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In the present study, the pro-apoptotic effects of methanol extract of FPrunus mume fruits (MEPM) in
human leukemia U937 cells were investigated. It was found that exposure to MEPM resulted in
growth inhibition in a concentration-dependent manner by inducing apoptosis. The induction of apop-
totic cell death in U937 cells by MEPM was correlated with a down-regulation of inhibitor of apopto-
sis protein (IAP) family, such as X-linked inhibitor of apoptosis protein (XIAP) and survivin, an-
ti-apoptotic Bcl-2, up-regulation of FasL and cleavage of Bid. MEPM treatment also induced the pro-
teolytic activation of caspase-3, caspase-8 and caspase-9, and degradation of caspase-3 substrate pro-
teins, such as poly (ADP-ribose) polymerase (PARP) and [-catenin. In addition, apoptotic cell death
induced by MEPM was significantly inhibited by z-DEVD-fmk, a caspase-3 specific inhibitor, which
demonstrates the important role of caspase-3 in the apoptotic process by MEPM in U937 cells. Taken
together, these findings suggest that 7. mume extracts may be a potential chemotherapeutic agent for
the control of human leukemia cells and further studies will be needed to identify the active compounds.
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Programmed cell death#}xl B+ Aeetsd HHo|n &
FE AZEY AAE Y3 T8 92 apoptosise 7N A
o] HAGA Y DNA &7, vhe]g 2 9 Fo 93 F14
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apoptosis extrinsic (death receptor-mediated) % intrinsic
(mitochondrial-mediated) pathwayZ T2 =™, o] §t 74
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paseQl caspase-82] #AsE FisiH, o|¥A ZA3E
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Aol A Tl F4& §)8te] AHE-E tumor necrosis
factor-related apoptosis-inducing ligand (TRAIL), death re-
ceptor (DR) 4, DR5, Fas, FasL, actin, Bcl-2, Bcl-X1, Bax, Bad,
Bid, survivin, XIAP, cIAP-1, cIAP-2, caspase-3, caspase-8,
caspase-9, PARP % pB-catenin A= Santa Cruz
Biotechnology Inc. (Santa Cruz, CA, USA)ol A +3tH2
™, immunoblottingS 913l 22} A Z AME-H horseradish
peroxidase (HRP)-conjugated anti-mouse ¥ anti-rabbit 3|
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+ Amersham Life Science Corp. (Arlington Heights, IL,
USA)oll A 43t A Tt L3 caspased] in vitro 84 3 &
98k colorimetric assay kitv= R&D Systems (Minneapolis,
MN, USA)ell A U433 27, caspase-39] &4 AA|8}7]
9]3ke] ALE-F caspase-3 specific inhibitor$] z-DEVD-fmk+=
CalBiochem (San Diego, CA, USA)l|lAl )3ttt
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Eo wigs A 10%] Felol8H (fetal bovine serum,
FBS, Gibco BRL, Grand Island, NY, USA) % 1%9] penicillin
9 streptomycin (Biofluids, Rockville, MD, USA)°] X3+¥
RPMI-1640 ] 2] (Gibco BRL)E AM&-3}4f 37°C, 5% CO, &7
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&st7] 9fate] A wehs uf 4847tttk A A A



H4g5e) MES FAFA

4

HemocytometerE 0|83 Mx MZZ9| =X

MEPM A 2lo o5t A9 BEES SH37] st A2
1l %8 6 well platecl] 214 & T-¢H4] 91 U937 Al ZZ 1x10° 7
/mle A5 2 well G 2ml¥ £33 S MEPMS A Y52
Aelste] 37°C, 5% CO, 231 aof 4] v Fatsict. 48417 &
2,000 rpmel| A 587+ AA R st vz E A AL phos-
phate-buffered saline (PBS)E 7} well B 1ml& X 7}5te] Al X
& F A7 o5 0.5% trypan blue solution (Gibco BRL) S & %
o 2 H7tste] 28 7+ A3t Hth A2 H samples hemocy-
tometero]] 283 F =8 @r] 75 o] &to] dolsle A E
At gl o, o]o M2 A 2E Microsoft EXCEL program<
AHg-3ke] EAstAt

MTT assayOll 2|8t M= MZEAX| ZA}

MEPM Aol oJgt Ao A AEE gAs7] 9
ato] MTT assay S ©] 4314 E} A 937 Al Z o] MEPM<&
HBE LR AT st 4817 Eet v oFgt & wi A& A At
tetrazolium bromide salt (MTT, Sigma Chemical Co., St.
Louis, MO, USA)E 05 mg/ml T&& 35]43}e] 200 ul¥
Bt 37°Col A 3417 FF thA] wj Fakiet. wikel £
W o MTIT Al9E A A3 dimethylsulfoxide (DMSO,
Slgma)e 1 ml4 53k welldl] A48 ¥ formazing EF
=9 % 96 well plated] 200 pl® &7 ELISA reader
(Molecular Devices, Sunnyvale, CA, USA)Z 540 nmol| A &
FEE SAAH. S EF A HE sgem, 19 o
S F @ £F 235 Microsoft EXCEL program-< AH-8-
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17 95t AE wj%E 100 mm dishol AEE 1x10° 7Y
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o 02%<] Triton X-100 (Amresco, Solon, OH, USA)< 7}
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sttt "}%J o] AIAH Mol 850 ul¢] lysis buffer [5 mM

75), 5 mM EDTA, 0.5% Triton X-100]& A7vak
o A2 /‘1 307t lysis A1Z1 The- 14,000 rpm, 4°Cel| A 208
b A4 st AA7I7F AR FE Y 750 ulE 348k
o} 348 FZH proteinase K solution (Sigma)< 0.5
mg/mle] FEZ A ste] 50°Coll A 3A17E T WHeAIZ
750 ul®] phenol : chloroform : isoamyl alcohol &% &
(25:24:1, Sigma)S H7bsta 3083 3wyt A7 o
14,000 rpmol| A 1027+ 94 223tk o714 2ozl 4
H 600 plell 300 pl9] isopropanol (Sigma)Z 100 ple] 5 M
NaClE #7}sbe] 4°Col A 24417 Bt w4171 %, 14,000
rpm, 4Tl A 3027 A4l EEAA 45 A& A A8kl DNA
pellet& FZ38}%th DNA pelletd] RNase A7} 2 3# £
A= TE buffers ©]&3st] =59 ¥, 6x gel loading dye
(Bioneer, Daejeon, Korea)E 41 At vpA o2 1.6%
agarose gel& ¥FE0]4] 1A FF 50 VE 7|95 A7l &
ethidium bromide (EtBr, Sigma)Z @435t] DNA @3} |
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A AEE 35-mm meshE o] &3dt] GIAER T2 &
FACSCalibur (Becton Dickinson)S 4 -8-A|# & 3¥H-g-o] w}
£ Cellular DNA content ¥ histogram< CellQuest software
9 ModiFit LT (Becton Dickinson) Z2 13 & o83} 4
3.

Western blot analysisOil 2|3t THHA & o] 24

THIE AlE AFF lysis buffer [25 mM Tris-Cl (pH
7.5), 250 mM NaCl, 5 mM EDTA, 1% NP-40, 1 mM pheny-
methylsulfonyl fluoride (PMSF), mM dithiothreitol
(DTT)|E H7I8ke] 4°Coll A 1213t 5
rpm O 2 3083 A4 Eelste] 43 & =
stk 4Ede dd FEE Bio-Rad T E A
A ¢F(Bio-Rad, Hercules, CA, USA)Z} 1 Ao whe} A
& ¢ oy 5% Laemmli sample buffer (Bio-Rad)E 41
A samples ST FF] samples sodium dodecyl
sulphate (SDS)-polyacrylamide gel< ©]-&3to] A7]%9 52
2 ®gs F, nitrocellulose membrane (Schleicher and
Schuell, Keene, NH, USA)2. & electroblotting®]l ]38} 7]
AA. E2 8 g do] HolH nitrocellulose membranes
5% skim milkE A glste] H|So]Z dAdSd] g
blockings A8kl 12k A& Ag]ste] A-2oA 247t
o]} & 4°Coll A over night A1 Th% PBS-TE A & (155
19, 583t sWlysta AE 13k FAO ge 24 A
(PBS-TZ 1:15002.2 8] 43} A}ﬁ)g— AHE-8te] Aol A 1
A A= BEEAZ T BEEo] £ 3 Aol A Enhanced
Chemiluminoesence (ECL) slution (Amersham Life Science
Corp.)s H&AZ B Xeray filmol XA 544
o HEYS 4R

In vitro caspase-3, -8 ! 99| activity =M

Apoptosis fr#Ho] SlojA Fa8 28-S dte o2 ¢
71 caspase?] &4 J=7F MEPM A o] 93t ojwgt #3}
g freteA Yotr 7] 9fste] 4 @ MEPMo| A 2]
Ao A 48 A7 v E AMEZE B2 H 7ot Ys e
2 wiAS FE8t 3 FFtoinh 150 g @l do] e
50 pl9] sampleo] 712 100 uMe] ¥ reaction buffer [40
mM HEPES (pH 7.4), 20% glycerol (v/v), 1 mM EDTA, 0.2%
NP-40 and 10 mM DL-DTT] 50 ulE £§3}e] 7 sample &
% volume©] 100 pl7} EA 3t th 7]e] caspase &5l
W 714 5 uE F7ste] 37°C, G olA 3417 Bk BES-A)
% ELISA readerE ©]-83}4 405 nm9] &3 EE ©]83519
<9 A= SASAH A7 AH-E 7122 caspase-39]
$-o= Asp-Glu-Val-Asp (DEVD)-p-nitroaniline (pNA)©]
11 caspase-89] -9l lle-Glu-Thr-Asp (IETD)-pNA°| %
o1, caspase-9< Leu-Glu-His-Asp (LEHD)-pNAS$it.
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Uo7 Mol 4&2 I 4ol OIXl= MEPMS| Jg
MEPMS] Aol w2 U937 Mg AEE E S v
93ke o} B 7|95t MEPMS ;H;G oE /A7 S
et 8] ¢ ¥ hemocytometer counting ¥ MTT assays 24|
SATh. Fig. 1A 3 Bell Uehd nke} o] U937 Al E] MEPM
= A B A T AEHOE AT UL F
]O] O—WEJ‘:PE = ¢ F AMeH, o yEE H
Al A3} SbE AlEe Fe wsts 2k Fg.
2A9] UrE} o] MEPM A& &7} S71845 AA|
A Az x7t HAst A apoptosis T Al 5ol
##2 5= membrane blebbing #4-2 e A Fe| A ¥
ol FAE U o]t Ao A MEPM Al ©& A&
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Fig. 1. Growth inhibition of human leukemia U937 cells after
treatment with MEPM. Cells were seeded into 6-well
plate at 1x10° cells/ml and treated with the indicated
concentrations of MEPM for 48 hr. Cell number (A) and
viability (B) were determined by hemocytometer counts
of trypan blue excluding cells and MTT assay,
respectively. Results are expressed as percentage of the
vehicle treated control+SD of three separate experiments.
Significance was determined using a Student’s t-test (¥,
<0.05 vs. untreated control).
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Fig. 2. Induction of apoptosis by MEPM treatment in human
leukemia U937 cells. Cells were seeded into 6-well plate
at 1x10° cells/ml and treated with the indicated concen-
trations of MEPM for 48 hr. (A) Cell morphology was
visualized by light microscopy. Magnification, x200. (B)
Stained nuclei with DAPI solution were photographed
with a fluorescent microscope using a blue filter.
Magnification, x400. (C) To analyze the DNA fragmenta-
tion, the genomic DNA was extracted, electrophoresed
in a 1.6% agarose gel and then visualized by EtBr
staining. (D) To quantify the degree of apoptosis induced
by MEPM, the cells were evaluated for sub-G1 DNA con-
tent, which represents the fractions undergoing apoptotic
DNA degradation, using a flow cytometer. Results are
expressed as percentage of the vehicle treated con-
trol+SD of three separate experiments. Significance was
determined using a Student’s t-test (*, p<0.05 vs. un-
treated control).

& A g S YA Aol apoptosis R Aol YUSS
F2E 4 AUtk

Apoptosis T O|X|= WECMS| &t

MEPM AHzldl| 93] filtse AESE Ta, 294 2 §
Bl 3}7} apoptosis F¥ A3 Aol A=AE Qs
93] g4 9 MEPMo| A 2|8 s R|ol| A 48412t 5ot vl
B U937 A o] ez}, DNA ©H3}t a4 2 sub-Gl7]
NE] WIEE ZAFSIGT WA Fig. 2B YERA Hhe} 2o
SolAo g Afste FFEAS] DAPI G445 AA
B4 S o] 85te] #ES A3, MEPMe] A=A
wj Aol A 2hg U937 M| EME o) Jejrt gl
9402 @alo] €901} MEPMo] Ha]® Al Z o A9
© MEPMY A2 Fx9 F7}0] st HEo

2 "two
p =231
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apoptosis7} ol Al X AP oz AFHE G442 &
S0 ¢J3t apoptotic body7} #& 5 ATk B apoptosis 2
o E g& AHA] A9 = DNA &8s o fs
agarose gel A7]9F 22 ZAFSH A3}, Fig, 2Co| Uehd nho}
o] MEPM& A 2|84 9%9k& 7ol = DNA ©i3td] <
St DNA laddering @748 328 4 ¢l T MEPM * &
&%= S7t wel DNA ladderingo] A S7HEE< €
4 %lem, o= MEPM A 2lo] 234 endonuclease”}
A3}% o] chromosomal DNA7} ©# 315 ¢8-S 9n|sl=
ojt}y, 502 MEPM A& ©Z apoptosis F& =&
AEFHeR v F487] fste] 7)ok sLF 2R
) k¥ U937 /‘1]:-7_% NFO 2 flow cytometryE o] &3}
apoptosis’} FFEE NS AL E 5= sub-Gl7]dl 3 g3}
c AEE %7@?—?} A= Fig. 2Dl VFebd nho} 2} 2o
AT 3l A wA A A GAl M 2
apoptosis FEHIEE o 26%E S Yk oy MEPM A g

7t 7SS sub-G1719 MZ 9 WT7} F718ke] 300
ug/ml Aol A e F 251%0 s Fsh= AE7} sub-G17]
2 3EE AT o]}

A 2297 9
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A= MEPM A 2o o8 =g 7+
el 3= apoptosis F23} WH S Aol
%
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AEe & F AT

Apoptosis =& THHZIO| €] O|X|= MEPMO| Fgt

UHHA 0 2 apoptosisi= DR4, DR5, Fas, TRAIL % FasLE
E 3= death receptor % ligandell 93te] FHEE = ex-
trinsic pathway9} Bcl-2, Bcl-Xi, Bax, Bad 2 Bidg X &3}=
Bcl-2 family membere]l 2|3} 25+ intrinsic pathway &
Bfrstel 243 He 2w g ot webi MEPMO]
o] FE = apoptosisell ©]& A} oW FIFS
nHEAE FelstArt ‘Hxi extrinsic pathway<] €43}
Zo3l= death receptor ¥ ligandE9] Hd A& &%
7}, Fig. 30 Yephd kel Zo] TRAIL, DR4, DR5 ¥ Fas#
dole & W7t YAl &AE FasLe] 4-¢olle
MEPM A &gk &g Bo] F7ts e Aoz Yetyt
o T2 2 MEPM A 2]l me} intrinsic pathway 2] 243}
o #odst= Bel-2 family memberg<] &do] ojw st Ja&
A E2E 3% Fig. 3¢ UEhd vke} 2] anti-apop-
totic %1491 Bl-29] Fdo] MEPM H2lek oE o=
Hashe AoZ YEgoH, pro-apoptotic f+HALZA
death receptor% 53t caspase-89] &A4st= st ©H3}
o] HEE Ao2 U Bid B A 4$ vz
Fe < tBide] wHo 57}0}* A2 YEPdth B3 apop-
TS sl AoZ 47 cas-
59 & "é% Ao 24 apoptosis
o+2} 7 AP family®] 28 ¢ MEPM
o] AHF FF= A= AE 2“’ g 23, dAP-1 % cIAP-2
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Fig. 3. Expression levels of apoptosis-related proteins by MEPM treatment in human leukemia U937 cells. The cells were treated
with the indicated concentrations of MEPM for 48 hr. The cells were lysed and then equal amounts of cell lysates (30 ng)
were separated on SDS-polyacrylamide gels and transferred to nitrocellulose membranes. The membranes were probed with
the indicated antibodies and the proteins were visualized using an ECL detection system. Actin was used as an internal
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U937 cells. The cells were treated with the indicated concentrations of MEPM for 48 hr. (A) The cells were lysed and then
equal amounts of cell lysates (30 ng) were separated on SDS-polyacrylamide gels and transferred to nitrocellulose membranes.
The membranes were probed with the indicated antibodies. Proteins were visualized using an ECL detection system. Actin
was used as an internal control. (B) Caspases (-3, -8, and -9) activities were determined using caspase assay kits obtained
from R&D according to the protocol of the manufacturer. Results are expressed as percentage of the vehicle treated control+SD
of three separate experiments. Significance was determined using a Student’s t-test (*, p<0.05 vs. untreated control).
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x400. (B) The growth inhibition was measured by the metabolic-bye-based MTT assay. Results are expressed as percentage
of the vehicle treated control+SD of three separate experiments. Significance was determined using a Student’s t-test (¥, p
<0.05 vs. untreated control). (C) DNA fragmentation was analyzed by extracting the fragmented DNA and separating it
by electrophoresis in a 1.6% agarose gel containing EtBr.
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X2 : olx| HHHMEOIA A FS20] 23 apoptosis FE
yox' o & mewl g
(BoIhga e AR L FAGATL, T vhol LEAA NI % Lol 247 )
A, SEolvlsta 4B 3 2 oot AR

d2FY =, A2 2 Tl N A B AFAFEE AREH L Wl B A58
AO0Z G A oy QA A EZoA frdete FEFE F 2o wE EAYETE 73 daA=
B A 9lA] etk B Aol M e A ek U937 MlEA mjA e vete &5 MEPM)o| fitshe
o % FATIAE 2ARE A3, MEPM A2 5 &4 0w A2 A4l H apoptosisS 5t
2 YEsth MEPMe &8 A {35 = apoptosisdll = XIAP 9 survivin 53 22
Tl &0 FasLe W& 571, Bl-29] @ 74 3 Bide] ©3dt d4o] #ofste Aoz Yesten, F 7k apop-
tosis % 7§A] 2 2 F apoptosis BANA 23 HEE = caspase-87 -9 H -39 EA4gte} 1o wE thef
g 71dg Ao iy A gl dHst FHEHAES & F AT BT AN H QA caspase-39] A Ao R
MEPMO| 9J&te] 85 apoptosis7t @A A Al ¥ = A2 Uit} o]e] Ao A MEPME 4HAIZ
] chemotherapeutic agentZ A9 7bs4 S SRlstHA W &5 &2 AFE Foto] SAHEHDY 8 2 &
d 7139 vl 5ol A&KHOR ofFojxop & Aow HAHT.
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