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EPPEARCEIF P TR 2 E -1 ivo FEAPEEH S E4 T A5t
HivB A 75 %47 £ 4k (pronuciferine) ~ #mg it o %‘r@pi ﬁﬁ: B Al A
1 B e & ﬁ? R & o B £ F fr 5 P-4 (Flavonoid-enriched
extracts from Nelumbo nucifera leaves ° NLFE)#»P«;pL | ¥ 4 K 2o ek TiE—
HIFFTE P Pl 4] o B AN LA SEA R etk BT-474 % S5
Blmie A B AR R T % % A A E NLFE &7 Tamoxifen 4k 8 4 & » 2 % &
¥ NLFE 2R ¥ F »c"f MAR B2 & 4 & > NLFE 2% sl $rd)sc % { it
Tamoxifen z_ 2 %] o ¥ » AP * LR A A 785 > 5 8EE A 7505 &
W2 IR S%dp ME¥ NLFE A€ 2 4= > Fatty acid synthase (FASN)
% phospho-ERa 4 JLE % ¥ NLFE 3| € 3 4 @ & 578 > > &7 NLFE
FEF € 1 = Estrogen receptor alpha (ERo) shgifis it & 3T "% o #75 NLFE

0 %) » Tamoxifen (2 f%H P8 B4 ™ » % % &g7 HER2 J-v ¥ & Ag F 1L
Koo phospho—HER2 » NLFE 2.0% e %2 $Fpe et 05 ™ "% > RgigE s
% ¥ P NLFE "% M5 e 4 3588 ° ERa » HERZ2 ev& i+ 2 v
#] FASN 238> &/ " a4 £ > FI P A7 S 57 gt S8 B 5 ' Ml
UEREFILEE G &
(= ) Abstract

Breast cancer is a common women malignancy tumor in many countries of

..

"JH—

the world. Over the past decade, advances in understanding carcinogenesis have
made possible the identification of the candidates of chemopreventive agents that
are being developed to hit the key molecular targets. The lotus leaf is the
Nymphaeaceae perennial herb, and its chemical composition to contain a variety
of pronuciferine and flavonoids. Flavonoid-enriched extracts from Nelumbo
nucifera leaves (NLFE) had been demonstrated previously to possess
anti-oxidative In this study aimed to define the anti-carcinogenesis and the
mechanism of NLFE reduced cancer in cell and animal model. First, we observed
that murine xenograft model also confirmed that NLFE inhibited tumor growth.
Immunohistochemical and Western blot analysis of FASN (fatty acid synthase)
and phospho—ERa show dose dependent decreased protein level. Protein
expression has no significant change in HER2; however, phospho-HER2 has been
suppressed in NLFE 2.0% treated groups , The result revealed that NLFE reduce
breast cancer growth is by reducing the expression of FASN and downregulation
of ERa. and HER2.Taken together, our results suggest that NLFE possible as a
new auxiliary therapeutic strategy for anti-cancer and used to develop a new

chemopreventive medicament.
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PRI A E L PR R ETREAAMA TR A ES
BEL DT R F]F G COEH D AT PR PR FLAIETELH AN
R o FH A IORF A FOHA 2B 2 FN45-55 K/ mr e
B E L BB AR T S QFIFL 1K 10% DT ek 4 & F
PR FERL O REY o FRE R MRS RLSRE S
Fd 2 5 FNALFELE COFEFRBPEEL 4 i85 (carly
menarche) ~ % & iF 98 (late menopause) ~ = L {1 g4 T H - LT
PR FS G - R @R FEL 20 RBLTREFAFREH
(FHEER* IR EER «?ﬁf—’aﬁﬁa—g) s PR imre e b ol piEE € 7 Hp 1S
g R ’?‘l—’—*ﬁ ; @F F1R % *brcal v brca2 > p53 > pten £2 stk11/lkbl & £ 7]
R RERTEFER BT M[1-4]
(2] 3 %Ap B 2 30
2-1 # 5% R &% & FI(HER2):Evolving novel anti-HER2 strategies
L% HER2 4 F] 2t 8 4 = 84 & #enk BF q12-q21 & #[5]> ¢ &
3765 i+~ ﬁﬁﬁi » g 1255 9=k pk 2. HER2 3-v (pl85HER2/neu, 4
L pISSHERY) » 42 p SRS 7 40 » A 5 % (N )% 28 ~ 7 %%
B e (CH)2 B8 Bt 4 % 4 £ 55 £ 48 72%(EGFR family)
SR B EEN S At £ RS S M RSES R
erbB-1/HER1/EGFR ~ erbB-2/ HER2/neu ~ erbB-3/HER3 [6]% erbB-4
/HERA[7]# 343 % 4p 012 « HER2 & & 2 fe#f(ligand) #Afed &1 »
A I AR A ALY AL e 2 £ 75 2 A (ligandless receptor) > iz H E
L3 T gd fed v X AR5 2 B OF Rl (heterodimers) # 47 & - fe A
RETHEHEL > A HERS & & g p 4 P RRE AT AR 0
HER2-HER3 #r& & % L» £ 555 cnR B EEW[8] o 58 A %113 3
(gene amplification) ¥ F-v i & % JR(protein over- expression)= & > ;¢ >
FORAEM L GRS R TR BRI 2 B > Fld ik e A F
A 2 Pz & 2517 % (cell transformation) # wm?z J i [9] °
HER2 &t 4 BE G+ X kA 5=+ 3 34 1 O MAPK #./& : HER2
¥ Grb2 fr She s SH2 %3 5% & » 3% ¥ € &2 SOS 39 % & » i&m B 1
Ras-MAPK & f= « @ PI3K & /& : HER2 ¥ 11 3 457% { PI3K-Akt B2 -
¥ AKUBIE T {5+ 7 12 Bad fv MDM2 Bk 1 i e ) nve b= i
4 ~®PLCy & - HER2 # 12 % i PLCy i&m %1 PKC» # rimre ) 4T
B3 bk R 0§ Felimse = enien [10,11] ¢ § HER2 3 1t B » 7 40
WL BEA FRAEBPE S o b P W ANRBEY > 5Y HER2ZER 41
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FR5A R 4R F 0 F HER-2 7 Gad o A 8 3 ehdg 1R[12] -

2-2 ¢¢c% X 1 (Estrogen Receptors)
veigc% % 18 (Estrogen receptors/ER) 5 F f% 48 14 i7 }3‘ PR
(SSHR/sex steroid hormone receptor superfamily)ei=t § 2. — » B L4 3
FR B o 2B AR o vpck A5 - E P12 4 (lipophilic
ligand) it ¢4 45 F] + (ligand-inducible transcriptional factors) » ¥ £2 ¥g s
FE OBRIME AP AT T AH PRI E B GRLF
ZIE A S SRR RS S o B R UP o A S G g S
Flb o PR X MWE S P PR S gt B AP M E[13] -
AP E LMY AL B A RS # A ud 3 e TR
s EED 2 o PR X - (ERo) A F) 3% 2 45 fE BF[14] -
A epek £ H-B (ERB)A FIist & v 5% ¢ WL B [15] -
(1)¥E¥c% % -0 (Estrogen Receptor o)
A gpepirr# % -0 (ER-0) mRNA & % £ d Walter, P. 2 Green, S.%
A % MCF-7 % g5t pmie o ¥ T8 I ~ T/ o H cDNA ¢ 3 1785 B %
Hre o vl 595 i phenied Fo Hopsta S ﬁﬂ%mmﬂﬁwh
BALSH R R A A iR 0§ F IR ER-a A RE guf2 A o
LB Ae Y FIG L AT RS H 4R & 17 (alternative splicing)
A2 I mRNA # 23] » BEFORE R L AFIEFHRILG § B8
ey g Mo TR P F kR 2 TLIE M PR S R ke
()¢t % % 14-p (Estrogen Receptor B)
& 7 1996 # Mosselman & * 27 & 1 @ & dpd - BATWRRF
ZREAF) > F1 L BER-aF AR > @ & L L EpgcE 2 88-B (ER-P)
S EEeped £ RE-B (ER-B) HcDNAZ 77 1593 B2 e » 7 #3813
530 Mftkﬁ-‘r?zﬁﬂ}ﬁ o 2apsta F .95 59-KD [19] ek chifl ™ 3
feft % e shcd ppike R ZRE(ER) TR A £ RMPR)HEA M E > Forpik 2
§0end E}L'&i PREd e G %R 0 hipie 2 ¥ (follicular phase)E B 0 @
B gt 97 g9 (ovulation) B 11[20] » &t % Sk ppged XM OA R E B R
S 4 Sa o [21] 0 AT T0% T R B 0 R MR Y g rp R
4 amt, J(ER) » e igdt s 4 9§ 2/3 14 Tamoxifenis B it i 71 B ¥ x
M oA EILVEEE X %"'(ER)m)]% A 98 5 5-10%% Tamoxifenis % 7
3 /T& e ERFE AL gt fipops A 0 B MR 2 1 e > 4 KGR gl o T 1S gk
wE SR o @ ERIEME s A RIRE 2 o s iR b otk S A R
PRSI R S LS
2-3 g 95pc & = fF (fatty acid synthase, FASN)
FASd @ BHEM e X BHEM? 773 BaE 1% $8290%
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Feengrd (5% > i fidede? o Ho 3 52 272kDac i dapk & S s
(fatty acid synthase, FASN) ¥ #-z fiif iz A (acetyl-CoA) frp = fie#i fis
A (malonyl-CoA) #% 4% 5 5 {717 & (palmitate)> ¥ it £ S #FhEse? - B £
Berfr R A AR AOFRI R T E AR FFLL LS o Y
ARERF G d BAHTORIET B Mo L5 T 4 1 FASN
FPRAESHwEY FEREAR A AERAD ¥ o o At K
#9375 FASN it fr 4 2 A ¢ Z @& BT s o 7t
Fpmre P TR LA R ABE o Bl R o TG AR
B e it ie R 0 FASN 2 it B { EE LA E R o

Nakamura % 4 §1% L4 2 8% ¢ BED] LI K TRAE R L DRl
FASN § + £ £ Ienfi2) & &5 & ¢ % FASN thi LB i e
HIpf8 8 55 54 W B[22] > ¥ ¢t > Porter % 4 4% tissue microarrys
4 47 FASN 7% e p 8P mé“ﬁi‘%{i%« PEARAR REFR T 38.8%
e ductal carcinoma ~ 51.0% 77 primary invasion tumors ~ 50.0%
metastatic-distant ¥? lymph node-breast carcinoma 3 % FASN % & # I
(FASN overexpression) ©  4& %+ 5 % IR ER & HER2/neu % % &
#§ ¢ FASN e £ 2 5 HIF[23,24]« § 2 rdp > f 2 RER
e § ¢ 0 B 17 AT i~ HER2 4 £ 47
(MCF-7/HER2) & §_% & %4 ER % HER2 = ¥ % 5 lm s (BT-474)
P g IRE 3 FASN ehg R AR @ b i himie ¢ % siRNA ' i<
FASN 14 LR 7 3 e Pl B 4 ehie % [25] 2 2012 & b= 5 47 1 2 E
3% (Mollugin)¥r4| HER2 £ 711 & % £ 2 o 078 3 78 {r i 0% o
52 k= § 3% 528 £ HER2/AKY/SREBP-1c B /% » i& @ [ 7 FAS A F]én
H[26] °

[3] FE2Z ¥R A %

47 L4 ¢ Gaertnero - & { East Indian Lotus » i # Lotus » # < 7=
T TE ARSI K2 - Ea R ¢ WE P AR
FERGT G A iAW MG R GFERAD pAG LR TF L
S B A RAT AT FEE ER - Se T - hEARIES Y
LA R R R A SR

paviri mE Z F AL fdk ¢ 4odF E dk (nuciferine) ~ N-2 7 j7 4k
(N-nornuciferine) ~ o-4 ? j7 & #& (o-nornuciferine) ~ 2+ = % & (anonaine)
ME42-d& (roemerine) ~ 17 # todk (armepavine) ~ N-7 2L =+ g 2 4%
(N-methylcoclaurine) ~ i = & & (pronuciferine) ~ 4§ ¥ # 4 (liriodenine) %
2 § 4544 (dehydroroemerine) [27]% % o e F» ¥ Z4F iV 5 T F
At J7 ¥ 3 (nelumboside) [28] ~ oligomeric procyanidins * # fi4 % ~ £
FLL [20,30] 0 112 M2 A C YR fE S R AR B S
P~ F BB - v oh s BEdg S MY gL A 3]0 07
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(flavonoids ) % 2 - d& (alkaloids) o f& & = & {13 4ol -

W R, “T )
uu\/ R.OL“ f =ks

J
=~ | 7 3
X HO X
Nuciferine:R =R,=CH, Armepavine: R=R =R,=CH,
N-nornucife-rine:R=H R =R,=CH, N-methylcoclaurine:R=R,=CH, R =H
Anomaine:R+R,=-CH, - R,=H Roemerine: RI=R=-CH2- » R2=CH3}
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()3 HBEP

CEE R IRE 2 SRS ERRE Y - o SRS SR
FOERESESRG DT KROTF 75%F 5 ERTHE PRH[32] > iHd FH Ik
T+ ER e 5B BE E MV ERY > RF EL mid > JI* e
*lﬁER}”“Hﬁﬁﬁmﬁ’%%m%%%m&iﬁﬁiﬁ“%
AT 20%:05 R F B & 4 W HER2/neu v > & Lag R F A
@@iﬁﬂ *t 50%:4 - HER2/neu % & i R & § b pFs 43
ER+[34] - HER2/neu i & % T+ 37 &7 F a4 250058 A 4 it}
B @ AF e ER fr HER2 s a2 B ALF 5 inf A 2 Fuibenh 5] > g p
fihd P poa arard o FIR R SR S R T R A
RIOE® S8 8 KR SoR > 3 #FafRE » E4p5 £ &
- Tge § A F A5 R ER &2 HER2/neu 2 7 B S > i s
B AT a"fs ER ¥ HER2/neu & i% 4;‘_m§jrhﬁ,§»n , :i&—ja L
AN REARZ PG TE- HRFERRIBFSFES S LG R
X R 4
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PRFEAEAESTFERLE A ET A R RGPS S A
FIFRE 2 LT LE N BB R A SR B T iR F] AR o
BERSENARAE oL AV EL DT K o

T)FL 22 H2

5-1 # ¥ % i 3 34 (NLFE):h#l %

Bip Ul E R PR A 20 54 1000 F 2 hs Sk B 4T T R 0 Sk KB

ek o m 5380 C 4 % o i A R A S T lé—?’—\z'ﬁfa\‘?l""'% °?5€'B-§ RS T 4

ﬁ;#‘fﬁ-é— ) fe B A PR FES ﬁ]%J\:‘T%# o B R MmN F M ITLFESR

bk S e en g kR R % F £ 022 um filter i85 ) ©

5-2 e p e 1t &

LR R e RBTATA kAP S RAIEETHAFFRERE ALY
(BCRC)°BT-474 #2 % **Dulbecco's Modified Eagle's Medium/Nutrient F-12 Ham
(DMEM/F12)# - # i RBCRC# 1% & 2_ 32 & 1% %) 7 e 2 mM L-glutamine ~ 1.5
g/L sodium bicarbonate ~ 12 2 10% fetal bovine serum (FBS) » 32 & 443K %_5%
CO " 37CenZif By  Rfpwie 2 R R TH {HEBRTR -

5-3 w2 3 H3F% (Cytotoxicity assay)

H#-5U R v BT-474 (5%10% cell/well) 32 % *+ 24 well culture plate » 4c » 7 ik
A ANLFE (0.25~ 0.5~ 1 ~ 2 mg/ml) A2 24 | P > B B £ (3
NLFE) » # » #7032 % A fvMTT (0.5 mg/ml) * & 4 -] B= > # “,% BARA
PAMmMEERLEDN s AL 563 nmT P ek E gt oo

5-4 & * g%z (Western blotting)
-4 KT 5 dn v 2 2x10° cell/100mm dish® 4e > 3 F % e ik B NLFEAJZ
4 ] FFis > MPBSitikime - X o YT B e o 4 %RIPAbuffer v 2 Fd FoR
ﬁiﬁﬁ# rHlA > A4CT BT 21 PF > 4CF i 4w 10,000 xg > 10 4 48 0 % B
Fi J%Trm’ﬂf EHs g P o 3 &-70C o B2 & 2 whole cell lysate » 4c -k
AT E TR 0 IR qﬁ'- dv o~ 5 123 B Al (loading dye) 0 R £323 > 12 100 C
b 10 A4 > £ AUiE B0k > KE{5 i (FSDS-PAGE » % R {5 #0 B )
R DA R TBS buffer/&i% > 12 5% blocking buffer>t g © 1 -] p¥
T > f b — spiflifos spl (v% > G {54 ~ECLE Y > X108 iR R -

5-5~ # 4 H L5 R3E% (tumorigenic assay)

d WP H e ¢ S~ 5~6 i 2. BALB/cAnN.Cg-Foxnlnu/CriNarl #g44%
Rox 258 vsgr e 2S5 E 0 A HpHEEEERE  BE
1A £ #E 5% 2 0.5% NLFE ; Cle > & # £ #% 2 1% NLFE ; Dl » #4 ¥R
i 40 mg/kg Herceptin; Ele > % 3 4B %2 1 mg tamoxifen o * 5 & 354k &l -
#H oAk BEBRR Eﬂ@wm""’k KAkZ o FERER - EREBARLAIR
HER2/neu? ER 3-% 14 #f 4 i fm ¥ $kBT-474 » 2+ & ‘7% 7z e 10 cell/0.1



ml PBS » 54 TR S AR B S b 2 LT R ia k0 BB tw e 3 6 S - i o
%L eF AL LS 3 A E 2 NLFEA & > T.@gﬁfwi -y e
gt 2 <o) o B A NLFEZ o p (& Bk 353 X34 18 15 % )kt ds
P BHBAEE T A RATLF o

5-6 EE.%:)?;E“J*? F2 44
ERREL > RE PN R e 10%45 5 +h® B2 53 485 Fhis 1
TBA% K » %20 ~ ¢4 » & :t&—g'_%ﬁ\« *7 % vl fresh xylene 27¢ 2 4 45 0 £
F 12 100% EtOH &=72 2 » 43 1 =x » 95% EtOHZ/¢ 2 » 45 1 =x » 2 PBS (0.01
M PBS, pH 7.4 )24 2 A~ 451 = » & * PBSfie 1 3% H,0, (P § 10% MeOH) **
F R T RE 30 A 415 1 PBSRE 3 =0 fie W blocking solution (BSA 20 mg/ml,
0.1% triton, 3% 77) % £ T f£%* 30 & 4> 14 PBSji% 3 =t » v/ primary antibody
wERIE* 12~16 - FFis » MPBSi{E | A 4% 2 =t » £ 4c » secondary
antibody>* /g T £ % 30 4 458 M PBS/i%» £ 4 » ABC buffer (avidin-biotin
complex) ** T F J& 30 & & > PBSjie 3 = - £ * DAB (DAB 5 mg, 12
Wl HyOp, 20 ml Tris) >t 87 & 4 3-10 4 4518 v dd HZO‘}%‘}% 1 »4gx 2>
£ * hematoxylin% 10 481 1 dd HoO 7jix > {8 %72 *% 100% EtOH 2 & 48
£ 2= fgstxylene2 A 485 2 =t 0 *txylenek % 4L w0 1Y permount
e b FR P (24x40mm) HF e

5.7 Bt A 4%

#7753 invivo £ inviyro 2B EA T R B T
one-way ANOVA 1% 5 5Lt &2 47 > = p<0.05 pF4& 7 5

¢ H
—=h lm“\
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\
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NS

()RR
6-1 & 3 #5 {2 450 By 3 2%
% 42 3= NLFE 2.7 it ;a sepr | et £ B A PE R

AKEF R et BT-474 cnid S b do i 4 £ s BRI s 6 H A 4 Ry

WA (s 0 sk 8 7 FAlE 2 NLFE ¥ Tamoxifen » #.% NLFE %> "%

AEZPEod BEE A¥BREY S HEBEELLAE L @ kS

0.5% NLFE s %) iﬁ‘;' ¢ MR R AE G p ol endg o A 4 2.0 % NLFE 4 8

TV UP R “":fvr’#l”ﬁ}%’ £ ¢hi5p 4 o & & Tamoxifen % %) g2 #X *6

ek it #»P%F ;;75 2.0%NLFE€&% R E T TETE NN
E

“

fe
# P NLFE & § #rf% 2 £ 2 i 4 (Fig. 1) -

REAPY L2 &%ﬂ%bs?ﬁ’wr%?”ﬁ AR R Fn B B EE R
& NLFE 4 & chifiR ™ » 4 IR & in 7 FASNE § 8 © 5484 © ERash
ix%éé%ﬂ’%JNHEZWBﬁmwjiiﬁﬁw?hg%ﬁﬁw&%
P e f«?:"‘f%f“ ;@ fephospho-Era*"*ed = 6 > ¥ jbii #BT-474 'm
% phesigy o H mee ¢ 403 BRIk 4 40 0 4 8 NLFE 0.5% hie
ORI ;};%LERaserll8 thim e P PRI B0 @ Ak SNLFE 2.0% 9



e W) > Jk ZERa serl18 enimPz ¢ g %07 4 ’%ET‘FNLFE FEF ¢ i #ERo 0
Fife it % LT % (Fig. 2A) « HER2 4 3t i it » 8 ML §RRET
7% NLFE 2 % b'L’Tamo><1fenff’?ﬂLF‘{v" AR RT R A EHL  Ra o
phospho —HER2 té. 5 %4 & . ) ",% T NLFE 2.0% ‘%] £ Flrd]2 ¢,
H 18 e w29 PR ot Qnm - ﬂ’i %;' :z % (Fig.2B)
- A AP & 3 B B2 247 & NLFE EJL T 4k BV R F-v endg ib o
2% &7 "% NLFE &£ 2 3% 2 > FASN eh& 5L & 5§ ¥ NLFE 5 #| &
W 4v @ BB 0 o ERo B & NLFE 2.0% e s P 5 % 3| Frd|, 2 penle n] &
¥R E o H Fed 4 R AT kg ¥ % it ; @ phospho—ERa % ¥ NLFE #| &
Z K4 HARZRNEZF " o NLFE /R ¢ i = ERa g it £ 31
T '% o #3 NLFE % %] > Tamoxifen % pT4 & 2 4p v ™ » & % 57 HER2
v T aE Ak FH; Ra o phospho-HER2 » “‘T‘ 7 NLFE 2.0% ‘2% 5 X 3|#r
Flzooh B chle B2 PR e gt P AR e ¥ (Fig.3) o
6-2 NLFE 5 % 0% 2_ & {p] 25
SO A SE 5 P tR BT-474 A2 0-5 mg/mL 2. NLFE » 1 % 24 | &
s I MTT 2 wPe & [p|3di2 gLz BT-474 'm%e 35 i) o B 5 BT o
=i 24 ) PF{s » NLFE 7 i pldrd)mre 4 £ 50%c® £ 5 4.25
mg/mL (Fig.4)e #* i . % % _NLFE jk & 0.5 mg/mL~1.0 mg/mL # 2.0 mg/mL
BT 208 e Rk 2 A AT o
6-3 & B EhiE
AP Pk hmre BT-4T4 £ S fEnd  H iR idsh cni & o L k-
bm ¥ o d2 NLFE 24 ) pF 18, » 47 BT-474 30 % it o 5 5% &g 1% ¥ NLFE #)
B2 % > FASN en& s ¢ ¥ NLFE % £ 3 4v @ 2075 > - ERa & Her2 &
HRe g H3d 4 IP&F’KEL B E i ; a phospho - ERa % phospho-HER2
"% NLFE #| &2 s+ > H A M I P2 > > &on NLFE /2% € & = ERa %
HER2 eriph i £ 3T "5 o S gt 2 % 4 & ¥ 3P NLFE "% K5t g eng 4 &
#HEp " HER2 2 ERa s i+ 2

(=) 3t

PR RGBT A FEA XS R RESDE - T BT IR
BRBpF 4ol 2% 2 ST g2 A5 oA L R AL FE AL
PEEAL S £ T Afgf o p e kR REL G RGBS AL LD
T > H i B0 3G F e E sk (pronuciferine) ~ 3 1t P FAER fr E 0 3F
ST RE mjfnga FAE R LA (36, 3]0 5 B AR KL
s ’;‘Iﬁjfﬁ—r Bodew g oomind o] BB B g iaAr 8 e ehy ”ﬁﬁfﬁ“
[35] %'»Pﬁ: /ﬁ”’“\ﬂ”?iﬁ B foiB AR 0 B R AT T g 4 [38] ’

«f"*’ L d Bk 9 E2 TG foF VR4 2 #x[35]
FER v ks Tiae ity B s gt Ay
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FEZERRIPFT T ERLAMZE FIRA s i dng 8w a4
GTmo E@ESSG A FERIBS fé.i%%? R A R 2 TR o St fraﬁs;f;a
REAWE Y AP KRB R e i R EF o NLFE /2§
RirdlE s k> A LA CERLS 2 F 3 g% S ¥ EP NLFE
S e 4 B E R ERa g it o

Lo o 4p 3 NMU < BRI S8 g 4R 0430 5 Lﬂﬁuﬁf’p’ A RA4 25
SRR L S 2k o (L R C ER R i an b L tete m 39] E
g2 IHC S S Apin(Fig. 4) o 5 ApM < prdp HiTek F P 2R AT
‘”ﬁ'\ PR )5 15~25% € 23R ERo & 2 a5 % ? 5 A2 70% ~ & %
JLERa ° %51 ERo ¥ HAEF mpenwF B4 ifi— B L& chd § o FASN i ¢
BB g kA 'b‘_:f“ﬂ]"\-ﬁ%ﬂfr—* AR LR X LR SR i TNCEEE: ik R oL
FREFTE > A A BAF eSS E ] MAPK/ER 33 40 2 E2 4
B 3-v Her-2/neu (erbB-2) oncogene % cyclin-dependent kinase inhibitors
p21WAF1/CIP1 and p27Kip1[40] La AR B Ty 5% 8 I NLFE 435
i PISK/AKt B /2 > 2587 7p ik & 2 A Rk »vﬁm CR S A
K ARG Y ’;‘Iﬁlﬂ NLFE #t*t ERo 2 HER2 srgifiz itk fi 5“7 5 >
e %t HER2 30 #Mfr@g g ¥ £ £ - # 7 4p ! » HER2 & 1 i‘a%c TR R L £
o~ fiF fi #’ & FASN@E::«IFL» B ¥4 HER2 34 - iEm BEE T PR an
4 E[41] 2% %F finvivo % invitro ? » NLFE £z 9 i 43 #r ] "R o
+ *NLFE *% x*&;;%;’pm* £ £35 1 ° ERa 2 HER2 /% i 2 $r4] FASN £
> Flgt NLFE 7 * 5 i* BRI 4 B8 Fiqt jp 2 #4 oc o

k%‘

()53 e
McPherson K, Steel CM, Dixon J: ABC of breast diseases: breast
cancer—epidemiology, risk factors, and genetics. BMJ: British Medical Journal
2000, 321(7261):624.
Pharoah PDP, Day NE, Duffy S, Easton DF, Ponder BAJ: Family history and the
risk of breast cancer: a systematic review and meta-analysis. International
Journal of Cancer 1998, 71(5):800-809.
Key TJ, Verkasalo PK, Banks E: Epidemiology of breast cancer. The lancet
oncology 2001, 2(3):133-140.
Baselga J, Norton L: Focus on breast cancer. Cancer cell 2002, 1(4):319.
Popescu NC, King CR, Kraus MH: Localization of the human erbB-2 gene on
normal and rearranged chromosomes 17 to bands q12-21.32. Genomics 1989,
4(3):362-366.
Kraus MH, Issing W, Miki T, Popescu NC, Aaronson SA: Isolation and
characterization of ERBB3, a third member of the ERBB/epidermal growth

factor receptor family: evidence for overexpression in a subset of human



10.

I1.

12.

13.

14.

15.

16

17.

18.

19.

mammary tumors. Proceedings of the National Academy of Sciences 1989,
86(23):9193-9197.

Plowman GD, Culouscou JM, Whitney GS, Green JM, Carlton GW, Foy L,
Neubauer MG, Shoyab M: Ligand-specific activation of HER4/p180erbB4, a
fourth member of the epidermal growth factor receptor family. Proceedings of
the National Academy of Sciences 1993, 90(5):1746-1750.

Zhang K, Sun J, Liu N, Wen D, Chang D, Thomason A, Yoshinaga SK:
Transformation of NIH 3T3 cells by HER3 or HER4 receptors requires the
presence of HER1 or HER2. Journal of Biological Chemistry 1996,
271(7):3884-3890.

Olayioye MA, Neve RM, Lane HA, Hynes NE: NEW EMBO
MEMBERS'REVIEW: The ErbB signaling network: receptor heterodimerization
in development and cancer. Science Signalling 2000, 19(13):3159.

Yarden Y, Sliwkowski MX: Untangling the ErbB signalling network. Nat Rev
Mol Cell Biol 2001, 2(2):127-137.

Yu D, Hung MC: Overexpression of ErbB2 in cancer and ErbB2-targeting
strategies. Oncogene 2000, 19(53):6115.

Nagai M, Pacheco M, Oshima C, Brentani M: c-erbB-2 DNA amplification and
mRNA expression in human primary breast tumors and its relationship to other
prognostic factors. Cancer Biotherapy & Radiopharmaceuticals 1993,
8(1):29-35.

Evans RM: The steroid and thyroid hormone receptor superfamily. Science 1988,
240(4854):889-895.

Menasce LP, White GRM, Harrison CJ, Boyle JM: Localization of the estrogen
receptor locus (ESR) to chromosome 6q25. 1 by FISH and a simple post-FISH
banding technique. Genomics;(United States) 1993, 17(1).

Mosselman S, Polman J, Dijkema R: ERJ: identification and characterization of
a novel human estrogen receptor. FEBS letters 1996, 392(1):49-53.

. Walter P, Green S, Greene G, Krust A, Bornert JM, Jeltsch JM, Staub A, Jensen E,

Scrace G, Waterfield M: Cloning of the human estrogen receptor cDNA.
Proceedings of the National Academy of Sciences 1985, 82(23):7889-7893.
Green S, Walter P, Kumar V, Krust A, Bornert JM, Argos P, Chambon P: Human
oestrogen receptor cDNA: sequence, expression and homology to v-erb-A. 1986.
Greene GL, Gilna P, Waterfield M, Baker A, Hort Y, Shine J: Sequence and
expression of human estrogen receptor complementary DNA. Science (New
York, NY) 1986, 231(4742):1150.

Iafrati MD, Karas RH, Aronovitz M, Kim S, Sullivan TR, Lubahn DB,
O'Donnell TF, Korach KS, Mendelsohn ME: Estrogen inhibits the vascular



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

injury response in estrogen receptor a-deficient mice. Nature medicine 1997,
3(5):545-548.

Porter JC: Hormonal regulation of breast development and activity. Journal of
Investigative Dermatology 1974, 63(1):85-92.

Anderson E: The role of oestrogen and progesterone receptors in human
mammary development and tumorigenesis. Breast Cancer Research 2002,
4(5):197-201.

Nakamura I, Kimijima I, Zhang G, Onogi H, Endo Y, Suzuki S, Tuchiya A,
Takenoshita S, Kusakabe T, Suzuki T: Fatty acid synthase expression in Japanese
breast carcinoma patients. International journal of molecular medicine 1999,
4(4):381.

Porter D, Lahti-Domenici J, Keshaviah A, Bae YK, Argani P, Marks J,
Richardson A, Cooper A, Strausberg R, Riggins GJ: Molecular Markers in
Ductal Carcinoma in Situ of the Breastl 1 National Cancer Institute Cancer
Genome Anatomy Project and Specialized Program in Research Excellence in
Breast Cancer at Dana-Farber/Harvard Cancer Center (CA89393) and Johns
Hopkins University (CA88843); Department of Defense Breast Cancer Center of
Excellence Grants. Molecular Cancer Research 2003, 1(5):362-375.

Zhang DH, Tai LK, Wong LL, Chiu LL, Sethi SK, Koay ESC: Proteomic Study
Reveals That Proteins Involved in Metabolic and Detoxification Pathways Are
Highly Expressed in HER-2/neu-positive Breast Cancer®. Molecular & Cellular
Proteomics 2005, 4(11):1686-1696.

Menendez JA, Rubinstein W, Lupu R: Inhibition of fatty acid synthase (FAS)
activity reverses tamoxifen resistance in Her-2/neu-overexpressing breast cancer
cells. In: AACR Meeting Abstracts: 2005; 2005: 1198.

Do MT, Hwang YP, Kim HG, Na MK, Jeong HG: Mollugin inhibits proliferation
and induces apoptosis by suppressing fatty acid synthase in HER2 -
overexpressing cancer cells. Journal of Cellular Physiology 2013,
228(5):1087-1097.

Eischen CM, Kottke TJ, Martins LM, Basi GS, Tung JS, Earnshaw WC, Leibson
PJ, Kaufmann SH: Comparison of apoptosis in wild-type and Fas-resistant cells:
chemotherapy-induced apoptosis is not dependent on Fas/Fas ligand interactions.
Blood 1997, 90(3):935-943.

Fulda S, Debatin KM: Death receptor signaling in cancer therapy. Current
Medicinal Chemistry-Anti-Cancer Agents 2003, 3(4):253-262.

Mayer B, Oberbauer R: Mitochondrial regulation of apoptosis. Physiology 2003,
18(3):89-94.

M Chinnaiyan A, Dixit VM: The cell-death machine. Current Biology 1996,



31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

6(5):555-562.

Herr 1, Debatin KM: Cellular stress response and apoptosis in cancer therapy.
Blood 2001, 98(9):2603-2614.

Hunter T, Pines J: Cyclins and cancer. Cell 1991, 66(6):1071-1074.

Halaban R: Melanoma cell autonomous growth: the Rb/E2F pathway. Cancer
and Metastasis Reviews 1999, 18(3):333-343.

Kashiwada Y, Aoshima A, Ikeshiro Y, Chen YP, Furukawa H, Itoigawa M,
Fujioka T, Mihashi K, Cosentino LM, Morris-Natschke SL: Anti-HIV
benzylisoquinoline alkaloids and flavonoids from the leaves of Nelumbo
nucifera, and structure—activity correlations with related alkaloids. Bioorganic &
medicinal chemistry 2005, 13(2):443-448.

Lin M-C, Kao S-H, Chung P-J, Chan K-C, Yang M-Y, Wang C-J: Improvement
for high fat diet-induced hepatic injuries and oxidative stress by
flavonoid-enriched extract from Nelumbo nucifera leaf. Journal of agricultural
and food chemistry 2009, 57(13):5925-5932.

Huang B, He J, Ban X, Zeng H, Yao X, Wang Y: Antioxidant activity of bovine
and porcine meat treated with extracts from edible lotus (Nelumbo nucifera)
rhizome knot and leaf. Meat science 2011, 87(1):46-53.

Lin H-Y, Kuo Y-H, Lin Y-L, Chiang W: Antioxidative effect and active
components from leaves of Lotus (Nelumbo nucifera). Journal of agricultural
and food chemistry 2009, 57(15):6623-6629.

Ho H-H, Hsu L-S, Chan K-C, Chen H-M, Wu C-H, Wang C-J: Extract from the
leaf of nucifera reduced the development of atherosclerosis via inhibition of
vascular smooth muscle cell proliferation and migration. Food and Chemical
Toxicology 2010, 48(1):159-168.

Chan MM, Lu X, Merchant FM, Iglehart JD, Miron PL: Gene expression
profiling of NMU-induced rat mammary tumors: cross species comparison with
human breast cancer. Carcinogenesis 2005, 26(8):1343-1353.

Alo PL, Visca P, Marci A, Mangoni A, Botti C, Di Tondo U: Expression of fatty
acid synthase (FAS) as a predictor of recurrence in stage I breast carcinoma
patients. Cancer 1996, 77(3):474-482.

Jin Q, Yuan LX, Boulbes D, Back JM, Wang YN, Gomez-Cabello D, Hawke DH,
Yeung SC, Lee MH, Hortobagyi GN: Fatty acid synthase phosphorylation: a
novel therapeutic target in HER2-overexpressing breast cancer cells. Breast
Cancer Research 2010, 12(6):R96.

(1) &=~ % H



NiTE (%)

3000

2500

2000 A

1500 A

Tumor weight (mg)

1000

*k
™
500 o *x
0 T T T T T
05 1.0 2.0 T

0.0 am

NLFE (%)

Figure 1. NLFE suppresses tumor growth in nude mice. BT-474 cells were
injected subcutaneously into mice. At 28 days after injection, mice were killed by
cervical dislocation and tumor were collected for analysis. (A)Representative
tumors from each group dissected at day 28. Tam, Tamoxifen. (B) Densitometry

analysis of tumor size for each group. Data are shown as the means = SD. **, p <
0.05.
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Figure 2. NLFE reduced FAS, ER-oand Her-2 expression in inoculated tumor
with BT-474 mammary cancer cell in nude mice. (A) Characterization of
BT-474 induced tumor cell lineage by H&E and immunohistochemistry stain.
Excised tumors were fixed in formalin and embedded in paraffin prior to
preparation for IHC by standard methods. Each target protein was detected with
respective antibody. (200 x) (B) Quantification of FAS, phospho-ERa / ERa and
phospho-HER-2/HER-2. The graph represents mean values of three independent
experiments, and error bars represent the means = SD of these experiments.
*P<0.05 compared with the control. The three independent experiments were
significantly different according to a one-way ANOVA.
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Figure 3. Effect of NLFE on the protein level of FASN, ER-a and Her-2 in
BT-474 human breast cancer xenografts nude mice (A) Tumor whole cell extracts
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(50 pg/lane) were separated on 8-10% SDS PAGE followed by Western blot analyses.
Each target protein band was detected with respective antibody. B-actin was used as
an internal control.(B) Quantification of FAS, phospho-ERa / ERa and
phospho-HER-2/HER-2. The graph represents mean values of three independent
experiments, and error bars represent the means = SD of these experiments. *P<0.05
compared with the control. The three independent experiments were significantly

different according to a one-way ANOVA. C, control; Tam, Tamoxifen.
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Figure 4. Cell viability of cells treated with NLE. 5x10* BT-474 cells were treated
with NLE under different concentration (0,0.5-5 mg/ mL) for 24 h. Cell viability was
analyzed by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay. The result represents an average of four independent experiments = SD.

* P <0.001, versus corresponding control.
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Figure 5. NLFE reduced the phosphorylation level of ERa and FASN in BT-474 cells.
BT-474cells were treated with various concentrations of NLE for 24 h . Whole cell
extracts (50 pg/lane) were separated on 10% SDS PAGE followed by immunoblot
analyses. Each target protein band was detected with respective antibody. B-actin
served as the internal control. Data are representative of three independent

experiments



