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PEE = UL FIRFER R PRI - 2d%
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3. HIEmER

PNTRR % 723 T IRERF 2GS D 2 LI X D EH, 447, 5. BLODALE
BOIREEFRESE S, 0 L biTeRBR I DIEH S — XOHHEE EH 25
% BT BAMINTO L 7 MR KO FAFID & —7 > b &720 2 HIRF-Z 57 LT
MUTZR B 720, UHFFEE TIIRRE DO B LIALE O T R b — 3 AFFEER L OV A
JEDMAERANINT D& =7 My A OWTHT LD THRE T2,

3-1. Mangiferin [Z& % NF-kB BAE %N L1=7R h— RFEESRE

SMEEBEE AR (AML)OIRRBGEIIBEE TIZdESN->odb 0, ZOERE LTI L
WL DR RFHEYR— b D XD REBE T DU IR ORI 2R U - BB O
Bids7e EMRFET HID, L L, 65 LA FOBED 5 FEFERIT S0%LL T | 65 kbl LB
TIE S HFAFRIT 20%LL T TH Y | EfiEE R LT S0%LL EOBFITBWTCHERETH 2 LAvR
INTVD , BT, FIAANZ L DIRRTEWERDNHELT 2720 EE D QOL IFF LIKF
T 5,

AML ZIET 5 72 DI LUEREROBIR B E T TR Y . NF«B (£ AML O LW
TRER & 72 BIRF-Cd 5, NF-xB OTEFFANEME LK ORI < OBRICEE S L, F72,
Z OIEMCITIEE R 2 et 25 Z LN BV T D, NF-kB OIS 737 T 5 v-Rel 1
c-Rel D RGBT THY | WAMBET L LTRIESNTND . SHIZ, NFkB X7 AR h—v
AFHERIEOBRE, P17 R b — AR F-DOBIGF LT R0 BB AFHET D Z L NEE Sh
TW%, NF-kB OEFHEIE R OBRAEIZ DN TE L ORFZER 72 STV 525, AML 123
i} % NF-kB OEENZHOWTIZHA SN2 > TRV, NF-kB OFEFEEMAL L O OiFHAL,
IZE > THESNDHLT A b= AR K D MIRRED R A ST 5 Z R TEiul,
AML OIERY —4 > b & L CNFkB IZHHTH D aJREMENE 2 b D,

Mangiferin, 1, 3, 6, 7-tetrahydroxyxanthone-C2-B-D-glucoside (C-glucosyl xanthone), |LARIRIZAF
ETHR) 72 )=/ ThHY | MW TER I AL, FFZ Thymeraceae families (e.g., Phaleria
cumingii, Ongael) DHEIZZ < FHET 5, L L, TR ST 220 RITA B L 72 o Ty,
A, & b AML ik Cd 5 HL-60 flifEz VN C, mangiferin (255 7 R b—3 AFHE0H
R OV DR O % ik r 7,

F9 Fox 1T HL-60 AIEIZKk L, mangiferin 7N CORMMESE 2 FHET HIREEIZ OV TR L
72 Mangiferin Z#&EEE 10, 25, 50, & OV100 pg/mL THELL, 1, 2. KO3 day BE&% 04
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AIREAHIE LTz, ZOREEZ control (ZxI DMfATERE L TR L., TOMRE, KR
JED 3 day $ ORIIEATTEIL 1034, 1034, 89.9, KN 424% Th o7z, D Z L) 0 mangiferin
VIR R QMR AF AN SIS E 2 5892 Z LS BNt 7o 7= (Fig. 1A), £72. 100 pg/mL
mangiferin 7ANZ L Y AML fifuk CTd 5 KG-1 M OV KY 821 Ml ZAIRSE A 758+ 5 2 &
Z BT H3 NIH3T3 A, ST2 Afifid, & OXMC3T3-E1 ARl Z I 352884 KIF S 72 - 7= (Fig. 1B),

B
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= o 60 B mangiferin 100 pg/mL
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20 0
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0 1 2 3
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Fig. 1. The effect of mangiferin on the viability of HL-60 cells, which was measured by trypan blue dye
assay. (A) The cells were treated with 10 pg/mL, 25 pg/mL, 50 pg/mL, and 100 pg/mL mangiferin for 1,
2, and 3 days. Mangiferin induced a time-dependent inhibition of cell viability. The results are
expressed as a percentage of vehicle. The results are representative of 5 independent experiments. *P <
0.01 vs. controls (ANOVA with Dunnett’s test). (B) Effect of mangiferin on various cell lines. The cell
viabilities of various cells treated with 100 pg/mL mangiferin for 3 days were measured by trypan blue
dye assay. The results are representative of 5 independent experiments. *P < 0.01 vs. controls (ANOVA
with Dunnett’s test).

RIZ Mangiferin (& & DHINSEHEEN T 7R h— A TH LM EIMFE1T -7, 100 pug/mL
mangiferin Z 2 day AP L 7= HL-60 #fifalZ Thiat L7As A, B OWrA{k (DNA fragmentation) Z
D72 (Fig. 2A), F 72, mangiferin 7 caspase-3 {E1E 4 A S 20570 Wat L72#ER, 100 pg/mL
mangiferin % 2 day #LE L 7= HL-60 e T3 LV NEH L2 MR L7- (Fig. 2B),

(A) (B) _
Fig. 2. (A) Mangiferin causes apoptosis of HL-

25 60 cells. The HL-60 cells were cultured in the

E 20 ¥ presence or absence of 100 pg/mL mangiferin
= for 2 days. The cells were harvested, and DNA
g 15 r was extracted and analyzed by agarose gel
5 10 + electrophoresis. (B) Induction of caspase-3-like
o activity was associated with mangiferin-induced
2 5 F cell death. Caspase-3 activity (measured on the
S basis of proteolytic cleavage of the caspase-3

0 substrate DEVD-AFC) is expressed in terms of
control 100 pg/mL picomoles per hour per mg of protein. The
mangiferin - osults are representative of 5 independent

marker control 100 pg/mL
mangiferin R
¢ experiments. *P < 0.01 vs. controls (ANOVA
with Dunnett’s test).

Mangiferin 2347 27 URIFAZRE U TR 52 DWWt a1 170, ZOREE, magiferin
I IFRHGETIIC NF-kB p65 OEEBATZLET D Z EH BN E o7, F7-. TxBo FEHABINT
52 LB, UL, ERK, Akt, XU p38SMAPK OFEMEIZ DWW TIIREE MIE X 7h -
7= (Fig. 3A), & 5HIZ, mangiferin 73 [acBo mRNA J$E1% 281 S5 M2 OV TR L7oRESE,
[-««Ba mRNA FEFU I8 HivZen»- 7= (Fig. 3B),
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Fig. 3. Mangiferin specifically suppresses the nuclear entry of NF-kB p65 in HL-60 cells. The HL-60
cells were treated with 100 pg/mL mangiferin for 1, 2, or 3 days. Whole-cell lysates were generated and
immunoblotted with antibodies against phosphorylated ERK1/2 (phospho-ERK1/2), phosphorylated Akt
(phospho-Akt), phosphorylated p38MAPK (phospho-p38MAPK), NF-kB p65, I-kBa, ERK, Akt, and
p38MAPK. (B) Equal amounts of total RNA were reverse-transcribed to generate cDNAs that were
used for PCR analysis of I-kBa mRNA expression in HL-60 cells.

NF-kB A TIAFEIC L 57 AR M= RFFERT 2T 5728, mangiferin ZEERAZIS1T 5
Bcl-2 family % >7%% K (X caspase inhibitor % > /37 OISBENEAMER LT-, T DOFER, BelxL
JONXIAP OFBUK T 353788 Hiiz, F£7-. Bel2, Bax, Bim, & survivin (22T, 21k
D BN T (Fig 4),

BelxL (DS -~ Fig. 4. Mangiferin specifically
suppress Bcl-xL and XIAP
expressions in HL-60 cells. HL-
Bax e cie G G 60 cells were t.reated with 100

pg/mL mangiferin for 1, 2, or 3

Bim e R days. Whole-cell lysates were
XIAP generated and immunoblotted
W— with antibodies against Bel-xL,

survivin | Bel-2, Bax, Bim, XIAP, and
B-actin “ survivin. As an internal standard,

anti-B-actin mouse monoclonal

210 B ——

NS
e«s“i&i@ o2 3 (day) antibody was used as the primary
N 100 pg/mL antibody to detect B-actin protein.

mangiferin

VUL EDZ &35 mangiferin 1 NF-xB OATIHE 271 L T Bel-xL & U XIAP DOFEELA- ]
T% 2 & THL60 Ak LT AR b= RAEFHES 5 Z EAVRBR I, 2D OFERIT~
X T = U AR A IR A II U &5 NFkB 2MEMHE L T0D L9 72JIcxf LT
HRDPHIRFCE D AMEEMEZ R L T D,
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3-2. BRAEBEOMEHEICEITEE—7 Y MFOERERE TN b ZHFIT HEXDEET

NS AR IR OMEA TIC R B B 20 > TN D, [ETEIEEHZ 31T 2 i TN
JE N QMR BN THEZRIBIRD— D Th 5, ‘HRIEIZI T 2 MEH/ L2t S5 R 1L L
C vascular endothelial growth factor (VEGF), basic fibroblast growth factor (bFGF), hepatocyte growth
factor (HGF), MU transforming growth factor-beta (TGF-B)3FI HAL TS, EDT=H ZiLH D
T2 2 FHN T B A BRERE & U TERTH D mTREMS IR T & 2,

Ras X° Rho 72 EDIRSY T G Z L7327 |34 72BIn T OFBUCE G35 Z L vbh Ty |
M DAATE, HIT, KON RES 2 Z EAVRSN TN D, £D72D, Ras X Rho 72 KO
5F G 2 TTMERFERERROT L NZ—7 >y My L R D AlRetEn iR  c& 2, 2o
ZEMBHR RS TG & XY BAEHETH 5 statins |2 K 2 A HT AR -0z R &
UL DBEFIZHOWT~ 7 A R LM8 fild 2 VW TRRE L, &5 7 G & /37 3ES
MAEFAEIR D2 —7 > Moy F-L 720 9 DGR 2RI T,

Fox AT A H0H] L 72V RSO statins FTALERIZ 35V T LMS #ifd C D bFGF, HGF, TGF-B
mRNAs FEBLL NZ 237 W fHET 2 2 L 2 622 Lo, 72, VEGF mRNA FEHLKL
B RGN IR B FAE S 7202 & AFRD T (Fig. 5),

(A) (B) Fig. 5. Inhibitory effects of

0O control .
wossimastain - Stating on the mRNA
D1 pM simvastatin

@2Msmastain €XPression and protein
secretion of bFGF, HGF,

T . and TGF-B. LMS8 cells
z . 1, were treated with various
. . concentrations of statins
VEGF mRNA  bFGF mRNA  HGFmRNA  TGF-f mRNA
for 3 days. (A,B) Total

©) (D) RNA was extracted, and
the VEGF, bFGF, HGF,

O control
0.1 gM fluvastatin
000.5 uM fluvastatin
11 uM fluvastatin

Lk ke

VEGF mRNA  bFGF mRNA  HGF mRNA  TGF-§ mRNA

35 160

£ E o and TGF-B mRNA levels
£ 2120 N
25 S were determined by real-
= = .
g 2 2 ®0 time PCR. The results are
=l
§ 15 g 60 expressed as the
3 - 40 .
c ! B test:control ratio after
E os g . .
> . 2 correction according to the
01 pM fluvastatin — 4+ — — — — —  O1pMfuvastatn — + — — — — =— GAPDH mRNA levels.
0.5uM fluvastatin — — + — — — —  05uMfluvastan — — + — — — — The resu 1 ts are
oM fluvastain — — — + — — — M fluvastatin — — — 4+ — — — representative of 5
0.5uMsimvastatn — — — — 4+ — — o0SuMsimvastan — — — — 4+ — — independent experiments.
* 0
IuMsimvastatn — — — — — 4+ —  {pMsimvastan — — — — — + — p <0.01 vs. control (0.1%
2 uM simvastatin —  — - — - — =+ 2 uM simvastatin —  — - - - - + DMSO-treated) (ANOVA

with Dunnett’s test). (C-F)
(E) (F) LMS8 cells were treated

g 2 with various concentration

e 2 of fluvastatin or sinvastatin

E 5 for 3 days. Culture

E g supernatant was collected

z @ in culture and analyzed by

8 § enzyme-linked

immunosorbent assay.

0.1pM fluvastatin — + — — — — —  OlpMflvastain — + — — — — = These results are

05pM flwvastatin. —  —  +  — — — —  O05uMfwastatn — - + - - — —  representative of 5

1uM flovastatin — —  — + — — — TpM fluvastatin. = —  — 4+ — = = jipdependent experiments.

OSpMsimvastatin. — - — - — = 4+ = T 0SpMsimvastatin —  — -~ = 4+ = = x5 <(0] vs. control (0.1%

1M simvastatin — — — — — 4 — 1 pM simvastatin — — — — — 4+ — DMSO-treated)
PpMsimwastatin. — = — = = = 4 2pMsimastain = — = = = = 4 (ANOVA with Dunnett’s

test).
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Statins | Z HMG-CoASETTlEE & fLET 57280, A2\ m VRS TA AL S5 MVAFPP,
GGPP, squalene, ubiquinone, isopentenyladenine, TN dolichol (Z & % ifi & AR -4zl
ROFFERZMER L, A1 EERREE R CIi &g AR 7 I R 2 B 537 5 TR Iz
WCRRET LTo, EORER, statins /7/E FICHEEE L72 LMS MR ClrIm &g AR 7 nfil5h s
DR S, MVA KON GGPP JFAIZ & 0 & B A e R -l s ig#br < 4u7- (Fig. 6).
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Fig. 6. bFGF, HGF, and
TGF-f mRNA expression
and protein secretion in
LMS cells to which statins
were administered with or
without the addition of
MVA, FPP, and GGPP.
(A,B) Total RNA was
extracted, and the bFGF,
HGF, and TGF-p mRNA
levels were determined by
real-time PCR. The results
are expressed as the
test:control ratio after
correction according to the
GAPDH mRNA levels.
The results are
representative of 5
independent experiments.
*p < 0.01 vs. control (0.1%
DMSO-treated) (ANOVA
with Dunnett’s test). (C-H)
LMS8 cells were treated
with various concentration
of fluvastatin or sinvastatin
for 3 days. Culture
supernatant was collected
in culture and analyzed by
enzyme-linked
immunosorbent assay.
These results are
representative of 5
independent experiments.
*p <0.01 vs. control (0.1%
DMSO-treated) (ANOVA
with Dunnett’s test).

Statins |Z J 2 I & BT AAEE R F-HIHIh B GGPP DPEABREN RS G- L T\ D Z AV S
72128, GGPP I BARG - G & 2737 ~ORREE DB G DWW TGRS 21T o 7o, £ DR, K-Ras
J2 O Rho DRIFRE~DJFHEIME T L TWAD Z L 2B H0NMZ LT (Fig7AB), £72, K-Ras O F
Wi 7T IBERF-Cd H ERK12 KT Akt DIEMEDNB LTnvd 2 & bffEgd L7z (Fig. 7A,B),
= ZCHEBRZ FPP KON GGPP I2 LW 26 DIFHE FOMERR SN D it 21T o728 2 A,
GGPP ORI 74 K-Ras, Rho, ERK1/2, } U Akt DI OfEERDGFED Bz (Fig. 7C,D),
INHDT LMD, statins 1T GGPP OFEAFHE 241 L C K-Ras, Rho, ERK1/2, &N Akt DIE
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Fig. 7. Statins specifically suppress the Ras/MEK/ERK, Ras/PI3K/Akt pathways, and Rho pathway. LMS8 cells
were treated with various concentration of fluvastatin or simvastatin for 3 days. (A,B) K-Ras and Rho levels in
the membrane and cytoplasmic fractions were determined by immunoblotting analysis, using anti-K-Ras antibody
and anti-Rho antibody. Phosphorylated ERK1/2 (phospho-ERK 1/2), phosphorylated Akt (phospho-Akt), ERK1/2,
Akt, I-xB, and B-actin levels were determined by immunoblotting analysis of the whole-cell lysate. (C,D) K-Ras,
Rho, ERK1/2, and Akt activation in LM cells to which statins were administered with or without the addition of
MVA, FPP, and GGPP. K-Ras and Rho levels in the membrane and cytoplasmic fractions were determined by
immunoblotting analysis, using anti-K-Ras antibody and anti-Rho antibody. Phosphorylated ERK1/2 (phospho-
ERK1/2), phosphorylated Akt (phospho-Akt), ERK1/2, Akt, I-kB, and B-actin levels were determined by
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immunoblotting analysis of the whole-cell lysate.

WIZ statins (2 & 2 IR BHE)Y RassMEK/ERK #%#, Ras/PI3K/Akt #%#, KON
Rho/ROCK #&HEDUNT I OHNH] T 5 2787 5721, U0126 (MEK FHEHA), LY294002
(PI3K FHFEA)., K OV Y27632 (ROCK BHEFH)Z VTRt 247> 72, & OfER:, bFGF TiE U0126

(B)

K-Ras membrane

K-Ras cytoplasm
Rho membrane
Rho cytopl

— —_— =
— — — -
— —

Phospho-ERK1/2
ERK1/2
Phospho-Akt
Akt
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B-actin

(0.1% DMSO)

(D)

K-Ras membrane
K-Ras cytoplasm
Rho membrane
Rho cytoplasm
Phospho-ERK1/2

ERK1/2
Phospho-Akt

Akt
B-actin
2 uM simvastatin
1 mM MVA
10 uM FPP
10 uM GGPP

B ——8 _ &

- —— a—
_ _
0.5 1 2

simvastatin

control (LM)

KONLY294002 (2 L 0 3R, WSS S, HGF Tl U0126 TIHRL., 2w 238 7=,

FE72. TGF-B TIT LY294002 THEAE L < HE I 41, U0126 TITETOMRELMHER LT, L

2L, Y27632 TIEWT DK FDOFE RO H s -7 (Fig. 8),
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Fig. 8. U0126 and LY294002 inhibited the mRNA expression and protein secretion of bFGF, HGF, and TGF-f.
LMS cells were treated with 2.5 uM U0126, 2.5 uM LY294002, or 100 uM Y27632 for 3 days. (A) Total RNA
was extracted, and the bFGF, HGF, and TGF-3 mRNA levels were determined by real-time PCR. The results are
expressed as the test:control ratio after correction according to the GAPDH mRNA levels. The results are
representative of 5 independent experiments. *p < 0.01 vs. control (0.1% DMSO-treated) (ANOVA with
Dunnett’s test). (B-D) Culture supernatant was collected in culture and analyzed by enzyme-linked
immunosorbent assay. These results are representative of 5 independent experiments. *p < 0.01 vs. control (0.1%

DMSO-treated) (ANOVA with Dunnett’s test).

LU EDFERD D statins 23 Ras’/MEK/ERK #2#% K Y Ras/PI3K/Akt #%# &- Hliffi| 9% Z & “TbFGF,
HGF. KO TGF-B O3H., aHETHZ Ea2mRB LT, 2D D statins 2MEB A
ISR AHERE L CERTH D et R S -, £, EBNET BT D2 —
7> MAFE Ras, ERK, Akt TH Y, SEWFTFERNS TS 240011925 XK 9 72 Kk~ —

ROBFEELSH. 1To T PETH D,
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