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The Mechanism of Apoptosis by the Oleic Acid in HeLa Cells : Caspase-independent Pathway by
Induction of IkBf3

Kasumi Mizotani, Ikuo Inoue (Fourth Department of Internal Medicine, Saitama Medical School, Moroyama,
Iruma-gun, Saitama 350-0495, Japan)

Epidemiological studies of breast and pancreatic cancer in several Mediterranean countries, including Southern
Europe, North Africa, and the Middle East have demonstrated that increased dietary intake of oleic acid may
reduce a risk of cancer onset. It is well-known that eicosapentaenoic acid (EPA), which is one of the PUFAs,
was demonstrated to inhibit proliferation of human leukemic HL-60 cells iz vitro. We studied the mechanism of
apoptosis in HeLa cells by oleic acids as compared with those by EPA, which was previously reported to induces
apoptosis. In this study, we found that the fragmentation of DNA was detected in agarose electrophoresis and
apoptotic features, such as cell shrinkage, concentration, and fragmentation of nucleus after addition by 100y M
of oleic acids and EPA. After 24 hours of medication by EPA and oleic acid, the apoptosis-related proteins (Bax,
Bcl-2, Fas, cytochrome C, Apaf-1, caspase 3) were analyzed by the Western blot analysis. The Bcl-2 expression was
inhibited and the ratio of Bax/Bcl-2 expression increased at 50y M and 100 M oleic acid. The apoptosis-related
proteins (Fas, cytochrome C, Apaf-1, caspase 3) were increased by 50uM and 100 M EPA. In contrast, there was
not the significant change in expression of apoptosis-related proteins (Fas, cytochrome C, Apaf-1, caspase 3) at 50
pMand 100 x Moleic acid. Moreover, EPA significantly increased the activity of caspase 3, while oleic acid did not
affect the caspase 3 activity. Our results indicate that the apoptosis of HeLa cells by oleic acids might be through
caspase-independent mechanism. We also analyzed the change of NF-«B, IkBa and 1kBf, to which have been,
recently, paid much attention with relation to apoptosis. We found that NF- kBwas dose-dependently inhibited by
oleic acid and 1k Bf3 was dose-dependently increased, although there was no change in IkBa. Our results suggest
that the apoptosis by oleic acids might be associated with 1xBf, indicating that the mechanism of apoptosis by oleic
acid might be different from those by EPA.
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AT & D w- 3RD2ZAMAFTH BT A AP
2T U3 D T R s — AFERER A L, FEH
faD B2 MHIT 2 HNSNTVE > . £z, —fff
REFENETH A LA ViEEZEEIRL T3
Fa—naws, b7 7V A, i EothirigEihEoO
E4 TRIEDITRMEDL Vb TV . 5,
FV) ¥ TR D40% WA Y — 7% A )L 5 H#EE
TNTVBEVDNTWVEY, FV ¥y DMEORNE
OREREZ, 7AVhODOZENEHKT S L, F
DUTEZBLLI BN EREINTNB . TB5ig, X
RAVTDr—AaAY ba—)VART 4 Tl&, +VJ—
THAANEREZ L TWELETIERINED ) A
I LTVB B MEENTVEY ., £/, F
VoY DR — 22y ha—)VAXTF 2 B&
UARS VTCONMWED T —2ay va—)VAZT ¢
TE, AIEDOD R4 —TF A )VOEAEEIC K T
BT 2 EDMEERINTNBEYY | Ffe, 42T
TN EEDr — Ay Fa—)VAZRT 4 DHE
&R, FUELINC E AV — 7 1O EHE D E e
DIV AT BZE LML FEES LORELH B .

AV —=TZAINNDRIT0 BWINF LA VB THB-D,
INSFY—TFAIVDIERIEA LA U IEIC K B1EH
EEZBN, LA VBOEED, mobodEEICEHX
NTETCWVBY . LHLEDD, F LA VEBHIEEK
TEIIE DR IS 2 &0 S IEHOFEI, BifE
DETAERREIEL, A LA VBIC XS0
7R =YADOWEL E BRI TR,

ZTHEELEZ, b hFEETEMETH S
HeLaffifd ®© 7 K b — > Z{Z B 72, SO
TR =V AEFETLHEMNMHIN TS A O
YR RT VDT R b — ZREERE & g% L,
RIE7 R =2 AL ORE#ETHHE TN TV % NF-«B,
IkBa, IkBp DA LA VBICKAE LT 2 AR VT
oy M THT L 7z
I~
1 HEBEtKE MHARISE

b b7 SH M AR T dH % Hela 229

(KH AR Kk, HA) ZHU7. Hela 229

MR E37°C, 5% CO&MFTTHIZEY vy — LI
Fetal Bovine Serum (Invitrogen Corp, Carlsbad, USA)

710%, X=X s L7 k<A ¥ (Invitrogen

Corp, Carlsbad, USA) 1 %% 75 L 7z D-MEM (High

H I AR

Glucose) with D-Glucose 4500 mg/dl L-Glu - NaHCO3
(HWHAEYE A2, 58, HA) ZHWT, ¥
] ¥ 1 X 10" M B2 /cm® T1OH MIEER #E L=
B UlzHelaflifldic, =4 3V XX VEE, 4L
A VRS L 50 0 M, 100 p M AIIL, 24WFRT 1%
semi-confluent DIKAETFHIUL L 7.
2 TR ADIRH
7R =Y R, DETHRADHEME L 2 EP I L
7z H > T, DNA ladder 3 X U Hoechst 332581C & %
HeLa 229 il DL D, IR TRIM L 72,

DNA ladderi3, Apoptosis Ladder Detection Kit (Wako,
Osaka, Japan) %= U T{7-> 7z. Hoechst 332581 X %
7R b= ZAHIEOMH N RIS OB HICIE, #0%
BAMEE T (X 400) T—MHE 4720 D75 < & & 500D
M5 77K b — 2 AHINEEHZ 10[E1170, H#
ELTRHL.

3 xARZ>70av bk

HelLa 2294 i@ (%10 % SDS, PBS7% W\ CTIAf#E L,
VZr—a VEfTo 121£14,000 g, 4°C T 10770
Bl BE 2N UEANEZTT > 7. 15# Uz Hela
D 24 W% D7 K b — ¥ ABE#EH O (Bax,
Bcl-2, Fas, F b 70— LC, Apaf-1, 71 Z/)3%—¥3) 27 =
AB 7y MEICTHAT U7z, Helaffifld &k DEHEE L
FEAESY T IV20 pg /20 plic/x% K 5 ICPBST
AL, 22X )VAh T TR —)VFE R TIC, 55
BEVLHE U7z, vkEh, 5%, 5 AFLINVIZE
£50.05 % Tween 20/PBSIC & D IERF RV IGZ 7 1
7 UTzt%, —X$iik & U TBcl-2 (mouse monoclonal
antibody: BD Biosciences PharMingen, SanDiego,
USA), Bax (rabbit polyclonal antibody: Santa Cruz,
California, USA), F k7 ©2— /. C (mouse monoclonal
antibody: R&B System Inc, Minneapolis, USA), Apaf-1
(goat polyclonal antibody: Santa Cruz, California,
USA), 751 A73—+¥ 3 (rabbit polyclonal antibody: BD
Biosciences PharMingen, SanDiego, USA), Fas (mouse
monoclonal antibody: BD Biosciences PharMingen,
SanDiego, USA), NF k -B (rabbit polyclonal antibody:
Santa Cruz, California, USA), 1k Ba (rabbit polyclonal
antibody: Santa Cruz, California, USA), 1k Bf (rabbit
polyclonal antibody: Oncogene Research Products,
Boston,USA) 7, 22X Hi 1A IC IZHRPEE G 1~ w7 X
IgVF RV Z7uaF— vk, v Y Flgv FRY
271+ —)UHifk ( The Binding Site, Birmingham,
UK), #1iVv FIgG (H+L) (ICN Pharmaceuticals Inc,
Cosla Mesa, USA) &, ZNEFN)IoESET. HBEBF
rBa—LCOI AV RYUTHhSHIELIEER
A3 % 7z &, 160,000 g, 20743 [ 32 0 77 B % O
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FWEZzER L LR chsomfiick, v
FFIR—BICKOMHEINZIVI /) —IVHRDIL
35 ¢ ECL™ (Amersham Pharmacia, Little Chalfont
Buckinghamshire, England) Zf|Jf U7z, BOEH 7 «
JWINE LTE, ECLROFEIEHEIC— U IR EZ
& D Hyperfilm ECL (Amersham Pharmacia, Little
Chalfont Buckinghamshire, England) ZHW\/z. 7«
JVIs E TR U7z N> K% GAPDH (Biogenesis Ltd,
Poole, England) T#iiiE L, Macintosh, NIH image %
HWTESR, thZzir-oTk.
4 HRIN—E3FERE

H AN —E3TEIEE, DIRGF 4 DV FEHE L 725k
BXUuax— v )bF v b (Promega Corporation,
Madison, USA) I L7z > T, Bk H1EICT,

LT, BAMNEMU Tz EHIcEdd. M
7 [A] X % 400 g, 577 R0 L, 1 mM EDTA,
5mM MgCl,, 1 mM EGTA, 5 mM ¥FF+ A LA b—)L,
1 mM phenyl methionyl sulfonyl fluoride Z&ds
25 mM Heps-NaOH (pH 7.5) 7 F\\C 2[mpE¥ L7z,
20V == a Y RITo T, YT IV 4ATC,
160,000 g T2057 il #B e O o B LU, LiE O EHEE
% Bradfordit T #ll & U 7z. 50 p g & H %Z50 p M
N-acetyl Asp-Glu-Val-Asp-a-4-methyl-coumaryl-7-amide
(ac-DEVD-MCA) 7 i\ T 25 mM Heps-NaOH (pH7.5),
10 % sucrose, 5 mM MgCl,, 10 mM dithiothreitol/» 5 i¥
% protease assay buffer H11C37°C, 3071 > F o
N—F U7, 1 MEFEEZ NN U TRER RS E B 7215,
iz U 7= MCAs Z il 460 nm & #%) E 380 nm
AR va7)tm A= —THlIE L.
5 #rEt

2T O/MBIIIAT U725 [ DSZERO A A HE (R
e LTERL, /25 AMN) w7 E O Mann-Whitney
DURGETITV, AEAIIp<0.05& L7z,

m R

1 DNAESUKENC & BT {E DNADIRH
7 HO— ZBRKINC T, 100pM A TH XX
TUMH B NE100pM A LAV BE DI 24 Ke 41
WrFr L DNADSR HE X 7z, & 7z positive control & L
TPMAZE/RLT (Fig. 1.
2 Hoechst33258 £fIc & 57 R b— AHFIDIRH
HOLBAMEE N (X 400) I2BWT, 100pM I+ Y
RYRLUSD 2 ME100uM A LA > B O TR0 24 K
IS, BB, S L 727 K b — 2 AHl
fatt & h (Fig. 22A), 7K b — ZHIE DO E,
IA YRV RLUVESDZNIEE LA Y EOTRINEIC
7L ¢, ARICHEmU 7z (Fig. 2-B).

PMA EPA OA

100uM 100 uM
Fig. 1. The fragmentation of DNA was detected in agarose
electrophoresis 24 hours after additing 100pM oleic acid (OA)
and eicosapentaenoic acid (EPA). PMA was used as positive
control.

(A) control

100 uM EPA

100 uM OA

®)
20
%
Apoptotic
cells 10

0

control

50 uM 100 pM 50 uM

EPA oA
Fig. 2. Under a fluorescent microscope, nuclear contraction
and the typical apoptotic cell (A)which carried out the
dark stain were detected after 24 hours additing 100pM
oleic acid (OA) and EPA by Hoechst 33258 stain (original
magnification, X 400), and the rate of apoptotic cells were
increased to dose-dependently by either of them (B).

3 UxRZv70Ov MEFR

T ARZYT 0y MET, TA YRV 2T UM
HBEZNEA LA VBREGZAUGEO 7 R — X
BEHEOORRZNT LIz A, TAaYXRU &R
I VBT, Bax/Bcl2DtRIZa Y F—)b &g L
TAERBRDSENZ L) - zH (Fig. 3), Fas (CD95),
F h 7 a—LC,Apaf-l, } Z/8—E3DFEN50uM,
100pM THFEIC LR U (Fig. ). —7, AL 1YV
F2IC 3T Bel2 OFEBMIHIE N, Bax/Bel2 Db
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M50uM, 100pMIC BN THEIC A L7 (Fig. 3).
L LEDS, BRICWERIEVD, LA VBB
& > TFas (CD9%), k7 ua—LC, Apaf-1, 771 A/5\—
Y3ldary ro—)L e g LU T 2380 R o 7z,
4 HRAN—E 3FEAE

TA YR ZIUBICBNT, 1 AS—E37E
BRI EICE RIS FR L, %7z caspase inhibitor IC
KO A ZS—E3IEEME T L7z (Fig. 5-AB). —J7,
FLA VBB NI, Y ra—)Le il Tk
I ol. THUCXKD, TAaAYRY R U
KD A ZS—E3WNEELT 5 T EAVRE NI,
5 FLAVEEDNF-kB, IkBa, IkBBNDIER

F LA Vi TIENF-kBIXIBEEKEZEEICETL,
kBB IXIRERAF I ERH UTehY, 1kBa il Z{LIEER
boNIah -7z (Fig. 6).

6
Bax/Bcl-2

4
---
(V]

control 50 uM 100 uM 50 uM 100 uM

EPA OA
Fig. 3. The change of Bax/Bcl-2 expression in HelLa cells
with EPA and oleic acid (OA) by Western blotting analysis.
The Bcl-2 expression was inhibited and the ratio of Bax/Bcl-2
expression increased at 50 p M and 100 p M OA.
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1.4
Apaf-1

/GAPDH caspase 3
1.2

control 50 uM 100 uM control 50 uM 100 uM

EPA EPA
Fig. 4.The change of Fas (CD95), cytochrome C, Apaf-1
and caspase 3 expressions in response to EPA in Hela cells
by Western blotting analysis. Compared with control, all
expressions were increased at 50pM and 100uM EPA.

0
L35: 4
(405nm)
0.4

0;
Caspase 3
Activity

ouM 50uM 100uM 100uM 50pM 100pM

i M ul Ou ?u 100uM Ou

EPA % 0A "

Caspase Inhibitor/ Caspase Inhibitor/
Z-VAD-FMK Z-VAD-FMK
Caspase 3 100
Activity
control 50 uM 100 uM 50 uM 100 uM
EPA OA

Fig. 5. The activity of caspase 3 was significantly increased
by EPA, but not oleic acid (OA). EPA-induced increase in
caspase 3 activity was reduced by caspase-inhibitor.

control 40uyM 60puM 80uM 100 uM
| ]
OA
Fig. 6. The change of NF-«B, IkBa and IkBf3 expression in
HeLa cells by oleic acid (OA) by Western blot analysis. NF-k B
was dose-dependently inhibited by OA and IkBfS was increased
dose-dependently although there was no change inlkBa .
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ETRiBXUCBEE L TORIHEEIZ, &% CIK
JA T, RANOHBRAKHZMEL, EFMRICEZ
MIEFE R0 E WS Bl TERYEEICHRLUEET
B3, ZORmTE, WYX TPk, S FIC
MR & N2 AN A ESRIAGNAEE (PUFAs) &, s@Efifao
B S LTV E EWVnb TV 3>, PUFAsD
T, FRcaid, invitroTIEH 35D, HIMEH
[l o> B 5 722 J S 2 FAH B I & T 5 TV % 2490,
MA T, faug, EFEMRESETOHMYITHENT,
2L EMWERDRDENZVERE TN TV S 2489,
PUFAs D E BT OfGR & LT, MfapioH
WEZLERT-D, eicosanoid ZIEK LIz, 71—
Z IV - HEEHERE, BOMIEEINT
b\%) 2,24—26).
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SO A< DEKFE T, HAAEAAEIE TH %
F L A V& PUFAs D i o fa il O = E iz 5 i 8 C
HBELAAYR Y RIVEBEERKICT R b= A%
BEL, WTMBXOEEE LTIOHTE 2 0REMED
R E Nz

ZZTC, BREZA ARV AT UEBLUOA LA
VEBIC X B 7R b= AFFE R LG Uz, A
ARV R UVEBIUA LA VBICX D, DNADW
Fritds KGRI 7 7 R b — o 2o B hn 2 328,
IA YRV RIUVBEBIXUA LA VEBICED, HS
M Helafifidid 7 R b= Az d 725 LTz,

RIC, TAAYRXRYRZIVBBLIUCA LA Vi
IC& B, 7R b= IR U7z EHEE T OEA T
BOZAL# HHRET Uz, A LA VBRI K D Bel-2D%
BIAHIHIE N, Bax/Bel2D RN FH L (Fig. 2).
L U755, Fas (CD95), 27 Ba—LC, Apafl,
JIZR—=E3IIZ, AL A VB KO EEDT,
I ZR—=E3EHICE 2B LIEZED SN > T2, —h,
I A aAY R ZTVEBIEFas (CD9%), 27 1a—LC,
Apafl, HAS—V3DRH%Z LA EY (Fig.3), A
N—E3EBERZIC LA U, LLEOREIE, AL
A VBB K BT R b= AN, TA4aYRX %
IUBBIC KD T R = A0 LEERD, 71 23—
YIHMKAZ IR OMBASED 7 1 7S LT3 % ]
REMEZ R LT\ 5.

RICEARBEEET R b=y AL OENEH
TNTVT, RIEBFBICET 2SR T-TH S
NF-kBA, EDXIIC, AL A VBICKOZEHTSH
Rt L. Fig. A TRLTWA XS, LA Vi
TIENF- kB EERFMEICTIE T U, kB D EEKLT
MUz, Lh LaDS, T4 avyXy 2T Ufg
TIENF-kB, 1kBa, 1kBp DZ{bziEDIEH -7

WA, IEFEMRS K TR0 7 R — A
BT ZNF-kBORENLL IR EN TV E™.
RYFUIREE B AAAREMAZOBY > BRICB T
HNF-kBOEMHALIX, ch b Offgicx LT R
=y A MHIT % L DOMEND 7. TNFa/x &
IZ K B NF-kBO G b Id s/ LT7 R b —
VA L, NF-kBAOVEIRREIC AT 2 Pt & B
BLTVBEEMETNTVE b DRHR
M5, 7R b= BT 85 T OIS NF-«B
KXo TSN TOWBHHENEDNH D, FEDRFEE
LT, NF-«kBOIEHEALZHEIT 2H8DEZ 5NS.
51, NFkBlE 7R r—=v 2D HAKE BT, Mg
BE5E - b2 RET Lz 0, SRIERIGRRIERE &
HiL T3 f 4 ORI LT, NF-kBid
BICEIT L, 2L OENERTFORBZFET %,

NF-«kBDiEEIE, NF-kBOBANOBITICKS. ZL
TZNUIIKBIZ & i %21 TV 3328, 1kBIC
& 1kBa, 1kBf, 1kBy, 1kBe, Bcl-3DIEEN S &
NTHLP, WFNDIkBL, NF-kB OFEBEZ <
A2 L, DNAE OFEGTEEZHIHI L, NF-«BOKA
ANDHAZIEHIT ZEMEHET S Y. E6IC, Kk
FIICBR LT, 1«B Kkinaselc & O IkBlZ#E-omic Y >~
b, 28FFUNEMEIN, kBT T I7—
vavESIFBRY. ALAVEICED, kBDLY
FFMEIHIENTVE e EIDBNS. T,
RO T, 2 hay R 7HERIBRIC IkBae 3 X U NF-«B
EEEDEETZC LT, 7RM—=VRAEHFHLTL
BEOMENH O, I Ay R T OIS S
BaxHBLUBcl2A, 2 hay RUTICHFE UIz1kBa 35
X ONF-kBEAIKIC K D ED X S ICHfiZZF TV 5
M, Bk ATHS. £z, NF-«kBifttkid
B2 DRBUCHE LTS & WD HikiddH 5 M 00,
BB 2B G ZFHHT LTV B &V S MG BIED
L TARBRDENTVWERW. ML EMBICEWNT,
NF- kB il i& Bax D7 B 2 ¥ & ¥, Bel2D 7B %
WOXEZLEOHEEHT, S, AL AVEICK
D Z5H)9 % Bax, Bcl2, NF-kB, IkBR A E DX S ICH
HIEHLTWBDh, XA LA VEENEDK S Sk
JFClkBB ZFET 2D, X5, EDXS KT
TIkBEHAT 7 2V —OFEOEWHEL 5 DR
T BRENDS. MAT, & LA VBOFIEER D
B L UC, PUFAs[AIRR, A LA VEBIC K 5 HHIHERED
FEKZAL, eicosanoid DIEHL, 7V —F I HIVEL -
HEERZEBRGTT 208D S EEZ 5.

s

F LA VI K SHelaflifld D 7 K — > X3,
IAAYRUVRATUBIC KSR LITRERD, A
IS— P IHMRIF R X O kB DB T R —
AAGIERRE O R S Nz,

# O

MZRAZICHID, THGERME D XLk
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