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Comparison of Inmune Responses Induced by
Deferoxamine and Deferasirox

Yeong Suk Jung, M.D., E Young Bae, M.D., Nack Gyun Chung, M.D., Bin Cho, M.D., Hack Ki Kim, M.D.,

Chang Ki Min, M.D.!, Chi Wha Han, M.D.', Ho Shik Kim, M.D.2 and Dae Chul Jeong, M.D.

Departments of Pediatrics, 'Internal Medicine and *Biochemistry, College of Medicine, The Catholic University of Korea, Seoul, Korea

Background: The iron chelating agents (ICA) have various biological effects besides iron chelation. We
investigated the immunomodulatory effects of Deferasirox (DFS) compared to Deferoxamine (DFO).
Methods: Spleen cells (SP) were obtained from 5 week-old C57/BL6 (H—Zb). The cytotoxicity of ICAs
was examined using the CCK8 method. For the cell proliferation assay, SP were cultured with irradiated
in addition to 10, 50, 100 u M of DFS or DFO and 200ng/mL of cyclosporin A (CSA). Cytokines and
nitrite levels were evaluated from supernatants by ELISA.

Results: The viability of ICA was reported to be over 100%. Both DFS and DFO inhibited cell pro-
liferation in a manner comparable to CSA. Cell proliferation without iron was reduced at the concentration
of 100 # M of DFO. With iron treatment, the reduction of the stimulation index was dependent on DFO
concentrations. DFS decreased the proliferation without reference to the concentrations. After stimulation
of phytohemagglutinin, the nitrite concentrations increased with iron. With lipopolysaccharides, the nitrite
levels were higher in DFO with iron than control, but similar in DFS regardless of iron treatment. The
levels of interleukin-2 were not different. Interleukin-10 was more abundantly produced in 50 M of
DFO compared to DFS. Transforming growth factor- 5 was higher in DFS than DFO at the low concen-

tration, but opposite at the high concentration.

Conclusion: These data suggested that both iron chelating agents possessed immune suppressive effects
comparable to CSA. The immunosuppressive effect of DFS may be distinct from DFO. More experiments
are required to determine the exact mechanism of the immunosuppressive effect of DFS. (Korean J

Hematol 2008;43:150-158.)
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<& A A3t nylon meshE ©]-&3to] GHAANELE A
o] Q1akek==g-ol(phosphate buffered saline; Gibco BRL,
Island, NY, USA)d| 2xt&] A|H3F & B A Z
(spleen cell, SP)2] =9} AEE-E trypan blue@ A 0.2
gelstd .

Bl B AN EE 5%10 °M 2-Mercaptoethanol 7
10% $-Ejo}&d A (fetal bovine serum; JRH Bioscince,
Lennexa, KA, USA)©] g% RPMI1640 (Gibco BRL,
Island, NY)°o 2 vl oFsl4

2. EHHHSl MZE=Y

HAAAA o8 MEEAL cell counting kit-8
(CCKS8 kit, Dojindo Laboratory, Japan)E ©]-&3%F WY
o golatglth 5X107H¢] B AA ES 96 well flat
bottom plateo]] 2L 37°C, 5% CO, Wi %71l A 244 7F
wj ettt Al AX A Fe AFE HERToR
gt o WA A A < cyclosporine A (CSA) 200ng/
mL3¥} 20y M2 FeCls, 10, 50, 100 ¢ M2] DFO (Defero-
xamine, Norvatis, Basel, Switzerland), 10, 50, 100 ;z M2]
DFS (Deferasirox, Norvartis, Basel, Switzerland) S & 7}
ahal 48417 v okek Tk 10 Le] CCK8 Al 2kS A&
o] WAYSHA| Al Fa1 4A]7F v kT 450 nmIFF
o] /1 ELISA reader (Molecular Device Co, SunnyVille,
CA, USA)OA 7} well] EF =S Sttt T
S 100%2 3t RE A H A FH=E U2T
I vlmate] Az YEES Gl

3. MM 2ofst MESAHSS B

BALB/c B A o] 2,500cGye] WAMA S ZA}a}to]
ZF=F A E (stimulator) 2 AF£331, C57BL/6 B AA E
2 WS A Z(responder) 2 A8l 1, Al E=A4kS
£ bromo-deoxy-uridine (BrdU; Roche Diagnostics GmbH,
Mannheim, Germany) WS AFg£3lo] ELISAH O 2
=439t 5% 10 ° M 2-Mercaptoethanol @} 10% FBS
7} g2 RPMII640 i Fe ol WS4 Lo} A=A £
2 747 1 X100 Seo 2 93 5 4e/mLe phyto-
hemagglutinin (PHA)E &&3}¢th. &83le] 37°CE
5% CO, v F71ell A v sttt o F-o A= lipopoly-
saccharide (LPS) 10y g/mLS &£83}9] o™, A A AA
o] MAWrE-& gelaty] Jste] FAlE Aot ¥
£ 2T o R sta 919 WEH s A=
A2 E33le] 37°CE 5% CO, v 7)ol A ujj st
™, T AP 33 o] WhEsto] AP skt
A ZEe] el 100y LS AF ko] —80°Coll H.EHa}
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Fom =L wjgdS H713 thS BrdUS ¥ 12
~18A)7F W ket TS, ELISA WHow E352
%

Pogon, AEFAE dea 2e 34€ ol g3l
A A=) 4= (stimulation index) S ol th
A7 TFr—
) . Hzze =)
A EASA (%)= fz7e] 4% o
4. B2 A2|st HIZMZENM MM MZSA|

AAAA L &3E Asly] fate] e
2 20uM FeCly $EOIA 12~24A7F wj kg o] Fo]
AEZSAZAEE A9 2 WHo 2 APtk A=
At HSAEES 111 ¥ &2 EF FeClhs F
F3 oA wi ket thE PBSE 23| AlFsta
Ank 2 2] g 799 DFO, DFS, CSAS 99 s=d o
2} E§ete] 9Jof FL3 vl Ao 72417 vl st
BrdU W& o] &3to] Axe] FAEE gelssitt

B Al 3

5. EHHNO 2IEt nitriteQ] =

AEZAL Brolaly] 98] HlekE A=ao 2 nitite
£ ELISA W (total NO/nitrite/nitrate assay kit, R&D
system, Minneapolis, MN, USA)& o] &3&}o] =% 315
o} 7teFekAl 71 =std, A5 vhg-E A o2 Suj
EEREY r/}% oA A FAE AR 50uLE 96
well plated]] ¥ 3L 50 4 L2 Griess ¥H-3-A|2FS £33
O FogA £50] Al ARS8 # 4]0/ stx
KAREARCE 17t} o] %l 540nme] 2}
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6. ZHAH0 2t AIEFI S

Ql

o
J

MEZA o=z ual okg] }E]-%QE% o] Q_;]_o:] IL-2, IL-
10, TGF-B9] ¥=& IRt RE A EIILS
ELISA WP o &2 3}ol3tg] o RE ELISA kite R&D
system (Minneapolis, MN, USA) & E3}o] F¢idlo] A}
okt 2 A ETRIS] A IL-27} 3.0pg/mL,
IL-109] 4.0pg/mL, TGF- 87} 250pg/mLo] gl o.n], BE
A5 tiste] AFAAA ] Fate] HA 2 A BT
S gl

7. SHEHY

MEL] AEE AEXESHAATE one-way ANOVAE

Hlw 41319 31 DFO, DFS, CSA9] FXo] up& vl
BA & repeated measured ANOVAE EAstgony p
gkl 0.05 o]stdl 455 SAIA R Fooitta AT
Ed=g

| 1t
L EHAAS S0l ME ME YES

oln] A& A gl AAAA< DFOE 10, 50, 100 w M
oA Al EL] §%% | 107.2+5.6%, 110.4+6.9%, 115.5+
4.6%9.3L, M 28 HA A< DFSE 10, 50, 100 ¢ Mel]
A AZS YELo] 111.0+7.7%, 115.0+6.3%, 126.9
$6.7%2A Zpol7t i th(Fig. 1A). 3 dstd =
A2l gk tharell Zb fAlol] thgh Al EAYE-&-2 DFOo|| A

200 *
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Fig. 1. Cell viability according to concentrations of iron chelating agents (ICA) by CCK 8 method. (A) There is no difference
in cell viability among various concentrations of ICA without ferric chloride (n=5). (B) The viability is significantly diminished at
20 M ferric chloride, but there are no difference in viability among ICA in spite of presence of iron (n=5) (*: P<0.05).
Abbreviations: DFS, deferasirox; DFO, deferoxamine; FeCls, ferric chloride.
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95.0+5.8%, 124.9+10.2%, 120.1£7.5%%1 2.1, DFSe| 4|

2. ENIHROf 28t MESA 2N
102.4£8.7%, 1355£16.5%, 139.9+53%24 T k42| SRR ozt MESA 24X

sEo] mE AEZYELEAME Aol7t ek P> A3td A et BAQle] RE AEZA it 2
0.05), Askdvt A2jgt 7352 HEAPEE 92.8£8.5%E. ol /] Al AAQ DFSeF DFO BTl A oln] LdefA
t} 2o feJshAl EeH(P<0.05) (Fig. 1B). UE CSART o8t A EF2 o] JA|H ATHP<
A B
CSA 10puM 50uM 100pM . CSA 10pM 50uM 100uM
O__! 1 1 1 1 . 1 1 1
~ ~201 < 7207 T
§ -40 - § -40
S S
g -60 g -60
; s, LT T 7T
[/)] i (4] _ |
801 oes T 80 -
E DFO 1 DFS

LT T 7 e
T

Fig. 2. Stimulation index (SI) of C57/BL6 spleen cells (SP) and irradiated BALB/c SP under 5 1 g/mL of phytohemagglutinin with
1 : 1 ratio according to the concentration of iron chelating agents (ICA) (n=7) without (A) and with (B) ferric chloride. There
are significant differences between cyclosporin A (CSA) and ICA with or without ferric chloride (T: P <0.05). (A) The high level
(100 M) of deferoxamine (DFO) exerts profound inhibition of cell proliferation than deferasirox (DFS) (*: P<0.05), although il
is not different at 10 and 50 M of DFO. Deferasirox (DFS) showed no difference in SI among any concentrations. (B) The
decrement of Sl is dependent on concentration in DFO (T: P <0.01), but is not in DFS. There is a significant difference in Sl
between DFO and DFS at 10 «M (*: P<0.01).
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Fig. 3. The levels of nitrite in supernatants from cell proliferation assay with or without ferric chloride according to the concentration
of iron chelating agents by non-specific mitogen (A; phytohemagglutinin (PHA), B; lipopolysaccharide (LPS)). All nitrite levels
after stimulation are not different according to PHA or LPS. (A) There is lower nitrite in 10 M of Deferoxamine (DFO) and
Deferasirox (DFS) among ICA without iron, and higher at 10 #M of DFS than other ICA with iron (T: P <0.01). (B) The levels
of nitrite are not different among ICA without iron, but higher only in DFO with iron (T: P<0.01). *: P<0.05 in each ICA
concentration according to presence with iron. Abbreviations: DFS, deferasirox; DFO, deferoxamine.
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0.01). DFO¥ 10, 50 u M| A 30.5+8.8%, 36.6+7.3%
o] AEZA A7t Ad e} 100y Mol A 73.8+21.5%
2 fostA AT AEZF2o] A HAATHP<
0.01), DESE 10, 50, 100 u Mol A 43.8+4.6%, 35.8
+11.0%, 37.9£7.9%2] HAEZAAAE Ho] Fo
w2 zto] 7} YATHPL>0.05). 2L FEo| A F ok
7ve] AEZZ2dA] Aol= 100 w Mo A RE DFOZF
DESe|| Hlal] felgh Al ZF2 A5 EATHP<0.01)
(Fig. 2A).

AskE S A s ool Alde Al ZF2 - DFO7F
10, 50, 100 u M| Al 2.2+4.6%, 26.9+13.9%, 37.1+
17.8%2) AlEF2 JA S Ho] DFO Fxo wat A%
S0l JAE S & F AAJTHP<0.01) (Fig. 2B) L
228k DESE 10, 50, 100 x Mol A 41.3£8.7%, 37.1
+8.2%, 34.8+8.5%2] AELZAJAE B Fro] u}
A z52 9 Aol gl th(Fig. 2B). 2L XA
oFA| 7+e] Abol= 10y Mol A9+ DFS7} DFOX.TH
Al AlE2F2 o] A H A TH(P<0.01) (Fig. 2B).

Lo ru

3. ERIAHFOf 2Ft nitrite SE2| XI0O|

PHAZ A=8 v AA ZME A& HEsiA g
7% 104 M DFO$} DFSoA] nitrite7} SEFTHP<
0.01). 2 x8g A% 10y M DFSTFo] Y& nitrite
g Bk 7H ICAC A AA el whE nitritedt-2 10
M DFOCIA H& A2jatA] eiskd Z-¢Hot fofst
Al nitrite®] F=7F F7FE 0] 91 2WH(P<0.05), 50 M
M e 2ol 7} gl ®& DFESO| A 50, 100 ¢ Meil A
AL AgetA god A$-E B3 go] whesld
7357 28 nitrite?] F=7F F7kE o] AATHP
<0.05) (Fig. 3A).

3, LPSE A9 v gA £l e BE A shA
Lo AL ICA 5 WE nitrite SEE EAF R

&k zto] 7} SIATHP>0.05). Z ICA A & A 2o

tHP<001). ICA 2579 %o w2 & A2 g7}
A DFSE th 233 B 528k nitrited] =& o] 7}
29 th DFOE A3} w8319 S 7% nitrited] =7}
Z7}E A TH(P<0.05) (Fig. 3B).

4. EHMAHMO| 2ot A|EFIR1Q] HE}

AZSH oz g2 d5ddA IL-2, IL-10, TGF- 8
CF3HE S AgskA] ¥ AH
IL-29] v U2 2ole gloley oln|
ot 2 9lE kel o] CSA A EddAE AAH
2 2E A tHP<0.01). AA A DFOY DFS] &%
of & IL-29] ztol= gllom FYd FEe| DFO
9} DFS Ale]ol M= 2Fe] 7} gl IL-10S 2 A
oA thxT# 2to] 7} gl et 50 Me] DFOe] A 2+
< 5% DFSET IL-109] $=7F =%Th(P<0.05).
T3}, TGF- B+ 104 M2] DFSe|M 22 F=9 DFO
Bt} =9ko} 100 ¢ Mo DFSE $93 =% 9] DFO
B} @rth(P<0.05) (Table 1).

detd S Al F A& A5 e IL29 5%
%233 CSAZ %33 ICA FEo] wE xol7}
A& %k oH(P=0.056), 50 x M| DFOC A 7}
ST 12|y} DFO®} DFS Ate] 9] Fd g F=o
BAACZ fogt Aol 7k fld ) IL-102 ICA
|
=

1o,
ol =

=

Y

of 2 o Ho rIr

o w2 zlo]7l @A EFH om 100 Me] DFSe A
g E=}H(P<0.01). L3 FE2 DFO%} DFSe A
= 50 Mol A AFo] 7}k glo] Koz vt BAA fro]/d-&
19l 100 u M DESe| A DFOX.t} =9ktH( P<0.05).
TGF- & AA Ad oA 10 M| DFSAA 71 3=
B H(P<0.01) BY F=2 DFOS} DFSOA & 2]
7} 1% tH(Table 2).

2 Mo

N
O:

ki
M3k

w
o
o
wHE nitrite 3t 50 p Me] DFOC MW frolahAl =5k B AA AW B Feot MASET Ao o

Table 1. The level of cytokines in supernatants from cell proliferation assay according to the concentration of iron chelating agents
without ferric chloride (n=4~6)

10 «M 50 M 100 «M
(pg/mL)  Control CSA
DFO DFS DFO DFS DFO DFS
IL-2 49.7+7.2 17.9+1047  41.4%163 46.9+7.3 36.9+143 40.8%12.0 55.7+£9.9 25.1+£16.5
IL-10 18.2+7.0 15.5+2.8 25.1+5.0 12.8+7.8 14.4+0.1* 7.4+4.7 12.8+5.2 10.3£5.3

TGF-4 1,575.8+473.4 1,424.8+466.7 1,248.8+82.2 1,567.0+472.3* 1,222.2+82.1 1,133.4+151.9 1,362.9+402.3* 1,279.9+39.7

Abbreviations: CSA, cyclosporin A; DFO, deferrioxamine; DFS, deferasirox. *: P<0.05 between DFO and DFS, T p<0.01 among
experimental group.
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Table 2. The level of cytokines in supernatants from cell proliferation assay according to the concentration of iron chelating

agents with ferric chloride (n=4~6)

10 «M 50 «M 100 «M
(pg/mL) Control CSA
DFO DFO DFS DFO DFS
IL-2 42.4+10.6 29.8+16.8 30.5+17.3 417124 62.6+23.8 33.41+£15.3 49.3£32.3 47.9+233
IL-10 21.1£8.0 19.2+£59 7.6+£3.4 13.2+12.1 41.0x11.5 8.06+3.4 73+x1.7 30.5*x11.3

TGF-8 1,066.6=53.6 1,376.8+317.2 1,355.0+276.0 1,672.7+372.11 1,374.7+252.7 1,498.9+352.1 1,202.0+2.7 1,225.9+66.8

Abbreviations: CSA, cyclosporin A; DFO, deferrioxamine; DFS, deferasirox. *: P<0.05 between DFO and DFS, T p<0.05 among

experimental group.
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2 & 5 Yk o}A DESH g A ZZFA A 7]

] ato] delA A FA T A2 7
ribonucleotide reductase?] 7|5 = ZAAATIE 7]
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AAAA A o nitrite®] = 2ol = H& A st
S 79 DFOS} DES7} PHA #4202 v ma Z7}
Homn LPSE A53t9 S 74 FollA DFOvte] H &
Al gk of Fol whe} nitrite”} S7FE Avk HE A2t
A ¥%S 7% vlwa DFOS DFS &% PHAY LPS
Aol diste] ol gk o] & Holz] eskth 2 A
b= ﬂﬂa}?\i% 7§—r nitrite®] %7} Z7HEE A
= HAAR L A=atE Afol= DFS7H
DFO%} &2 nitrite E.J z}o] 7} 9%l 1 DFO+= 4 <
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