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MRS RO, REERBINMBETEIT A TIIRLAIZEHETIED, D
—EDRIUTICRD EMIEIIAHTERIR-oTEICHES V. T AT —E
X712 A7 DNA 2R THIHEEERTHY (Fig. 1), hTR (human
telomerase RNA : 7 2 X 7EF| Z M+ 5B 0&%A) . hTERT (human
telomerase reverse transcriptase : 7 2 X 7 —EIEEZ T A T2=v ),
TP1 (telomerase associated protein : #EEFRA) D 3 o2DHT=2=y FI LA
Vo5 TW3 2, hTR & TP1 iH@% L oM b BAXBOONE, —F,
hTERT iZiF L A FOEFEMR TRE L THORWVE, BHRICBWTRIZEL R
CRLTW3, LER-T, BHEETET oA 7—ERBbL TR, R
JEREZ T D, ULk b, Tr AT —EIXEBHO~—DI—, EOITITE
BEROFRE—Ty Fe LTEBESILTWS,

BAEE T, B OF a2 F—PEEARRHENTNS I, LAL, B
RANCE L TOARIIBD THORVOBBERTHY, “BREHETEEZIZS” LW
FBRPLLF T A —FPHEDEE RET I LICH KRR 7o, &
T, BROEBEERSICESE2ZRo-TTFu A7 —EHEWEER A7V —=
VIL, EDAA =R LS FLNVTHATAZLICLY, BELECHD
DEHTRTAZEZEME L,

Fig 1. Telomere and telomerase.
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BI1E AVEXF/RVADTIAT I Ru—AZ L BT X5 —PEERE

[Ef)] EYORERBETE. ) EuEBEICBRTEE/ 57 FAY
TINTVEa—V(MGDQR) . VHZ 7 hIATTINT Y Ee—A (DGDG),
ANVEF ) RINVTTINVT ) Eu— (SQDG) BEEIZFEEL TS, %
DHFET, SQDG FF/NVa—AD 6 fLIZANVEKE VBB REES LI FBOREEL L
TRY (Fig. 2), HITEESHRV L VERRELEENTVS, ZHE TIZ SQDG
X, FUARHEFEIGICI Y 4 VAR EOEBERABRBRE SR TWS 49, ZZTH
BETIE, TrAT—EEBEICEZ5EELTAX. SQDG 0T X7 —¥HES
LT PUBIEEORIEEZ B L Lz,

[5% - BR] b P KIBE B REERMIGH DLD-1 oA LT e AT —E%
B teMia HIRICIEL B3k D SQDG /ML, stretch PCREICL DV F o 25
—BEEERBE L, BETIE, TuXT7—¥EHET 6 HEBEMNTREDRR
5 DNA ¥ —L LTHRHENS (Fig. 3A). SQDG EBEIZEKFELTDNA FF
—RHEL 2, SQDG 7T u A —EIEHEELHER L7z (Fig. 3A), DNA 5
H =D T FNBEZEELLZER. SQDG D ICs (BEREMZ 50%HE3
BEE) 3 22uM Tho= (Fig. 3B), —F. SQDG LR L7V EufEiEE
IZBT 5% MGDG & DGDG 1% 100 uM O EBEABRICL - Th T X T —EE
HEEE Lo (Fig. 4), 2O &b, SQDG OEEEEICIZAALK Y
BREESLETHIZ EBNRBRINT, TR a~w N7 T 75Hic LY, SQDG
DOEXEERRIEBII A a PR Z B (EPA, 2035, 34 mol%) &3V F
VB (16:0,58 mol%) TH D Z L BRI, EPA IIRMICT o 2 7 —8iE
MEEEL~E (ICs=19 pM) (Fig. 5), SQDG OT7 /7 Y METHRBM LAV
FTE/JRUATYEr—L (SQG) ITuAS—EEEEEELRI-=, &
NODOERENMD, SQDG I3 (BIZALKVE), FUk'u—iL, EHBROET
DEBBPEFEETAZETTI e AT —EHEEZTRT EELONE,

ULk, 7Y o EiEE SQDG 07 o 2 7 —EEEREEAZIICY
THLMIZ LT,

—333—



Fig 2. Chemical structure of sulfolipid,
sulfoquinovosy Idiacy Igly cerol from edible purple
laver (Porphyra yezoensis). R, and R, indicate acyl
chains of different length and degree of unsaturation.

Telomerase activity (% of control)

120

100

Fig 4. Effects of MGDG
and DGDG on
telomerase activity in a
cell-free system. DLD-1
cell lysate was mixed
withMGDG, DGDG
(each 100 uM), or
without sample (control),
and then telomerase
activity was evaluated by
the stretch PCR assay.
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Fig 3. Inhibition of telomerase activity by SQDG as
assessed by a semi-quantitative telomerase assay (stretch
PCR) in a cell-free system. A, Cell lysate of DLD-1 was
mixed with SQDG (5-50 uM) or without sample (control),
and then telomerase activity was evaluated by the stretch
PCR assay. B,telomerase activity is expressed as
percentage of the control. Values are expressed as
mean = SD from three independent experiments.

Fig 5. Effects of EPA and palmitic acid on telomerase activity
in a cell-free system. DLD-1 cell lysate was mixed with EPA
(10-100 uM), palmitic acid (10-100 uM) or without sample
(control). Telomerase activity was evaluated by the stretch PCR
assay, and is expressed as percentage of the control. Values are
expressed as mean= SD from three independent experiments.
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H2E fEliEe ICRETRMENRRICL ST v 2 7 —EMEHIER
F1E BUBCLST o7 —EHELEEEEMEE

[E&] % 1ETII, EMFEIEETHS SQDG BNET 1 A T —EFEHEZEET
5ZLEAHLE, TOBRBEAI=XLEHBHTT51BEB T, HERER OBAER,
¥ EPA 2 L ORETCEAEHERII, B TH T o X 7 —E¥EEHEZREET
BT bl (Fig. 5). B o REBHBRICITENFIERLH S LED
AN, TOERBFICT o A7 —EBHEOEDL Y BFLITRBREINE, £Z
T, e DEHBREZAVTT 2 A5 —FPOREEEZSEMICHE: - R LT,

[5iE - #E] DLD-1 »oFB L 27 v 2 7 —¥ &Sk Hikic&BEIE0
BREZAM L, stretch PCRIBICK VEERTERZBAIE LTz, ZORKER, REHLRE
HARBFENEE TH D EPA L Fa¥d~xH U E (DHA) . VT AT—
PHEREEZ L (Fig. 6), RiC, Bx DIEVEEZ AV CHREEEMEEL2H
Rz, RFEEK 18 DIEEEOT o A 7 —EHEEHE LKL FER (Fig. 7). T
ROREERHLEQ cis BEEL L 2BBIIEVWEEERE2ET5.0 &
BFENE K RDICONTHERFRENHERL 25, Zhb0fMIL, REHK20 &
22 OB THLRO LN, T7bb, EPA L DHA IIMMOfEER L D & T
BT u AT —EBEEEHEET I I EBBELNIR T, —FF, RFEEDL 12-20
DEFEBOEELR IS, Tur7—BZBEE LRkdolm, Z—ERE%E 1
DFOE ) = UEIRRIL, 16 U EORBRDHEICHEL R L, ZOZ e
b, BFBOER®T oA 7 —E0OREFEEICEEL 525 2 L3RRI,
Ebiz, BHBOBEREOHEEDREZRIEL =, & FoXVEHBRITEE O
FEg L b L CT v A 5 —EBRBEEERTH . BB O RIARBHOBENE
BrhsrEZOLN (Fig.8), EPADAFNLT AT « TF LT AT NIET
oA S—PHEBEEANEL Rho7=l &b, BEHEOIAVRE VAVENHEE
WHETHAEZ LBRTRRENT, £7-. Lineweaver-Burk plot izk V72 X7
— P OREFRRNELAER, EPA ZEEY T/ v — 3 L CHABREFZTL
ez p b (Fig. 9). BSRBMIENHERIZ DNA AV MC/ER L THSRY
WEBEREEZEET I EBALNIR T,

Plizk v, BB TH EPA S DHA O & 5 2R AFIIE BRI &
DTHRVEEFEELZEL. T2 AT7—ED DNAKEY A MIERATSZ & T
REEZHEETAIZLERHLE,
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Fig 6. Inhibition of telomerase activity by fatty acids
in a cell-free system. DLD-1 cell lysate was treated
with fatty acids (EPA or DHA; 30 and 50 uM each)
or without sample (control), and then telomerase
activity was evaluated by the stretch PCR assay.
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Fig 8. Effect of fatty acid derivatives on telomerase activity
in a cell-free system. DLD-1 lysae was mixed with

hy droxy-fatty acids (ricinoleic acid and ricinelaidic acid;
100 uM each), non-hy droxy-fatty acids (oleic acid and
elaidic acid; 100 pM each) or without sample (control).
Telomerase activity was evaluated by the stretch PCR assay
and is expressed as a percentage of the control. Values are
means == SD from three independent experiments.
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Fig 7. Inhibitory effect of C18 fatty acids on telomerase
activity in a cell-free system. DLD-1 lysae was mixed
with 10-100 uM faty acid (20-100 pM; panel A or 10-50
uM; panel B) or without sample (control). Telomerase
activity was evaluated by the stretch PCR assay, and is
expressed as a percentage of the control.

Fig 9. Lineweaver-Burk plot analysis oftelomerase
inhibition by EPA. Telomerase activity was evaluated
by the stretch PCR assay with DLD-1 lysate and
various concentrations of the TAG-U primer in the
absense or presence of EPA.
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F2f RETEMEBVIBOMBAY STV GEEEZN LT 2 AT —ERE

B8] % 1 & ik, RETATEHEYS DNAKAEYA MNERALCTFrAS
—EPOBREEZEFTTAIZLEZER LE, —F, 7u X7 —¥EXEEFE3
hTERT OBEFREREMHETHZET, Tur7—E2EETIHESRES
T3 3, 22T, REFEAAHEES hTERT OB EFRBEICHEBLELS
DEPEEEMERBRCRN L., TOEABFE2EHTIZL2EMNE LE,

[Fis] FERSER &5 IR L C DLD-1 #Mifa % AT 7 BRIEHR%, Tux 7
—EEME% stretch PCRETHIELZ, FMEDOA =X AZR/RB DI, M
Fans 5 total RNA ZHIH L, U7V F A ARTPCRICEL Y BEFRENELEH %
T, £, TuTA X% F—E C(PKC) EEHLZEIE LT, ETOERICE
UWNCEE I R U 7= FLER R K BEER (LDH) EMZEFA. HRICHW-IBIHER
B TSRS TN 2V D L 2R L,

[#%R] n-3 ROJEIEETH S EPA & DHA 1TEBE - BEEEHICT 2 A T—
Y2 BEEICHE L. DHA OEEEEIX EPA LV b3 -7 (Fig. 10), —
F. n6 ROEPBTHDY ) —LB. vV VB T 7% FUBIZIIIES
BRENolz, TrAT—FPHEOAI=XLZHLMNIT BRI, VT
Z A4 5 RT'PCR TT A7 —FPHERETFORBELNLVEFAD L, EPA ¢
DHA i3ty ~7 == + hTERT ORBELZ RO TEZ LBbhrotz

(Fig. 11A), —%F. B#EF TH S cmyc iX. hTERT FuE—& —IfEA L
TTFu A7 —EOFEELTHAS T L B3HEIN TS 6, WAETIEEIX c-myc
mRNA DFEHRZ HEEICHH Lz (Fig. 11B), PKC i ccmyc ® mRNA ¥&H
PHETAILRMONTVS D, £/, PKC 2% hTERT OB EFRE 2 HE
THENIFELHSB Y, £Z T, EPA & DHA ® PKC Iz 52 BB T~
R, BmEKFENIC PKCESZAEI L (Fig. 11C), 2L kXY, EPA £ DHA
WIS S FUVREEN L TTF e A S — B3 HETAEAND D Z L #RER L,
FORAH=ALEL LT, EPA & DHA 28 PKC #HETAZ LT, cmyc &
hTERT ® mRNA BERF T L ¥ al— SN, TOFER, TrAT—EE
Rl &b Z g s (Fig. 12),

w2 EDRERE LT, REFEMENE, &L <IC n3RAEWERD EPA L DHA
KIETF A S —PORBEEEEET ST TR, YIITAMREENLTT
0 AS—¥EMEITEBO T2 READH B Z L Bbh 2T,
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Fig 10. Cellular telomerase activity is decreased by
treatment with faty acids. A, DLD-1 cells were cultured
with fatty acids (EPA or DHA; 50 uM each) or without
sample (control) for 4 days. Subsequently, telomerase
activity in the cell extracts was measured by the stretch PCR
assay. B, The time and dose dependence of telomerase
inhibition was evaluated by treating DLD-1 cells with 20-50
uM faity acids (EPA or DHA) or without sample (control)
for 4 or 7 days. Telomerase activity is expressed as a
percentage of the control. *Telomerase activity could not be
analy zed, since cytotoxicity was observed after the
cultivation of DLD-1 with 50 pM DHA for 7 days. Values
are means = SD from three independent experiments.
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Fig 11. Inhibitory effect of EPA and DHA on mRNA
expression of ATERT and c-myc and on cellular PKC activity.
DLD-1 cells were cultured with 20-50 uM fatty acids (EPA or
DHA) or without sample (control) for 4 or 7 days. The mRNA
expression levels of ATERT (A) and ¢c-myc (B) were then
measured by real-time RT-PCR and is expressed as a
percentage of the control. C, PKC activity in DLD-1 cells
following treatment of EPA and DHA was evaluated. Values
are means £ SD from three independent experiments.
*Expression of #TERT and c-myc mRNA and PKC activity
could not be analy zed, since cytotoxicity was observed after the
cultivation of DLD-1 with 50 uM DHA for 7 days.

Incubation days

{ ":]m"r Fig 12. A possible mechanism for telomerase
inhibition by EPA and DHA.

—338—



E3E FREANEZIVE ha bz /—NMIEbT70RXA5—FHEER

[B8Y] 8 2 ECix, ESTETIEVED PKCIEMHEELZ N LET a5 —F
MEIERZ2ER LTz, FEMEH¥ IV ETHB ba b=/ —/L (T3, Fig. 13)
121X PKC OREEARHFEINTEY 9, T3 7 e X 7 —EHl#EicBEb 5
REHENREZ bR, FITAETIE, T3IZL5T 0 X5 —PHERRA TR
BRBRCRIETSZ LR HEI L L, |

(5 - "R] T3 OHIBEHETEIZ 5 % 288 % MTT £ T#H~7. T3 X DLD-1
DHEFEZEEL., TOREFEEORIILS->B->y->aT3 THHo 7= (Fig. 14),
BT L7 LDH IEEZ AL 2 A, 30 uM Ll EDs-T3 BHEFEE L2 R
L, TRHDORERNS, 20 M LT O T3 ZLUBDOERICA W, T3 DEE
TCDLD-1 258 #%., 71 X7 —EiEH% stretch PCRIETHIE L, FOR
R, T3 7T n A7 —EBLRERFENICMA L, EEEEIZS >B->a =yT3
Tho' (Fig.15), —F. Fa7zua— L OEEHRIITS L VBE,-7=, T3
DEEA D =XLEZALNCTEEDIC, £ 2E 2 HEFBICYTAZA L
RT-PCR T mRNA OEHLV~LZFHEL. PKC FEE~DERII OV T LR
L7z, T3 1% PKC {EHDEE%LZ M LT ccmye & hTERT ® mRNA Hx ¥ 7
LF¥alb—br L, BR,. TuXT7—E0EEZME T EBbhoz, &5
IZ, PKCIEHED A W= XL EF/RD 2D, TaT A VKA T7 74—+ (PP)
WEE L7z, PRC ZEC ) VEMLICE W EWRIL 20, PP X2z ll) VB
bt 52 L TRIELSE D 19, T3IZIZ PP 2L SE3EAOH B L %
RH L (Fig. 16), » |

ULDHERNS, T3OTr A7 —E¥MFIERZIZIUHTERAEL, TOEEA
H =X LDO—IEHBIA LMo 7 (Fig. 17),
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Fig. 13. Chemical strictures of vitamin E.
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Fig. 15. Cellular telomerase activity is decreased by
treatment with T3. A, DLD-1 cells were cultured
with 20 uM T3 or without sample (control) for 24 h.
Subsequently, telomerase activity in the cell extracts
was measured by the stretch PCR assay. B, The dose-
dependent inhibition of telomerase activity was
evaluated by treating DLD-1 cells with 5-20 uM T3
or without sample (control) for 24 h. Telomerase
activity is expressed as a percentage of the control.
Values are means = S.D. from three independent
experiments; *P < 0.05 compared with control.
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Fig 14. Effect of tocotrienol on the DLD-1 proliferation.
DLD-1 cells grown in 96-well plates were treated with 10-
50 puM tocotrienol or without sample (control) for 48 h.
The viable cells were then evaluated by MTT assay and
are expressed as a percentage of the control. Values are
means + S.D. from five independent experiments.
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Fig 16. PP is activated by treatment of T3. DLD-1
cells were cuitured with 20 uM T3 or without sample
(control) for 24 h. Subsequently, PP activity in the cell
extracts was measured. PP activity is expressed as a
percentage of the control. Values are means = S.D.
from three independent experiments; *P < 0.05
compared with control.
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Fig 17. A possible mechanism for telomerase inhibition by T3.
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et

AR TR, BARICESBRL., EREHEEL5SXIBET o AT—ED
FEHDEEZRBEDOEBERLINPORELT, ZOREHBELZHONCTRZI LR
BHE L7z, :

B 1ETIE, HOOKERBECEFEETIEMTV BuEEEALVEX
JRUNTIT AT VEa—LR, Tuirs—PEEeEETII L 2RREL,
ANVKEUVBENRHEEBICEETHDLZ LBbhoTz,

2 BETX, RETHEMENR, Ltz a8 (EPA) RF
aPA~FH B (DHA) 25, DNABASY A MIERA LTI e X 5 —EniEHk
PHEETIZLERRALE, £, 7oL+ —+¥ C (PKC) EEE/L
TTRAT—EZF T L2 — T3ERLOZZLE2HALNILE, &
X Hb, BEREREHROTEERANEFRHCRDON TS, 4E, EPA
L DHA iHEBETTF oA 7—E3EELED LH 5., REFARIEHBR OB
HEEDOOESE LT, TrAF—EHEOEENRFLITRRIN,

# 3 ETIX. PKCHEEEARRESRLTWA ra Rz ) —E, b7
B— ALY BT EAT—EERZBETAZ b oz, TR AT —EHIHE
K+ (PKC X cmyc) KEEBE2EXIRONOHEERDEE RV —=vTF5
L, FEREICEIRFETHILEZLNT,

UEXY, ThETTHBEDORPoEBERSNOEF 2T a2 5—¥HE
EMBEEREL, FOAI=RLO—EMBA Lz, TuXT—CREOHE
ITEFBEEREL ., in vivo TOEMEEZHER LR UIBBOLTHY, £O
HRBRFELRIFELEINTOHWRVORERTH D, 5%, TNLOOBREEZRR
THEURERHDZLOD, SERHLEZREEERSIE, TuA7—EE24—5
v k& LB TFHICRATE 2 aEENSREBR I,
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m X EBEERRES

4, EROMMOREEL 52 2ERT v 2 7— N EERICEEREICRHENZZ LT, Z08EH
HEIZ X DEERMEEZEDTVD, BEETREEZ DT v X 5—¥HEFBAHINTWD R,
BRRSICE L TOHMRIBDOTORVORBIRTH D, “BRETEETHTS” LWHIBEPDLL,
FicrTur7—PHERERLRHT I LREETHS, FHR T, RROBBERIICES LK
T?ﬁii—ﬁm%%géxﬁﬁ—:VﬁL,%@%W:XA%Q%V&Nﬁﬁﬁféck%E%&
L7z,

BREBERDPODRAT Y —= 0 FORER, BYOXERBEICESEFETIBMT ) okl EE
ANEF ) RINTT NI Y Er—L (SQDG) 28, TrAS—EEEEHEETHI L 2O TR
HL, ANVKRUVBENBEICEETHLZEEHALRITLE,

SQDG DIEE * h =X LR+ 5BET, FIBSET v 25 —CEELRAETHZ LEER
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