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Abstract: The extract from Lysimachia foenum-graecum
(LFE) has been known to possess various instructive charac-
ters including anti-oxidant, anti-obesity, fungicidal activities.
However, the accurate mechanism of those effects of LFE is
not well known. In that respect, we evaluated the apoptotic
effect and anti-cancer efficacy of extracts of LFE in MCF-7
breast cancer cells. In this study, we hypothesized that LFE
may exert cancer cell apoptosis through regulating p53 and
mitochondria-mediated apoptotic proteins. And this substance
can generate ROS to cause free radical-induced apoptosis.
Accordingly, the generation of ROS by LFE triggers the acti-
vation of p53 which are accompanied by pro-apoptotic pro-
tein activation and suppression of pro-survival proteins. We
determined with MTT assay, flow cytometry for detection of
intracellular ROS and Annexin V-PI staining, Western blotting.
Consequently, our researches demonstrated that the treatment
of LFE to breast cancer cells resulted in an activation of p53,
Puma, Bax, cleaved-PARP and an inhibition of Bcl-2 expres-
sions.
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A AP AEEAE S7HIA AR A4S § sl
HNEZ 7|5 9 N ZF7]9 047(1] 18] 11 apoptosisE F- = 5o}
[5,6]. Apoptosisi= Al 32 U] &]Fo A 2= 4o o3 UH
9] A& 7 A=Y, 2 p53, Bel-2 family, Bax, Caspase 5
of A= o] Qe A= A Qlt [4]. o] A F A+
ZAilof uk2H, berberine©| HL-60A] o] A AF3}A AEH A
E iAoz mEFEE=ZoLS pro-apoptotic Bel-2
family7} M| 322 & cytochrome ¢& W<51A v 12 25|
caspase?] EAJ3}E o|F o] apoptosisE FEot= A1ZE
37} 9l 7],

Tumor protein 53 (p53)-2 ZF ] A chill A =2 DNA £A4F A
BASE AL A ZF7] Gl7] oA B2 DNAE A 5H
&=t DNAY] &4o] =27 ¢b-2 74 ¢ p21= A SHA 7|1,
DNAS] &4Fo] & 7§ pS3o] 1447”* AR Z A 2510
Bel-2-associated X protein (Bax)9] W&-& =513 Bel-2 3
AL o4 A7) Ao kel A SITk. Eg Wild type p53e]
Hdo] 3] EEH A|3E Yol 4] apoptosis7} =& ™ AL/
o] A H ) [8,9]. p53 upregulated molecular of apoptosis
(Puma)= H|EZ = g|olof| A p53-dependent, -independent$t
A2 E F35}9] apoptosisE =5+ Tl A & A, Bel-x, Bel-
2, Mcl-12] BH3 motif@}2] A} & 2+-8-& %£35}¢] anti-apoptosis
A4S AA S} [10]. Bel-2 family 2] 3}ut2l B-cell lympho-
ma 2 (Bcl-2)+= apoptosis®] 40| ojsl= SHRZ A o}
£ ARARpel g Al i2F A of ol shA] Al Ao A&
%4, % apoptosisE 2 A5t= 7|5 7HItt. Bel-2&= AF3}-
2o, nEZER]oF B 9], Al W o] & E32 24 Y apop-
tosis A& A ﬁi_,] 32]—/\% 1:_,] 7]“:2.5@1 }\ﬂ = 20
2HE Hoghcha Gl ok [11]. =3 U1E%Eﬂ<>} ¢]
aF, SHuko) A4 of] EA) 5, caspase-99] /o B AT
E.9] cytochrome ¢& Z§HsE o 2] thil Z o] n|EZ =g ot &2
HE WEEe AL gt 9 Baxes v EZE g opetl]
Ar 222 =53] mitochondrial outer membrane permeabili-
zation (MOMP)& £7}A]#A cytochrome c&] W&& 5=t}
Bax: apoptosisS £ XA 7| = ¢l 2 o] v Bel-29}9] hetero-
L = homodimerg & A 24 apoptosis2] =24 of o] s}
I QITh[12]. whebA] o] 23k Tl A E 7ol 4157 = o} 2]
= 2AshE AL 4 o 9 A=, 18] 3L apoptosis =
ﬂﬁ#ﬂaﬁﬂq

2 AFoi= ofd AW aaE M YTF FEE
(LFE)Q isely 7J—Q.oﬂ xqﬁ_o}oq MCF-7 & dl-ok ;\ﬂgoﬂ/q A
EZASHZ 28 F3 FAEZ Y apoptosis = G5 o
ofH 112} 3Gl e} -4 0 &2 LFE A 2] of wh& ¢FA| 2 oA
Aol glojA] p33e] 2 HE F3t apoptosis FERIE T
QlstaL, o] 23t ps3o] LFEQ] o] w3t A-g-of ol 2d &=
A BFs| LAl skt =3 pS3of ofs) 2 E = Tl
Puma®] ¥&, 71831 LFE7} Al| 3£ 9] apoptosis &&= 2 A
o] Tofshe nEFEgof T Tl H 52l Bel-2, Bax
O] & 24 35t= 2 F3f LFES] 23t HT-29 thA¢k Al
3 0] apoptosis = MY O] AL AT HG H=E elstar
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=% 3, #%f& FEEL R0°Co|A Basteic.
7 45 22 4 FEY BAS FUAY §F

DMSO9|| =411, 20°Co] WE Rslo] AF&3}T}. Pifi-
thrin-a+= Calbiochem (San Diego, USA)o| A -3} 0,
DMSO¢] &85} 20 pg/ml stock & & THEo] -20°Cof| B3
3HA T NACS Sigma (St. Luis, MO, USA)o]| 4] SL¢] 3} 0.
o, 1 M stock & 2 Th50] -20°Ce]| 2 sto] AF-g-st ¢l

2.2. A3 Wi

MCF-7 A| 3£ America Type Culture Collection (ATCC, Gait-
hersburg, MD)oj| A} £-9F dtqF o i, 10% FBS (Hyclone Labo-
ratories Inc., Logan, UT, USA)2} 1% antibiotics (100 mg/L
streptomycin, 100 U/mL penicillin)7} 323+ RPMI 1640
media (Hyclone, Laboratories Inc., Logan, UT, USA)S A&
sko 5% CO,, 37°C 27 8tof| A B Fak et v 244 7kajck
Trypsin-EDTA (Hyclone Laboratories Inc., Logan, UT, USA)
g o]g3lo] HEE RYAHE TE g A ES 1x10°
cells/mLZ HF3}o] At) vl 3} ot

2.3. MTT assayo] | M| ZAE S &H

12 well plateo]] MCF- 7 MZEE 1x10% cells/ml 2 BF35}11 24
AlZE &SE BiFAIZ] 3 LFEE A 28t 3ith. 24417 3 MTT
solution (5 mg/mL)<- 20 uLA A 7}5}of 1A]7F 59t CO, incu-
batorof| A] ulj ¥} T MTT solutiono] &1 Q1= v X & A 7]
3} 2of) DMSOE 150 ¥ 9 o] wellof A A = formazang X
= =91 &, 96 well plateof] 100 ul¥ 24 A ELISA microplate
reader (Bio-Rad model 680, Bio-Rad Laboratories Inc., Tokyo,
Japan)Z 595 nmoj A FF=E S S 25 Al
H A 83, o]of| w2 HF 3} = 2 A= Microsoft Excel
program & | §-3fe] 343l

2.4. Fluorescence-Activated Cell Sorting (FACS)o] 2]§t
apoptosis T3

Apoptosisi= FITC-Annexin V apoptosis detection kit (BD
PharmingenTM, San Diego, CA, USA)E AF8-31o] A 31%
t}. Annexin V-PI stainingS 9] 3, MCF-7 A| Zof| LFES %%
3 (0, 10, 20, 50, 100 pg/mL)= 2 2]}tk 24 4] 7k v k3t
HEZ PBSE A|H = trypsin-EDTAR 22 TS, 1x10°
cells/mL 2] 5= A binding buffer= suspensiond} ¥t} 1
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& MCF-7 A :‘EE Annexin V-FITC2} prodipium iodide (PT)=
1557 A% &) Flow cytometry - FACS Canto (Becton-

(R e S

Dickinson Blosc1ences, Drive Frankline Lages, NJ, USA)Z &
A3to] A2 PR

2.5. FACS ¥ Fluorescence microscopes o] 43 A3 |
ROS &3

HJZ U ROS 242 218), MCF-7 A o] LFES %= 9 (20,
50, 100 pg/mL)& & 2] 5+ T}, 244] 7} 0] DCFH- DAE 10
WME | 2]slof 3047t HH Skl 25 PBSE AlH
trypsin-EDTAE 2-& t}-2, 1x10° cells/mL2] &5 of A PBS
2 suspensiond}$ith. :1 & M| 35 PBS©] suspensiongl 3,
Flow cytometry - FACS Canto (Becton-Dickinson Biosciences,
Drive Frankline Lages, NJ, USA)= EX3lo] A1}5 #-&5}
At E3F 12 well plateo]] cover glassS @ o] 1x10° cells/mL
2 BF35}o] v kA7) ™, N-acetylcysteine (NAC)S A 2|3}
308 Fol LFES A 2jahelch. BAA 2] 43 A|7to] nj2
ROS 4M4 P2+ ]3] A|7bo] wof DCFH-DAZ A 23}
o] incubationA]7] 2, fluorescence microscope (Carl Zeiss
SMT AG, Oberkochen, Germany)Z o] -8-3}o] #-2-5} 9l t}.

2.6. Western blotting

LFEE 59 & A g3l & 2447F 59F CO, incubatoro] A
i Fet ohs, T &S 9I8ko] RIPA lysis buffer {50
mM Tris-HCl (pH 8.0), 150 mM NaCl, 1% NP 40, 0.5% sodium
deoxycholate, 1 mM phenylmethylsulfonyl} = 7} wello]] 150 uL
A H7tslo] vE-g-A 7] &, 14,000 rpm, 4°Cof| A 202 59 ¥
Al B2et 3 AASHS 5t 1Y th2, ELISA-reader
595 nmol ] FY 8 S 4ote] 2 LR B e 2
A3}t 5x Laemmli sample buffer (loading dye; 250 mM
Tris-ClI (pH 6.8), 40% glycerol, 4% B-mercaptoethanol, 0.08%
bromophenol blue, 8% SDS)2} MCF-7 Al 3 of| A 231 ¢l
g Bashol BES AR5t 13 3= Cell Signaling
Technology (Beverly, MA, USA)Z Hg L¢3} 2+2}F p53
(1:1000), PARP (1:1000) Bcl-2 (1:1000), Puma (1:1000), Bax
(1:1000), B-actin (1:1000)2] == 2 HF-EA|FH o1, 22} 314
+ mouse (Enzo Life Sciences, Farmingdale, NY, USA), rabbit
(Bio-Rad, Hercules, CA, USA)E Z}7}9] == 2 3] 4 slo] Ht
-5 A1Z1 Tz Blue X-ray filme]] 73sto] 235 skt

2.7. BAAHE

A A of et 242 A =13l SPSS (SPSS, Chi-
cago, IL, USA)2] Student's -test2 7 43} ) 2 At 7= 39
o4 e] M A 310 of 1) A2 e
0.050] Ao A o7 Q0| slrta WAt

AL p<

3.3 ¥

3.1. LFE9] 9]§t MCF-7 A2 F4] A 9 apoptosis 5
L=ih 3
oF2 HI AR QL A2 F4] = AHA| 29| apoptosis7} g
SHA o] Fo A A] o= 7 ol urEWr“ Aoz dA 9l
o whebA] Al S 28-S B3 ohA| 2] FA A
9’r apoptosis 5= 7} ¢ A o] A7FA o] eh= A o] ¥ it
Aol A= LFEZF MCF-7 Al 29 Z4] o w| A= FoF=
%}O}EJ] 95lo] LFES =¥ & ] 2| 5lo] MTT assay= &
slo] QrMlze] HEES S5 Fig 1(a)o] ©=W
MCF-7 A|3Eo| A= LFEE 10 pug/mL, 20 ug/mL, 50 pg/mL,
100 pg/mL=Z 24A17F 2 8]3-S u), LFES] 5 =7} Z7}3t
of w2} 10 ug/mLof| A 96.5%, 20 pug/mLoj| A 82.2%, 50 pg/

*
*
=
I FEE
T T
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Annexin V

Fig. 1. (A) LFE inhibits cell proliferation in MCF-7 breast cancer
cells. Cell viability was measured by MTT assay. Cells were treated
with LFE 10~100 pg/ml for 24 h. (B) Apoptotic effects of LFE
were evaluated by Annexin V-fluorescein isothiocyanate and propi-
dium iodide (PI). Cells were treated with LFE 10~50 pg/ml for
24 h. *p<0.05 compared to control. **p<0.01 compared to control,
**%p<0.001 compared to control. (each experiment’s n=3)
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mLOY 4] 68.34%, 100 pg/mLol| A 56.25%2 A3 0] A3
ek 22 213 5 A9Ich kA MCF-7 249k A =
o 4] o|Ro] Qlo| 4 LFE7 512 024 0% 2 85-S 3
ZFsl gl EQF LFES] O3k oFA|Z5-4] A & 1}17} apopto-
sisof] 2|8k 1 91%] Yol 7] 9|5}e] MCF-7 | Z0| LFEE 10
pug/mL, 20 pg/mL, 50 pg/mLE 24A)7F FoF A 2|3 & An-
nexin V-PI staining2 £3}¢ apoptosis’} =5 A 25 =4
SFQIt 21 A} Fig. 1(b)ol| A9k o] LFEE A 253l o
L O] E A 0 2 AL apoptosis7} F= F|glon, o] & &
sfo] LFES] #2jo] 02 HT29 MEe] Z4 o] Fab
apoptosis -5 o] 2]k 219-& Srelak gt

0]

3.2. LFE9] 2]@& MCF-7A| 3o X 2] ROS A 4
Ak 0 2 ROS= A Zof] &35 F=ARE A o]
X+ apoptosis signaling kinase 1 (ASK1)/mitogen-activated
protein kinase (MAPK) A&7 25 E3}o] 27| apoptosisE
FHETAL A A e [13]. whekA ROS B4 S £305k=
ZERE oy 2, Al W A5 = 0] 282 53l apoptosisE
FESHE A4S ol Aol AR e Ao ATo) 7] %
7 4= ik A ATo] ©J5HA MCE-7 3 ekA ol 714
g2 A2lek e W, F=oEA 02 A U ROS7}57}st
42 DCFH-DAG A S3to] Selstglon], g =

ROSS] #40] 4] )= Z1o] 2el s vl 9lck [14]. T HT-
29 t oA 2o A Bl AaHZtEES] Ao wE AlEZ W
ROS F7}e] 98] AMPK7} &/d 3} o] apoptosis7} f 1=
Hu, -2 M| 3Lof| A EGCG A 2| F=7} 5715t what p53
I} PARP] cleavage”} U ojib= 1210 ROS Z-7}e] ogt A
9} DCFH-DA 42 %) 21218 1t 9lek [15,16]. wheA]
2 Ao A= MCF-7 M| o] LFEE A 2]8}%& o UeR
+ M54 9 A 2 apoptosis %= A 7}7} LFES] ROS 4473
3} olaro] 1€ Folekiz 1 & SRlshA} sfoirh. o] &
Q1517 18t Fig. 2(a)oll 5| MCF-7 A i o] LFEE 5 %=4(0,
20, 50, 100 ug/mL)= 24A| 7t % 2] 5}o] flow cytometric £
< &% DCFe] H&S g1gt 23k, LFEQ A 527} 5
7¥atoll ue ROS 4:0] Z7hetch AL wral i), Eat
Fig. 2(b)ol| A] fluorescence microscopeS ©]-&3}o] LFES A
23k 1A|ZE, 2A17F 29] A| 32 W ROS 440 & &¢15kaL, NAC
= o|&35to] Al Y ROSE A AN S W AH 3=
UERH QAT 2L A3 LFE 50 pg/mLE TH5 0.2 A 2|3 7o
A= A17b0] 7ol whek DCF 30| Z7kshs Ao 2 o}
ROS &l o] Z713}11, NACS 305 A %] 2] & LFES A 23}
& Alolli= LFEY] €3 ROS9| AY o] o} 4| =] o] DCFof 2
3 Wo] ghaat AL selabolcy.

fE

=1 2
7] 4 ROS scavenger?] NACY} F A €& 3 A 2|t Axt
A) A LFE (ng/ml),6 h
100 _ Population Name
+ LFE 100
80 LFE 50
LFE 20
Control
w | 60
=
=
T |
ES
20
(1]
] — —
1] ID‘ 10
DCFH(FL1-H)
i) LFE 50 pg/ml
Oh 1h 2h
+ () NAC 5 mM

DCFH-DA

+ +

Fig. 2. LFE generated ROS in MCF-7 breast cancer cells. (A) Cells were treated with 50 pig/ml of LFE and 10 uM of DCFH-DA. Cells
were pre-treated with 5 mM of NAC for 30 min and then exposed to LFE and 10 uM of DCFH-DA. After treatment, fluorescence intensity
was measured by flow cytometry system (FACS). (B) For observance of intracellular ROS by fluorescence microscope, cells were treated

with 50 pg/ml of LFE and then incubated with 10 uM of DCFH-DA.
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3.3. LFE A ]9 w& p532] #7437} apoptosis T T
9 =3
A= A E A E A S FAIBH] flske] ok oY
A, A L2 A o]l At & Q' §h, 4hehA AEg
29} pro-survival 2259 24, 181 gALSHA 7] 59 ¥
ol oyt o g /\/\ié H35317] Yot woladS
Thso] Wk [17]. & Aol A<= o] 23t oFA| o) Ap7htof
?ﬁ;’% < T 5k7] 913 ek o= M, ROS7} A| 2 Absehel Rt
Ao 280t ofu gk Al o) ARSHA &4bS gtk
3 Oﬂ FEoto] A skt olof wef MCF-7 -1 %
A3z of A LFEQ] A 2] of] w2 ROSE| 5717} A i A Eof 5
Q3 A 5t p539) EAS 2 E35}H] apoptosis = T
ol Fagt s g Aol ol skt =3t ps3of &gt
apoptosis &&= 22101 Puma®] 4 9 AL o] A& U AE
of ofst= | EF =g of iy Tl A =<l Bel-2, Bax9] &
A& gl sto] HT-29 A| 220 A 9] apoptosisE -1 5FaLA} 5}
OC‘E} e X LFES =¥ =E A7 < o p53, Puma, Bel-2,
Bax 9] & o n|x|= FoFE &Hlstr] $15ke] Western blo-
ttinge AA[SFITE L A3 Fig. 30| A9} 2Ho] LFE9] 5= 9]
FX 02 p539] &Ao] Z7lsle AL Felskirh LFEQ]
Re] o el vl & 3= gl ofof £4J3t E92] Pumats
ol Al ps3e] 242 elajol o W] ke, E
Bel-29] A ol AIAI 024 Baxe] WS $7HAI7] S
Aeio] A5ARE 2T 4 oUrks AL Bt 54
A £ A 2] apoptosis 2 5 pS32F Bel-2= 1§~ WA g
HAE 7H Ao 2 g 9lo, ps3 o 7F 2had
2 79 Bel-29] ¥ o] down-regulation®l T} [18]. T31 Bel-2
¢DNA£ encodingd} il §J+= pCR-Bcl-2 plasmid%- transfection
5to] Bel-2E 219He A) 71 MCF-7/Bcl-2 A 3£ 0] A4 genistein2]
8] 2 Bel-29] 1A, Bax, p53_—] g4 18] a1 PARPY] clea-
vageE £3 apoptosisE G0t A AT/} RaE ot
[19]. ROSE &3t pro-apopt051s_4 == A 32 9] apoptosis
= 2o QlojAl 83t 98-S Sk Bax 2| &/J 3} Bel-2

mlo

LFE (pg/ml), 24 h

20 50 100

[

Bcel-2

Puma

p-actin L

Fig. 3. LFE generated ROS activated p53 as well as other proteins in
MCE-7 breast cancer cells. LFE effects on p53, Bcl-2, Bax and Puma
in MCF-7 breast cancer cells. Cells were treated with LFE 10~100 g/
mL for 24 h. Protein levels of p53, Bcl-2, Bax and Puma were deter-
mined by Western blotting.

o] o} A| 9 caspase] B/l oA o] Fof k= A A+
o} B o15.9] A2 vjgro 2 LFES] 220 ofate] ps3
2] 31 n]| EZ =g o}9] apoptosis A A& 9_1 Puma, Bcl-
2, Baxs} -8 AT EAE ] 2Ho| o] 2ol d 4 ek A
2 selshgct.

3.4.p539) A3 e W FASE A A LFES H o
g A3 EAE] B4 &9l

p33- ASh-ghlo] TR E FAIAES BT, ol
FHJAAZRE gHEo| 7 Y EEO] BESA o) et Ata s
WA sto] Ao Abstabg ol oa A|ze] n|EZE o} 4
E450] E3lE =4 apoptosis TA o o] 24 Hr} [8,9].
o] E{z]— p5301 ﬁx]—?_]x]—i/\-] 3} ;]-J: XI—_Q__O_ 2] xﬂ o]—-‘: %;‘{j_l
ol pifithrin-o. (PFT-a)) S ©]-2-3}¢] LFEY] ©]3t ROS 27 &
gl Qloj Al ps32] & gtof of 3l °‘°PEM} =)
2 9]5lo] WA MTT assayS E3) PFT-02 W% 7183 LFE

o} A 23k glL ul o] Al AELS BRIk Fig. 4(a)
o Ao} o] o} R A A2 ekA| b v ol H|sto] LFE
A)
140
E 120 ~
€ 100 -
o
=] 80 P
=
— 60 _
£
z 407
=
= 20 -
2
U 0 T T
None LFE 50 PFT-0 30 LFE +PFT-a
pg/ml, 24 h
B)
pg/ml, 24 h
o + & + LFE 50
Pifithrin-a 30
pS3
PUMA | e i == —
Bax [ . -

Fig. 4. The specific inhibition of p53 using PFT-a reduced LFE-
induced cell death. (A) Cell viability was measured by MTT assay.
Cells were treated with 50 pg/ml of LFE for 24 h after pre-
treatment of 30 pg/ml PFT-o for 30 min. (B) Same conditions, ex-
pression of p53, Bcl-2, Bax and Puma were determined by Western
blotting. ##p<0.01 compared to LFE 50 pg/ml-treated group, ***p
<0.001 compared to control. (each experiment’s n=3)
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=AY ol A= 68.2%8] BEES YEHH oW, PFT-a T
& xg] A] 126.7%, LFEL} PFT-o. ¥ ) %] 2] Aol = 118.18%=
Urebd- S sl o] gt AYE B & p530] oAl
Ao ol Fagt TS obw, HARRJIAFZ A p532o] 2
o] AA = e Al Al 22FA) 3 B Aol 2493 H
ok &= QlQlT). 0] 9} e x4 O & Western blotting2 A A
t A3, Fig. 4(b)ol| A Uretll= A 1} o] p53-2 LFE A 2] A
S71slm, PFT-o= pS3 AHA| o] Wrd & A 8}= 2l o] of 7]
o {Zoll PFT-a.2} LFE B3 2] 2] Alof = F71He & 2l i)
3t p539] 2 AHS W= Pumats LFE @ X2 A] W& o] &
7¥s1l .1, LFES] 93 Puma®] 242 p53 o|E22 A&
£ 53l dojds & & Uth Bel-2+= LFE T3 2l of o5
Aol =] o Bax o] Wdl & 5 7FA 7] A9, PFT-a2f LFE W 24 %
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