeS AAElnRE o) FUFhol
EolA deferoxamine®] Fo17} SEFAMEAAE FHolt F2
& AT ez AZHY

A% A o4 dE FKHTAHES Saos-2¢l deferoxamine
S AstA S ul AREE sl oEste] Al Tl @A S|
AA DS et A L (Fig. 1) ol MxE o] vt Az
Abe] frol ofgk A AAE Lotry] fJ5ke] AUl 2] P
a7 W3tE PESIGIY AZINE SojFor PJMAIE
Hoechst &4& ARg3ste] AxZde] ®eks djZatd H|ulslko]
##g A} deferoxamine®] FEol| &3] A EZAEALE Al
AbBHE ME FEo R Q13 Av]e] Fhet 8 S50 TUHES
AATHFig. 2B). o128 deferoxamined] ] FxZo <
DNA st 7k 1w (Fig. 2A), AIEF7] 24
oEH o R Ay719 T7HE YO H(Fig. 20), AlE
Joll vrebbE Wl PARPY] 84S =AM 2
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#oTe FUb wet @AETE FUbEHo] ESRF AlEA
deferoxamine®l| ©J3l MEAEAF HFEEHATS & AT
(Fig. 3). o1#3 23+ <+ R1% deferoxamine®] 935} <
T AL QS At AXAEAE fEae
WAGAIEY TS ARl AEAEALE fFEste] dAagte
e oA ttE wa'Pe] Autel A9t
S22 Saos—-2 Al¥Eo| deferoxamines *2|dte] AlEAE

AZE frEEATHE AEapEALeE B E Exte] Hds HES
o AstHe ARE FHAUTE dvrAEQl AlEApdALe] AR
T HEZEEolR Y E APOJEAE C fEldd o dojue 4

2199} tumor necrosis factor (TNF)7A¢] 4% Jtl°ﬂ -JOH o
ofubs ArE TE o, TNFd 9§ ZJ2& TNF &
A& AFAA Frss AZAEAR 2ol TNF 748 14]54
A3t 758 Z'E tumor necrosis factor receptor associated
factors (TRAFs)7} %2]5o] 1 84 7]de] dejAm
TRAFs+ 39 protein kinase?] A< 743 3lom TNFY
A= o2 3] MEAEBAL BE ] 3R caspase-85 #4435}
A A AEZAEALE F2AZIth 28y 2 Ao A= caspase-
89 EAdsle] dist Wyt #F Hold gho} THT AEA
deferoxamine< TNF$} 22 Fas-L, TNFZFE fFE¥o]
SAE WEkE FRZeb= thEA DNAY &4o] faE A=
AZ YF-ZHE ] A ZAEALe 84 AR 2 oSt uahA
deferoxamine®ll ¢]gt A EABALE W EZE=Eole] B-d 9
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