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Abstract : Silibinin is a polyphenolic flavonoid antioxidant isolated from the milk thistle and is
used clinically to treat certain liver diseases. Recently it has been reported that silibinin has
anticancer properties. However, the cellular and molecular mechanisms underlying silibinin
induced growth inhibition in cancer cells are not clearly understood. In this study, we have
investigated whether silibinin exerts anti—proliferative and apoptotic effects on HL—60 and K562
human leukemia cells. It was found that silibinin inhibits cell proliferation in a dose—dependent
manner inducing apoptotic cell death. These findings suggest that silibinin could be a candidate for

anti—leukemic drug.
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1. MIZHH Y & Al

HL-609 K562 A|E£FE American Type
Culture Collection (ATCC) 3] AF(Manassas, VA,
USA) oA 313tal, WelGENE 3| A} (Daegu,
Korea) ol 1938 10% fetal bovine serum
(FBS)¥} 1% antibiotics (penicillin—
streptomycin) & #H 7} 3 Rosewell Park
Memorial Institue medium 1640 (RPMI 1640)
WA & AFE38lo] 5% CO. 37T AXE 7] olA
kst A AFel] Abg3dch. Silibinine
Sigma—Aldrich 3]A}(St. Louis, MO, USA) o4
Tttt A HEF AEE 4N dds
AHsto] 3t 2 W oE H2 5 Foto]
ekttt AH s Aoy HEFE Fe}7)
3l 10 mLY Ficol-Paque PLUS(GE
Healthcare 3]A}, Little Chalfont, UK) & ¥ &
20C, 45%7F 1850 rpmo. 2 AA sl Az e
A A5k 2] ¥ lymphocyte 55 #3k3th &2
% lymphocyte 5 PBSE 39 A4 & 3 RPMI
1640 WAl MES A FHFAZ 5 5% CO.,
37°C A wjeE7Iol A wjekatAA AF el Abgst
A

we £

i

2. Western blot £
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M EE phosphate buffered saline (PBS, pH
7.4) 2 AAgt & 35k Al 288 ehs A a) ok
A as JAA U At Ealat dAA &
&9 (20 mM Tris—Cl (pH 8.0), 137 mM NaCl,
10% glycerol, 1% Triton X—-100, 1 mM
Na3V04, 1 mM NaF, 2 mM EDTA, 200 nM
aprotinin, 20 M leupeptin, 50 mM
phenanthroline, 280 mM benzamidine—HCI) <
Ui 3ol 3023t & the 9 EE skl A
M-S FsH ). Bidrad 3AF(Mississauga, ON,
USA) 9] ©hul g kit (BioRad protein assay kit)
g ol &oto] T T dMA 22 SAT F
100 mg9 @ AL sodium dodesyl sulfate—
polyacrylamide gel electrophoresis(SDS—
PAGE)® #7149 &3 ¥ nitrocellulose
paper (Millipore 3JA}, Bedford, MA, USA)E #
7101%-& A Akt Nitrocellulose papers 5%
o] skim milk7} ¥ TBS-TE 9 (20 mM
Tris(pH 7.5), 137 mM NaCl, 0.05% Triton X—
100) el 1A17F o4 o] blocking®F Th LAk
A woolzg A e WS Al enhanced
chemiluminescence kit (Pierce A}, Appleton,
WI, USA) S o] gste] 54 dude dd s A
stk d2tdAl = pro—caspase 3, X—linked
Inhibitor of Apoptosis Protein (XIAP), HIAP-
1, Bax, Bcl—2, f—tubulin tj3t Eo] I A=
Santa cruz $|]AF(Santa Cruz, CA, USA) ZHH
T9lste] 1:20000. & 3] A 8fof Ab&-a}qlT
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WS A =0 A Silibinin®] M EAEAF 5 7}

E2 3|4 39tk 2000 rpm o2 A5t HEES
e E AZHe AA% T v $HH PBSE A A
a9tk 300 mLe] PBSOl Al #f F 700 mL2]

A7 oees AA F 47T, 302 AEE 14
gt th. PI(propidium Iodlde) a9 5k

2000 rpmO. 2 AA3to] N EZ 3|8tal PBSE
29 A Hsty FSHE xﬂﬂﬂ PI& (2.5

mg/mL propidium iodide, 5 mg/mL RNase A,
0.1% NP40 ¥ 0.1% trisodium citrate) &2 Al
E% 2l %%"]7 U5 3ol AA 4°C Oﬂ 20"‘?‘ s

]%0}01 DNA'%L%‘EOH wWE histogram< %ng}y_
E Ao FSC (forward scattering) @ SSC(
scattering) & 57 89t
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1. Silibininof| 2|3 WS M=ZZ= 4% M 20t
Silibininell ¥t Al gl adE dotr
71 Y& BEy A x2S HL-60, K5629 44
Y A EE wiFsta 2H2F 25-100 M 559
silibining 48A17F At & AE AEF ATE
ot AE A Al =5 2 (Fig. 1)
HL-60, K562 M ¥ EF silibinin A& Al &
gEAOE AX F & ai7t deEo,
silibinin 100 tM FE= 48A)7F A2 A] HL-60

ME= F 8029 AE A AAS Bolon,
K562014 = ¢F 60%°] AxE 43 A8 42T

F 9ot olo] wral A Ml EoJA = silibinin
100 fME 72X 7744 Aol AlE F A
A= YERA] 9okt) o] 3R Ko} silibinin
- A% x| v ‘]L =7do] glo] HdHy Alx
T HL-60 % K562 A ol

B oA mohe el o & s

2. Silibinin®f| 2|3t M| ZAHE A}

e &1

Silibinin®ll 93l %% HL-60 % K562 A&

47

A AR AEAEAL e o] Q=
ZAbet7] §15ke] flow cytometry & ©] &3 Al 2
7] #AE AgsAth(Fig. 2). HL-60 9 K562
ME silibining T E 4847 A gl ste] A E
715 B4 A3} silibinin A 2ol we subGl
717} S7kstol AEAEAL FEE S Bt o
28t subG17]19 S7h= A8t silibinin®] &%7}F
wobdel wet FrhskSlTh Fd "I A A
= silibining 100 pM FEZ 72X 7744 A )8}
AL AE 5719 Fofgt HatE HolA &Skt o]
Y3 A3 52 Ho} silibininel 9% HL-60 %
K562 A X9 AEAE & Zhs AEAEA F5
o o3 AUE & 5 AT

M EZAEARE caspase?] 273 gtel os) Yot
= 0% 4 A 9o silibininel 98 Al EAEA}
FEE gasly] Yste] caspase—39 w6k
H-& Western blot AT, WA HL-60,
K562 ¥ 474 FZF Alxe] 100 /zM FLe
silibining A 2] 3}a 24A17F & A & 5}o
Western blot® & pro—caspase 39 ‘i‘r‘ﬂ?é‘ El
FS A T (Fig 3A). HL-60, K562 F Al
¥ o)A pro—caspase 3 &¥ 2] @ o] silibinin
of o 7w o] dAstE caspase—3E 3
= Holov A d2 AxoAe asEA &
o} caspase—39 @437} dojupA] gkEs &9l
g = lglt}. Silibinin 58 &35 ZASH] 9
sko] 25-100 ¢M &% 9 silibining A2l st1
Western bloto & ZAFS A 3} (Fig. 3B)
caspase—3% &4 3}7} silibinin §% 9EH O
]—r‘ﬂﬂo ROtk AZEAEALS] WA e FQ %
98hs S caspasel EAS theks Alxd o
WA s 2dHE AR dHA 9o
caspase? &4 &S v Aoy ¢
Bcl—=2, Bax, XIAP, HIAP &4 o] 13 o]
silibininell &8l W3}7t ©=AE Western blot 2.
2 ZAFerAth(Fig. 3B). 4847 HL-60, K562
Aol silibining FEHEE A2 A Bax, Bel-2,
HIAP19] dhuizl whg Wshe dojubA] eFgieh 1
A, XIAP @942 HL-60 AlZA & Wit
B A Fokort K562 MEA silibinin &%
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Fig. 1. Silibinin induces growth inhibition in human leukemia HL-60 and K562 cells, but does not in normal
lymphocytes. HL-60 and K562 cells were treated with the indicated concentrations of silibinin for 48hr (A).
Normal lymphocytes were treated with the indicated concentration of silibinin for 24, 48, and 72 hours (B).
At the end of each treatment time, cells were collected and processed for determination of viable cell
number as mentioned in Materials and Methods. The data shown are mean * standard error of mean of

three independent experiments.
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Fig. 2. Effects of Silibinin on cell cycle progression. Exponentially growing HL-60 and K562 cells were treated
with silibinin for 48 hrs at the indicated concentrations (A). Normal lymphocytes were treated with silibinin
with the indicated concentration of silibinin for 24, 48, and 72 hrs (B). The cell cycle distribution was
determined by flow cytometric analysis of the DNA content after staining with propidium iodide as

described in Materials and Methods.

AZAEALE frdets o] oF A BA Y T
2487140l t}H[13]. o] AFe|A HL-60 ¥ K562
Ao th3t silibinin A 2]+ flow cytometer ¥
Ao A subGl7] AEE F7HA ] , gt

25 By O]L silibinin®] W& o] A] 3¢kA|
T gt A 2 A AMEE S Q)
Ners AlAFStTE

M EAEAL A casapsed] B3 ¢ T8
o 8S &=t caspased A3 Al7|E= AT
© AA g AS F9 A%, mitochondria® %
3t AT 2 o] FojHTH14], o] 3 AT ENM T
L3 &S o= G A S ZE = Bel family @&
7 IAP family 94 o] 31e[15-20]. o] 4

oAl silibinine HL-60 % K562 4|34 Bel-
2, Bax, HIAP—1 59 w2 o] W of = ¢ gko]
AN K562 MEANH = XIAP @A o] uh
k& silibinin ¥% YEA 0 FE HAAZTH XIAP
g AL JAP familyol] &3t @22 AP
family ©2 Zo|x A EAEALE AA 5= 75
o] 7b¢ A% Ao® ¢HA Jlon(21], I @
A % % BIR1, BIR2, BIR3 domains &3}¢
caspased, caspase—7, caspase—99 4 Agt
g0 A caspased 7le& AASt AEAEAL
= At dEA glek[22]. ¢ AFeA =
acute myeloid leukemia ZAFeA] XIAP w2
o] wedo] v Ao o $7F Erh= Badh vl glo
™ [23], XIAP antisense oligonucleotideE T3
= cytarabine, doxorubicine 59| <A<} ¥
Lo 8 AbEstlE W WMEY AEF S 9
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Fig. 3. Expression levels of apoptosis-related
proteins by silibinin treatment in HL-60 and
K562 cells. (A) HL-60 and K562 cells were
treated with silibinin (100xM) for 24 hrs.
Cells were lysed and prepared for Western
blot analysis. g-actin is shown as a loading
control. (B) HL-60 and K562 cells were
treated with the indicated concentrations of
silibinin. The cells were lysed and prepared
for Western blot analysis. Tubulin is shown
asaloading control.

Alst A Bzt 9lar[24,25], Tk A1 YA
T-o| A XIAP antisense oligonucleotide?!
AEG351569 AF€ ¢ Z non—-Hodgkin's
lymphoma $AFol| A Z%d N ] |ymphoblast 7
A7b o] FolftkE Bk QltH[26]. olgfeh A
A3E2 XIAPS] wgo] WA Fa3 9T
= o™, XIAP W& S AT OEAN A5adE
AE T Ass AAFET olgfd oA & o,
silibinin®l ]38t XIAP2] ¥& A A+ silibinin®]

FAge] FoF ATL T 5 YS Aoz 4248

t}, o] A& A silibininol] 2l& HL—-60 Al £
M XIAP @A o] Bt oA g7 s oF
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Gt o= ZF AIEE S EA o] kA silibining
St HE F ee Yul@th & XIAP 3
A 9le] HL-60 AEoA AEAEAL FE
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Silibinin< milk thistle (Silybum marianum
L. Gaertn) 8] QU2 HE doj7l ZeH wo|ER
A, ZFAE A 2 Be gI3E 7RG 4EA
lth. Silibinine H2 o8 F7 GAEAA F
ol;d—%o] Eﬂﬂo']ou% o]‘:. /q]ix]_uﬂ,g]_ OI:
AE F7] AA e 59 S35 #dol ole AL
2 484 Q. 2du wdy AEFA
silibininel] o] AEAEAF f2 9 AE % o
Al 71 s dEA A et ofel o] A
ol 4 HL-60, K562 MEW A EF oA
silibininell &g A EAEAL 29} T 7| S ZAF
otk Wdy A EFQ HL-60, K562 AlEs
silibinin Aglel ga] A& AxE F7F Fasgle
L, A Bxg ol YoM = silibininel] gk
AE F 4 a37h $2EA] okokrt. SilibininA
ol 93 HL-60, K562 AlEF9 AE AL &
THa caspase—3 EA4st W M EAEA &
Ho] AT K562 MEFol|A silibininA] ] o]
93] XIAP ©¥ia walo] Zhaste]l K5624 Eo

/\1‘— XIAPJ ?_Zj _{:7]— /H]ix].rd/\], 9/]_ B
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