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The Effect of Rice Bran Extract on the Apoptosis Induction of
HL-60 Leukemia Cells
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Abstract — In this study, we investigated the anticancer effect of rice bran extract in HL-60 human promyelocytic leukemia
cells. The extract of rice bran inhibited the proliferation of HL-60 cells. When treated with the rice bran extract, we could
observe the apoptotic characteristics such as apoptotic bodies and the increase of sub-G1 hypodiploid cell population, increase
of Bax level, decrease of Bcl-2 expression, cleavage of procaspase-3, cleavage of procaspase-9 and cleavage of poly(ADP-
ribose)polymerase(PARP) in HL-60 cells. Furthermore, the apoptosis induction of HL-60 cells treated with the rice bran extract
was also accompanied by the inactivation of mitogen-activated protein kinases (MAPK) such as ERK1/2 MAPK and p38
MAPK. In addition, the rice bran extract induced the down-regulation of c-myc. These data suggested that the rice bran extract
could induce the apoptosis via the inactivation of ERK1/2 MAPK and p38 MAPK, and the down-regulation of c-myc in HL-
60 acute pomyelocytic leukemia cells. The results support that the rice bran extract might have potential for the treatment of

acute promyelocytic leukemia.
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S, EFE & ZZAENA receptor activator of NF-
kB ligandRANKL)®] &&l-& SA|star, n)7te] EXvES
extracellular signal-regulated kinase(ERK)2} NF-xB &-d3}
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Frese dZAEe #3115 JAlet] Ives /I &%
o] 9hgo] B HTEY mdfE A2 Gy SAlelA
AYE A FYEES e ve B g’
22 99l m]7 F%E°] HL-60, marmoset B lymphoblastoid
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M= B2} — HL-60(human promyelocytic leukemia) A3
= =t MlE 5 23 (Korea Cell Line Bank; KCLB)S. 2
FE Y ol 100 units/mLe]  penicillin-streptomycin
(GIBCO Inc, NY, USA)3 10% heat-inactivated fetal
bovine serum(FBS; GIBCO Inc, NY, USA)°] Z7}H
RPMI 1640 ¥j A & AFE-3te] 37°C, 5% CO,, humidified
incubatorol] Al ¥l %3F o, At Bl S oF 70-80%2]
confluence”} == 3-4¢ with ShHA Ag)5i3ict,

MZ =M &5 - Axo] 52l tigh nd 552
a39& 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide(MTT) ZHH-E o] 8ato] AR dolSle o
A3 mitochondria®] B<F4 A Z80l o3te] 4284 9
=2 MTT7} $hlEo] A EE A28 = v
9] formazang microplate(ELISA) readerZ 540 nmell A &
BEE s, AEsHHA AR YA MEe 5
T2 2RI HL-60 AEG3x10° cells/mL)E 96 well
plated] ¥ w7} 25 9 Zzbe] EES 001, 0.1, 1,
10, 50, 2 100 ug/mLe] FEZ A3ttt o] & 72A17F
w38t T3 MTT(Sigma, MO, USA) 200 pL(2 mg/mL)2
A7Vl 4XZF B9t WS- A7 $ plateE 1000 rppmollA] 5
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7 AL AgSS AlAsISITE. Dimethylsulfoxide
(DMSO; Sigma, MO, USA) 150 uL=Z 7}le] JAES &
&JA1Z1 T microplate reader(Amersham Pharmacia Biotech,
NY, USAYE AH&310d 540 nmollM S48 =439t 2
Aol g Wt FBE S Feren, xRl &
Bx g vlwste] F2] oA AEE AV

MZF7|H5t &8 —HL-60 A E(3x10° cells/mL)°l| 10,
50 2 100 pg/mLe] FE2 v7e] FEES X2d v,
24X 7F Bt wdet & MIEZE 478519 phosphate-buffered
saline(PBS)= A& 3FAth 2 £ -20°CellA] 70% &&=
30i B9k 324 AI7]13L PBS A1E & RNase A(1 mg/mL)E
2]k Tt propidium iodide(PI; Sigma, MO, USA)Z
HA3B}a, FACS caliber flow cytometry(Becton Dickinson,
USAE A EF715 st

so| HENSIM 5} ZHE — HL-60 Al Z(3x10° cells/mL)
o 10, 50 2 100 uyg/mLe] FE=Z 7o) FEES A2
T, 24417 53t v gk -, DNAY| Sol8 o g Agst
= 833429] Hoechst 33342(H33342; Sigma, MO, USA)
|5 7ete] 37°CoA] 207 FAe & &) (IX-
71, Olympus, japan)aolx] #2aigict”

Western Blot Analysis — HL-60 Al X (3x10° cells/mL)°l]
10, 50 2 100 ug/mLe] FE2 v FE2ES A3 v,
24X 7F FE vl S & M EE FEste] PBSE 23] Al
SHATh 2 200 ul9] lysis buffers 3 7Fste] 30 &<
lysisA|Z1 3 15,000 rpm, 4°CollA] 1527 44 Ealsle] 4
NS A}, Tl d F%= F2A2 Protein Assay Kit(BIO-
RAD, HC, USA)E A &3} 3L, standard curve™ BSA
(bovine serum albuminyS FFEAZ AMgalTtY 2 &
20 pg®l lysateE 10~12% mini gel SDS-PAGE(Sodium
dodecyl sulfate-polyacrylamide gel electrophoresis)Z 3
=2 g =, polyvinylidene difluoride(PVDF) membrane
(BIO-RAD, HC, USA)E Ab&-3ted 200mA, 241752t
transfer 3T 2 ¥, 5% skim milk’} &2 TTBS(TBS
containing 0.1% Tween 20)°l 4] membranes 14]7H&<F
blocking aF3Ath. Bel-2¢] WA ZFS &18t7] 213l rabbit
monoclonal anti-human Bcl-2 Ab(1:1000) (Cell Signaling
Technology, Beverly, MA, USA)ZA|E, Bax2] a2 &
213}7]1 €3] rabbit polyclonal anti-human Bax Ab(1:1000)
(Santa Cruz Biotech, MA, USA) &S, PARP] W33
221351 7] 913l rabbit polyclonal anti-human PARP Ab
(1:1000) (Cell Signaling Technology, Beverly, MA, USA)
G E ARESIATE B3, cleaved caspase-32] WS 3+
©13}7] $]3Fe] rabbit monoclonal anti-human cleaved
Caspase-3 Ab(1:1000) (Cell Signaling Technology, Beverly,
MA, USA)&A| S, cleaved Caspase-92] L& 28 &¢13}7]
#3le] rabbit polyclonal anti-human cleaved Caspase-9
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Ab(1:1000) (Cell Signaling Technology, Beverly, MA,
USA) &4 &, p38 MAPKS] &3 ZFS gRlstr] 913t
rabbit polyclonal anti-human p38 MAPK Ab (1:1000)
(Cell Signaling Technology, Beverly, MA, USA) &A| &,
phospho-p38 MAPK S| W& 3-8 2-213}7] $]8}] rabbit
polyclonal anti-human phospho-p38 MAPK Ab (1:1000)
(Cell Signaling Technology, Beverly, MA, USA) &A &,
ERK1/2 2] &&8-g 2Isl7] $15k4] rabbit polyclonal anti-
human p44/42 MAPK Ab (1:1000) (Cell Signaling
Technology, Beverly, MA, USA) &A1&, phospho-ERK1/2
o] Bd & 3Q15t7] 9131 rabbit polyclonal anti-human
phospho-p44/42 MAPK Ab (1:1000) (Cell Signaling
Technology, Beverly, MA, USA) &A1 2, c-Myc2] 23S
3k21sl7] $13F] mouse monoclonal c-Myc Ab (1:1000)
(Santa Cruz Biotech, CA, USA) &A1& AM&sISt}. ZH2te]
FA S-S TTBSO 3]4)8}ed, 4°CollA] overnight dFe] WH-
Al ZAt}. 221 3 2+ HPR(Horse Radish Peroxidase) anti-
rabbit IgG (1:5000) (American Prarmacia Biotech, NY,
USA)¢} HRP antimouse IgG (1:5000) (American
Prarmacia Biotech, NY, USA)YE AME-31¢d, -2l 1A]7F
St wkgAIZTE 22 & WEST-ZOL® (iNtRON., Gyeonggi-
do, Korea)?} W3- A]7 X-ray ZES(AGFA, Belgium)o 7+
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Fig. 1. Rice bran extract (RBE) inhibited the growth of HL-60
cells. HL-60 cells (3x10°cells/mL) were treated with RBE
(0.01~100 pg/mL) for 72h. Cell viability was measured by
MTT assay. The data are presented as mean+SD from repre-
sentative of three independent experiments. *p<0.05, **p<0.01,
and ***p<0.001 compared with the control.

FEE] X FA A aHE AR, oY
A 2Hg-¢] apoptosis =0l 2]gk FANA] A
el sigict.

B Mall &5 - "I FE=2] HL-60 Al X &
n7t 225 001, 0.1, 1, 10, 50 2 100 pg/mLe] FE=
HL-60 Al 320l 22|13t A3}, 47.624+4.183 ng/mLe] 1C %k

Bttt < UeRfo] MxEF2lel st A as IRISATHFig. 1).
EAXME| - RE ZAANE PFFFOAE YERHZC. Apoptosis 7= 22
o, Z¥zbe] dlolele] AR o] A% student's t test MEZF7|Hst &Y - v} F==¢ oJg HL-60 X Z
S AREste] AE Alole] FAA Fod-S HrksH. 21 oA &3} apoptosis =0l &g ARJNAE FotE 7]
st A 2F7E ZARESETE HL-60 Aol n)7)t 55
Zn} ol D& < 10, 502 100 pg/mL F5==Z 2447 2] 5, DNA helix
of Agsl= FFEZ0l PIE X2 3tk 2 3 fAlE &
2 AFolM = 48 A3d Wdy AEQ] HL-60°14 27]15 0|3l apoptotic HESL! sub-G1 hypodiploid A=
RBE (pg/mL)
Control 10 50 100
SubGl1 (%) Gl (%) S (%) G2/M (%)

Control 1.82 64.36 12.60 19.44

RBE 10 pg/mL 6.58 66.31 11.52 14.33

RBE 50 pg/mL 7.50 62.91 13.35 14.4

RBE 100 pg/mL 10.06 60.51 12.74 14.75

Fig. 2. The rice bran extract (RBE) increased the percentage of sub-G1 peak hypodiploid cells. HL-60 cells (3x10° cells/mL) were
treated with RBE (10, 50 and 100 pg/mL). After 24h, cells were harvested and fixed by 70% ethanol, and stained by propidium
iodide. Sub-G1 cell populations were measured by DNA flow cytometric analysis.
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RBE (pg/mL)

Control

Fig. 3. The rice bran extract (RBE) induced the morphological change in HL-60 cells. HL-60 cells (3x10° cells/mL) were treated
with RBE (10, 50 and 100 pug/mL), After 24 h, HL-60 cells were stained with DNA-specific fluorescent dye, H33342 (10 pug/mL
medium at final). The apoptotic bodies of HL-60 cells were photographed under microscopy (magnification x200).

9] Z7ke BAEAek 2 A, w7 $55E 10, 50
100 ug/mL == 24X17F X2I51%92 wl, sub-G1 hypodiploid
AZ7F 7t FE2ES AsA] &2 et 1.8%°] Hlst
o] F& ETHOR 6.6, 7.5 % 10.1%% SV 2 &
QISR THFig. 2).

sfo| HENEFY 5| — Apoptosise] HE|SH EAL Bl
3171 913 DNA°] 5o]2 2= A% sl= Hoechst 33342 dye
& o]&3te] o] WstE 2133l Hoechst 33342%
DNAE AL w4, v FE=S A &

< izl vt m7 5= Aol ¢t FEoE

oz o] 3= 2 apoptotic body2] F7FsH= FE)eHs
Hs=S e F AATHEFig. 3).

2 AYe] AHE v|Fo] Hol w7} FEEL FEoEH
S 2 HL-60 M|2E2] apoptosiss F=dh= A 0=Z AlEHT).

Bcl-23! Bax & kalo| #ig} — n7} FE=0f ©I3k HL-
60 MZS] apoptosistri= 717 B8]7] $181e] Bel-2 family
% anti-apoptosis proteing! Bcl-29} pro-apoptosis proteing!
Baxe] WS ARSI} Bel-2 family= apoptosiss A
sh= A FXoke JEoR = ZF A, HEHOZ
Bcl-2E apoptosisE A5 Baxs apopt031s~ 318}
£ 28-S kY HL-60 AlZ) u]ﬂ FEES 10, 50 2
100 pg/mL F=2 24X7F 212 & Bel-29} Bax-‘l] W oFt
< RIS 2 A3, Bel29] W] vt FEE
ojFH o7 sk Ag RIS e, Baxd] WS &
ZolER o R Frtete 7/4\3_ ZelsltHFig. 4). DNA &
¥o]AZ3}la 4 I(DNA topoisomerase 1)9] #3|A| = =&
3he A9l 78 EH| Al (Camtpthecin)yS MWW A Eoj| A
Bcl-29] TS A7), Baxe] S SV EN
W& M Z2] apoptosisE FEFro] W=t n7t =
SE2 TEOEH 22 HL-60M220114] pro-apoptosis protein
ol Bax®] 57F} acti-apoptosis protein] Bcl-29] 7AA]A
apoptosisE =39S A2 AlgEu

Caspase-3 ¥ Caspase-92| 45| — Caspase cascade
£ TS apoptosis signal®] 3522 HAZZEA, 53]
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Fig. 4. The effect of rice bran extract (RBE) on the expression
of Bel-2 and Bax in HL-60. HL-60 cells (3x10° cells/mL)
were treated with RBE (10, 50 and 100 pg/mL) for 24 h. The
levels of Bcl-2 and Bax were analyzed by western blotting
using specific antibodies.

RBE (pg/mL)
c 10 50 100

e - = 3
PARP/cleaved-PARP | -l 116/89 kDa

B-actin | A —— —-l 42 kDa

Cleaved caspase-9 | e -' 35kDa

Cleaved caspase-3 .- g ' 17 kDa

B-actin |—— — — -‘ 42 kDa

Fig. 5. The effect of rice bran extract (RBE) on the expression
of cleaved-caspase-9, cleaved-caspase-3 and PARP in HL-60.
HL-60 cells (3X105 cells/mL) were treated with RBE (10, 50
and 100 pg/mL) for 24h. The levels of cleaved-caspase-9,
cleaved-caspase-3 and PARP were analyzed by western blot-
ting using specific antibodies.

caspase-3 apoptosis®] A3YALZ L4 Ut} caspase- 901]
o)) &3} F caspase-3+= PARP 5 T}s o @&
Akl 4= 9t} Caspaseol] 23 PARPS] At apopt051s
/] EH*quo] 54 % shyolth.” HL-60 AlZ |7 &
E2 10, 50 2 100 pg/mL F=F 2447+ *|2] & caspase-
3, caspase—9 2 PARPO] HAYSS gelatsict. = A3t
caspase-32} caspase-92] levelo] M7 F55 FLoEF O
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Fig. 6. The effect of rice bran extract (RBE) on the expres-
sions of MAPKs and c-myc in HL-60. HL-60 cells (3x10°
cells/mL) were treated with RBE (10, 50 and 100 pg/mL) for
24 h. The levels of p38 MAPK, ERK1/2 MAPK and c-myc
were analyzed by western blotting using specific antibodies.
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= 4 242 Al A, S, B3t 2 AlZAPE 5
OgFst 42 24d #ojgith. MAPK®S +8 I1F
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vincristine<>  hepatocellular cancer cell?] Hep3Boll 4]
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