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Abstract

AIM: To investigate the effects of conjugated
trienoic fatty acids on the proliferation of
hepatocellular carcinoma cells and to elucidate
the mechanism of their activity.

METHODS: Normal liver, hepatocellular carci-
noma SMMC-7721 and hepal-6 cells were tested
in vitro for cytotoxicity, colony formation inhibi-
tion, BrdU incorporation, Hoechst 33342 apop-
totic cell staining, and cell cycle distribution,
through flow cytometry (FCM) after treatment
with conjugated trienoic fatty acids.

RESULTS: After conjugated trienoic fatty acid
treatment, proliferation, colony formation and
BrdU labeling indices of cancer cells decreased
(proliferation: SMMC-7721,1.5+2.6 vs 1.9 £12.3,
P < 0.05; Hepal-6, 1.0 + 1.5 vs 1.2 £ 9.7, P < 0.05;

colony formation: SMMC-7721, 149.3 + 3.1 vs
191.7 + 5.8, P < 0.05; Hepal-6, 32.7 £ 3.1 vs 61.3 +
4.2, P <0.05; BrdU labeling indices: SMMC-7721,
42.3% +£1.5% vs 63.6% £ 0.7%, P < 0.05; Hepal-6,
59.5% £ 0.7% vs 79.6% * 1.6%, P < 0.05); and
Hoechst 33342 stained apoptotic cells increased
(SMMC-7721, 48.9% £ 0.7% vs 9.9% + 0.4%, P <
0.05; Hepal-6, 65.1% + 1.1% vs 15.9% + 0.7%, P
< 0.05). By FCM, the apoptotic indices increased
(SMMC-7721, 16.3% £ 0.7% vs 3.3% + 0.4%, P <
0.05; Hepal-6, 21.7% = 1.1% vs 5.3% + 0.4%, P
< 0.05), the number of cells in G,/G, phase in-
creased (SMMC-7721, 48.4% + 1.8% vs 38.0% +
21%, P < 0.01; Hepal-6, 53.4% * 2.1% vs 41.1%
£ 0.7%, P < 0.01) and the number in S phase de-
creased (SMMC-7721, 32.2% + 2.9% vs 37.2% +
1.9%, P < 0.05; Hepal-6, 28.3% + 0.9% vs 39.9% *
0.9%, P <0.05).

CONCLUSION: The findings suggest that con-
jugated trienoic fatty acids induce cytotoxicity
in hepatocellular carcinoma cells, and that the
mechanism of their activity might be associated
with the inhibition of DNA synthesis, induction
of apoptosis and cell cycle arrest in cancer cells.

Key Words: Conjugated trienoic fatty acids; Conju-
gated linoleic acid; Hepatocellular carcinoma cell;
Proliferation inhibition; Apoptosis; MTT assay; Flow
cytometry
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ZR: ,

(SMMC-7721: 1.5£2.6 vs 1.9%
12.3, P<0.05; Hepal-6: 1.0+1.5 vs 1.24£9.7,
P<0.05), (SMMC-7721: 149.3
+3.1 vs 191.7£5.8, P<0.05; Hepal-6: 32.7%
3.1 vs 61.3+4.2, P<0.05), Brdu
(SMMC-7721: 42.3%+1.5% vs 63.6%+0.7%,
P<0.05; Hepal-6: 59.5%+0.7% vs 79.6%*
1.6%, P<0.05), (SMMC-7721:
48.9%+£0.7% vs 9.9%+0.4%, P<0.05;
Hepal-6: 65.1%%£1.1% vs 15.9%%0.7%,
P<0.05); (SMMC-7721: 16.3%
+0.7% vs 3.3%10.4%, P<0.05; Hepal-6:
21.7%%1.1% vs 5.3%+£0.4%, P<0.05), G,/G,

(SMMC-7721: 48.4%+1.8% vs

38.0%%2.1%, P<0.01; Hepal-6: 53.4%+2.1%
vs 41.1%+0.7%, P<0.01), S
(SMMC-7721: 32.2%+2.9% vs 37.2%=31.9%,
P<0.05; Hepal-6: 28.3%=%0.9% vs 39.9% =+
0.9%, P<0.01).
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B % (conjugated linoleic acid, CLA)BY 3t
e 4R (conjugated dienoic fatty acid, CLA)&
— R T AL L 2 (linoleum acid, LA)
1 IE 3 ARG W), CLARA V2 A BiEE,
R R SAR, BB AR NE, Brah ik sk Al
b, S5 N AR S D RE, B v i L Hs T PR o
UL CLAS SR R A RIEA RS, fmil
N FLIR S 41 FEMD A2MB468!, /In il 7L i 41
H4526 7RI 51 R 40 D U145 75 ) P14k
WK R . CLALFAEAS 2 R BN LA e R 4K,
AN T ) S e A G A B P AN ORI, G v B
-9, BV R I e A B ot 38— IR TR
(conjugated trienoic fatty acids, TCLA)&CLAJ?
Sy P SRR, LEHEPE IR (conjugated dienoic
fatty acid, CLA) FLAT S s (Ui ™, kb s
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YOS R I, TCLAXS N 45 B)1 IR 41 2 DLD-1,
JH 4 M Hep G2, i 41 W1 A 549, L i 40
MCF-7% iR 41 i 0 L A7 4 e e 4 F U, (ExH 4k
2 B A5 R 1R R B L g R 465 e 1 R AR TG
TR A FHM. BRI T CL A I8 41 i 1) 154 5 417
HE B A RILAL, .

1 MR E

1.1 N4 HIL-02, A 40 i SMMC-7721
AU 40 i Hepal-6 AR SI236 5 4 FUAR A7 45T,
TCLAF IR " i s el #, FH /K L
TR 2 4200 mmol/LAit £ 3, -20°C IR 1745 H,
I P IS P 1 1 BT 75 9 5. RPMIT 16400 H Gibeo/
BRL & (Invitrogen Corporation, USA), #iE /N
I3 A AT I B A TR AT PR W) 7=, JE g AL
(DM S O [ AL 5T A3 IR 2 H],
WEME(MTT) S-IR M8 K H(Brdu) A Sigmas
H] 77 i, Anti-Brdudifk Zymed 22 7] 77 i, S-Pifk
FIEL(SPI00 1) H AL 5T A2 S A W AR AT R
/v, Hoechst33342 4 B il LR AR R A
B =] 7= .

1.2 5100 g/L/NFIlidE . 100 g/LBE
FH#. 100 kKU/LTHFHZFIRPMI 164057775,
37°C, 50 mL/L CO,57=4f 575, H2.5 g/L
trypsinfl/m0.2 g/L EDTAWAALAC. B %k
40 i FH TS5

1.2.1 VAN IR A1 X 107/,
PRl F964LHK, £FFL200 pl, 357 B fd 40 i G
BECH 23 0 AN IR I TCLA(10, 20, 40, 60,
80 wmol/L)Zy Jil Ak EE JifJeq 41 B AN 1 40 ff, % i
HAKEEE, FEASFIRA B3N E AL, E37C, 50
mL/L CO}55%. Ml T 45971, 2, 3, 4, 5 dJa, X1
ANFEFER, FELINAS g/L MTTiRA10 pL, 4k4k
RiF%4 h, 11000 g/L DMSO 150 uL , #R %R
15 min, FIEFARL (A = 570 nm)IEA A H 575
A M8 L), [ o SA RAF TS 2 A0 AT
o= (LI AHAE-AJEA )/ O B ZHA (- A KA
H) X 100%, S5 3K,

1.2.2 WARE A M B, FERh T 6L
B, BEFLANE R 300-5004, A5 — 57 G 2H 42 Fil
3L, BRI A A M BE, vk H A A [R5
HETCLA(10, 20, 40 umol/L)J3 il &b BE 8 41
JHOFI T E S A0 i, R RRZHANAE 3, E37°C, 50 mL/L
COB53%10 d, 4 2, Gimsade(t, k55
ML TERE R, LUK T 50440 ik brite, 5%
FLrC RS, BCILEIME, 5 R TR A i,
SRS 3K

CLA
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™ A —&— 10 umol/L ——20umol/L B —&— 10 umol/L —3—20 umol/L C —&— 10 yumol/L  —— 20 pmol/L
TCLA CLA —4—40 pmol/L —o— 60 umol/L ——40 pmol/L —o— 60 pmol/L ——40 pmol/L —6— 60 pmol/L
~100F —& 80 umol/L ~ 100 = &80 umol/L ~ 100~ —A—80umollL
= = =
£ 80 £ 80 £ 80
8 60 S 60 8 60
' g 40 S S
HepG2. 5 2 3 20 3 20
A549. > 0 L L L L ! g 0 I I I I I g 0 1 1 1 ]
HL-60 1 2 3 4 5 1 2 4 5 1 2 3 4 5
t/d ¢/d t/d
DLD-1 1 TCLAMDHIARFLERE . ARFE/BIER0SRAT R 4MiRISsany ER. A: L-02; B: SMMC-7721; C: Hepal-6.
CLA
1.2.3 Brdu U212 530 32 ol Je 9 40w A0 11 250~ [ Control
WA T AT S B 6 FLER N, 5 X 10°/4L, B 200 m ;8 umoll/L
. — L
JRELE, 140 pmol/L TCLARFEAN, XHIRALR 5 20 umol/
TCLA o
’ AbFE. 36 hJEINA20 g/L Brdu, 4k4L159%12 h, § 150
SE(CHHEE NI = 1 DM A, 4% #ES-Pik 5 g
£2(SPOOOYEAE. W AME FHEB AN Fim 8 1000
P FH BT 40 B B T S BH A 40 B 20 e B RH 50—
MM 432 = BHYE N A 0/(BH 4 40 B+ BH E 40 i | |
H0) X 100%. 0 L-02 SMMC-7721  Hepal-6

1.2.4 Hoechst33342 51 Fy
X HUE KWIIL-02, SMMC-7721, Hepal-64) 4
15X 10°, 3X10°, 5X 107/ g 4%RhT50 mLE;
FEHR, BER R A A i EE, Yk H 40 umol/L
TCLAMEEANfIE, R, 1EHT72 hi, #%
M Hoechst333427 T 1A G T AR, 90 WM
BEWLEE, WS TN MO E, F AW 54N e 50>200.
1.2.5 ( ) H40 pmol/L
TCLAZS ) b B 28 240 H R0 I 4 i, 5 B AS
AR, 72 hJE AR S AL AN, F700 mL/LYK £ B
[t 52, iN10 g/L RNAKE37CHEF 30 min, FHflfL
WIE(S0 g/L)— 4 NVEDNAG(E, L4 i
ASCHS WO 240 B J1 39150 A1 B 08 1 40 .

BT A SIS0 3 v 5 ) BRI A v
7, A0 MR AE S R O 25 o A AR EE, LA s
WKt H K I b PE, P<0.05 0 22 54 Tk

2 BR

2.1 TCLA TCLAX] A\ JH41
M NS A0 ML RS 40 ) 8 B 4 A 4 ol
1. Bt 770 S 385 0 RIS [] 7R 2 K 358 B 400 )4
FH 2 i, S5 500 s R [R) R D6 3R (P<0.05, K]
1). 4R 10F120 wmol/L A X} 115 41 184 5
LU T T8 4 i 1) 5% 10 /)N (P<0.05).

2.2 TCLA TCLAX] i
I A0 A v T A B S R A D, R A
FH 55 )8 i 1E A 2K (P<0.05, 1K2). 47 & k40
wmol/LI 5 [ T2 Bl il 2 24 100%. % 1E 5 4H i

B 2 TCLAXS3Fh/MERSEFERZARAYSZA.

(PIAE FH B /T g 40 B2 (P<0.05, EI3A-D).

23 TCLA  Brdu XTHEA N4, A
JHF- s 20 B % B9 400 PR R Br dub i Fi8 500 5l
80.9% =+ 1.3%, 63.6%+0.7%K179.6% + 1.6%, J
40 umol/L TCLAKLH72 hJi, HAric %ol
h69.9% +4.3%, 42.3%+1.5%H159.5% +0.8%.
TCLAKLER Ji5 A5 it 8 20 H b i 45 2 1K(P<0.05,
F14). RF I 5 40 R PR 52 0 /) T i 9Rg 48 i (P<0.05).

2.4 TCLA JiR 4 e 2640 umol/L
TCLAACEET2 h)5, 140 g {35 38 in(P<0.05,
K5, 6). [RIZE5 &, TCLAXE I 5 40 I i 5 ma v
A 188 41 K (P<0.05).

2.5 TCLA 1140 umol/L TCLA
AR PR A 72 hy TR B Gy G 940 250
In@@<0.05), SIN4H IR > (P<0.05, #K1).

3 11E

CLAZ B RSy, e fHHa et al™, Tp
et al™ WHIFEEIR 21 R R B, LS AH Gk A 479 B
il e R L CRE S g T R R 3-9 mg)!' T H
FLRW, B AN FECL ATT LA B i 27 Bt
H A B K BT 0 i A 2
RAMIFFTR I, CL ARSI T 40 H (1 189 5,
WP NCEPE R g B IR
8 40 M F9 A KA T AR VE FH P, TCLAJZCLA
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B 3 TCLAN3FPLAREBrdudRZHISZE( x 200). A:
L-02  ;B: 40 umol/L TCLA L-02 ;C:
SMMC-7721; D: 40 pmol/L TCLA SMMC-7721.

(1 o5 — M R AA, % MR T huEE v, BE
RS A2, Tsuzuki er a5 K
L, TCLAXT I 40 feHep G2+ filifie 4 i A549.
1 011995 240 R H L-60 1) 44 &1 38 5 400 1 47 FH RDOG) A
45 HL IR FEDLD- 1) AR A A A 4 35 5 T
fCL AR #4ES); Igarashi et a/' W57 UF5E,
TCLAX N4 H w4 fluDLD-1. - 40 i
HepG2. M4 IAS49. FLHRIE 4 M CF-7%%
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100 — | control
W 40 pmol/L
;\:; 80—
5
8 60
©
Q
2
& 40
=l
B
0 20
0
L-02 SMMC-7721 Hepal-6
B 4 TCLAMERN3FhZBIRBrdubRCAYRZIE.

5 TCLAYEFE3TP4BIE/SHochest3334230 Y e MR A

TIEHBEVZ{L( x 200). A: SMMC-7721,
;B 40 pmol/L TCLA SMMC-7721

JIF e 00 L ) A A0 S B A A T EE CL AR A0S
A 27 B0 7905 R P K Bl L e AR 4 s 1) R A
TR /E M. Rk, TCL AU IS T 753
—BWFSUESE.

BAVOHEFTSE FR I, TCLAX AL U
S 6 11 19 5B 3 A A A FHP<0.05, JFRA
IfA] B ARRN OC &R, 740 umol/LIN, W] LA
6 A 0 1E A0 0 i 8 40 B 1 TR T R i
JANH I TCLA 40 pmol/LALFE72 hJi, Brduks
0 A P 2H A0 i 2 A TR AL R AN . 45 R,
TCLAFIE T IR 41 fluDNA 1, {fBrduts NI
/bP<0.05. Hoechst3334275¢ W 4eth, ZLTCLA 40
pumol/LANEE72 i) e 40 Mo 1% T 40 i & 35 18 n

[
CLA

TCLA

TCLA

CLA
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]
Brdu(5-bromo-2-
deoxyuridine),
3 i) a3 BUiEH  G/GH SHA G,/MEA IEIBIEH
’ L-02 5.5+ 0.4 31.8£ 3.6 47.3t1.0 20.9+ 4.0 68.2+ 3.6
, TCLA 11.1+ 0.7° 38.0+ 1.9°  46.4+ 0.7 15.6+ 2.5° 62.0+ 1.9°
DNA SMMC-7721 3.5+ 0.6 380+ 21 37219 211+ 1.9  62.0+ 17
SR TCLA 136+ 29" 484+ 1.8° 32.2+ 2.9° 19.4+ 42 516+ 1.8°
X Hepal-6 4.8+ 0.8 41.1+ 0.7 39.9+ 0.9 19.0+ 1.1 58.9+ 0.7
Brdu
mAb TCLA 16.4+ 0.6° 53.4+ 2.1° 283+ 0.9° 18.3+ 1.8 46.6+ 2.1°
°P<0.05, °P<0.01 vs L-02 ; P<0.05, %P<0.01 vs SMMC-7721 ; ¥P<0.01 vs Hepal-6
25~ m control conjugated dienoic derivatives (CLA) of linoleic
’ ’ B 40 pmol/L acid on the growth of human tumor cell lines is in
20 part due to increased lipid peroxidation. Anticancer
— Res 1995; 15: 1241-1246
BrdU 5\_°, 4 Pariza MW, Park Y, Cook ME. Mechanisms of
% 15 action of conjugated linoleic acid: evidence and
> 8 speculation. Proc Soc Exp Biol Med 2000; 223: 8-13
'*§ 10 5 Belury MA. Conjugated dienoic linoleate:
S a polyunsaturated fatty acid with unique
g 5 chemoprotective properties. Nutr Rev 1995; 53:
83-89
6 Visonneau S, Cesano A, Tepper SA, Scimeca JA,
0 L-02 SMMC-7721 Hepal-6 Santoli D, Kritchevsky D. Conjugated linoleic
acid suppresses the growth of human breast
. adenocarcinoma cells in SCID mice. Anticancer Res
B 6 TCLAﬂsﬁﬁ3*¢£H]H@EHOCI’]9$T33342%%;’%@%“@% 1997: 17: 969-973
s Py ’ :
TiEHEYR k. 7 Hubbard NE, Lim D, Summers L, Erickson KL.
Reduction of murine mammary tumor metastasis
. A s s by conjugated linoleic acid. Cancer Lett 2000; 150:
P<0.05, Jalan i o gt — UL SL TCL AL EE 93-100
1; HE[:'E-’? éHf] ﬂ@ {%tﬂ% ;& ﬂ“DGO /Glﬁﬁ éHf] ﬂ@ %Zi jJD. éﬁ 8 Cesano A‘, Vlsonnea}l S, Scimeca JA, Krltcbevsky
X o D, Santoli D. Opposite effects of linoleic acid and
W], TCLA R 3 41 e 8 T Gy/ G S FH conjugated linoleic acid on human prostatic cancer
W EITCL AN IE 3 14 {41 PSS o in SCID mice. Anticancer Res 1998; 18: 1429-1434
. [F XTE RTAIIR R R R A E$I 9 Tsuzuki T, Tokuyama Y, Igarashi M, Miyazawa T.
FEAMEITER, 27E<20 MmOl/LHﬂ_, X 1 4 Tumor growth suppression by alpha-eleostearic
B JEHT 5 1 AT acid, a linolenic acid isomer with a conjugated
MR R B A I S S, 5 $ triene system, via lipid peroxidation. Carcinogenesis
940 pmol/LE, X 1E 5 4l i i 52 w5 X g 2004; 25: 1417-1425
N 10 Igarashi M, Miyazawa T. Newly recognized
AH 5 P< > B i g , Miy y g
AL 4P<0.05. FT EATCL AR EEPEAR 2270 cytotoxic effect of conjugated trienoic fatty acids on
o Jug ty
5| A E AL cultured human tumor cells. Cancer Lett 2000; 148:
PN N N 173-179
E‘l‘z’ TCLAX A, ﬁﬂ?%?ﬂiﬂ@ﬁ/‘] iﬁﬁjﬁﬁ 11  Kitamura Y, Yamagishi M, Okazaki K, Umemura
= M AR, AR - LHI AT B8 5 4050 98 g T, Imazawa T, Nishikawa A, Matsumoto W, Hirose
SN NESN M. Lack of chemopreventive effects of alpha-
PaS A EL ER
IDNAH E‘Z’ 5 53 P8 0 A D T A A RSB eleostearic acid on 7,12-dimethylbenz[a]anthrace
WA k. (HHEREE IR AR, EEE—5 ne (DMBA) and 1,2-dimethylhydrazine (DMH)-
- o induced mammary and colon carcinogenesis in
2 NIEe female Sprague-Dawley rats. Food Chem Toxicol
2006; 44: 271-277
4 %= N 12 Kyle AH, Huxham LA, Baker JH, Burston
y%jﬁk ) ) HE, Minchinton AI. Tumor distribution of
1 Par1.< Y, Albright KJ, Liu Wf Storksor} M, .Coolf ME, bromodeoxyuridine-labeled cells is strongly dose
Pariza MW. Effect of conjugated linoleic acid on dependent. Cancer Res 2003; 63: 5707-5711
body composition in mice. Lipids 1997; 32: 853-858 13 Pariza MW, Loretz L], Storkson JM, Holland NC.
2 West DB, Blohm FY, Truett AA, DeLany JP. Mutagens and modulator of mutagenesis in fried
Conjugated linoleic acid persistently increases ground beef. Cancer Res 1983; 43: 2444-2446
total energy expenditure in AKR/] mice without 14 Ha YL, Grimm NK, Pariza MW. Anticarcinogens
increasing uncoupling protein gene expression. | from fried ground beef: heat-altered derivatives of
Nutr 2000; 130: 2471-2477 linoleic acid. Carcinogenesis 1987; 8: 1881-1887
3 Schonberg S, Krokan HE. The inhibitory effect of 15 Ip C, Chin SF, Scimeca JA, Pariza MW. Mammary
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cancer prevention by conjugated dienoic derivative colon carcinogenesis in the F344 rat: a study of
of linoleic acid. Cancer Res 1991; 51: 6118-6124 inhibitory mechanisms. Carcinogenesis 1995; 16:
16 Ip C, Singh M, Thompson HJ, Scimeca JA. 3037-3043

Conjugated linoleic acid suppresses mammary 20 Ip C, Ip MM, Loftus T, Shoemaker S, Shea-Eaton W.
carcinogenesis and proliferative activity of the

mammary gland in the rat. Cancer Res 1994; 54:
1212-1215

17 Kritchevsky D. Antimutagenic and some other
effects of conjugate d linoleic acid. Br | Nutr 2000;
83: 459-465

18 Thomas Yeung CH, Yang L, Huang Y, Wang J,

Induction of apoptosis by conjugated linoleic acid
in cultured mammary tumor cells and premalignant
lesions of the rat mammary gland. Cancer Epidemiol
Biomarkers Prev 2000; 9: 689-696

21  Miller A, Stanton C, Devery R. Cis 9, trans 11- and
trans 10, cis 12-conjugated linoleic acid isomers

Chen ZY. Dietary conjugated linoleic acid mixture induce apoptosis in cultured SW480 cells. Anticancer

affects the activity of intestinal acyl coenzyme A: Res 2002; .22: 3879'.3887 o .
cholesterol acyltransferase in hamsters. Br ] Nutr 22~ Yamasaki M, Chujo H, Koga Y, Oishi A, Rikimaru T,

2000; 84: 935-941 Shimada M, Sugimachi K, Tachibana H, Yamada K.

19  Liew C, Schut HA, Chin SF, Pariza MW, Dashwood Potent cytotoxic effect of the trans10, cis12 isomer of
RH. Protection of conjugated linoleic acids against conjugated linoleic acid on rat hepatoma dRLh-84
2-amino-3- methylimidazo[4,5-f]quinoline-induced cells. Cancer Lett 2002; 188: 171-180
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