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Screening of Anti-cancer Compounds Originated from Filamentous
Fungi (Monascus sp.)

Yeong-Min Sin', Hae Ryoun Park, Won Gun An*
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In this study, we investigated the antioxidant effect of extract from Monascus pillosus, on the human wild-type
p53 and p21 expressing A549 lung epithelial cell line and MCF-7 mammary adenocarcinoma cell line stimulated by
NO. P21*%" was identified as a gene induced in senescent cells. It is a cyclin-dependent kinase inhibitor and has
been shown to cause cell cycle arrest and apoptosis. While p53-requlated stimulation of p21 appears to be central for

the permanent growth-arrest, the role of p21 in p53-triggered

cell death is unclear. Low dose of sodium nitroprusside

(SNP) induced the development of senescence associated with increased expression of p53 and p21 in A549 cells.
Inhibition of p21 transactivating activity requires high level correlates with the amount of p53 necessary to cause cell
death. Association of p21 and p53 results in inhibition of p21-stimulated transcription. This requires a higher p53 level
than is necessary for transcriptional activation of endogenous p53-responsive gene but correlates well with the level
of p53 necessary to cause cell death. Exposure to W-1 inhibited oxidative stresses-induced senescence-like arrest,
resulting in a significant reduction in p53 and p21 steady state levels. These results suggest that p53 and p21 play
a central role in the onset of senescence. Thus, it is important to emphasize control of oxidative balance in tumor

prevention and aging.
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Monascus pillosus HRQFS 2I8lal Alg cast extracti=

gl ye
difco AL} HES AHESI M, UHE A E R 2 sigma ALER
B 78It Sodium nitroprusside (SNP)& sigma Al A&
g AlE3519 o, uhA Y} E& 2 gibco BRL (Grand Island, NY)
ARl dulbecco’s modified eagle medium (DMEM)&} fetal
bovine serum (FBS)E AMEZ8IRICE

AEol AMZE A549 ME (p53 wild-type human lung
carcinoma cell line, ATCC CCL-185)2} MCF-7 MZ (Human
mammary adenocarcinoma cell line, ATCC HTB-22)7= ATCC

(American Type Culture Collection, Rockville, MD)ZHE] F¢

5IEL Penicillindl} streptomycin & antibiotics= gibco BRL A}
9 HEZ Al85I9ict.  Dimethyl sulfoxide (DMSO)2}

bromide
9

3-[4,5-Dimethylthiazol-2-yl]-2,5-diphenyltetrazolium
(MTT)= sigma AFZEE] 18181 21, formaldehyde &

Ul AIEE HE AU A2R0 EFA0HE ALE5Irt
2. fFOl wheF Bl ujekiel &

‘@"“ AR TFEE (F)elo] Q04 Bapulol ALREI
o} wiekE RIokd AREE BAIERYEER yeast extract (2%),

glucose (0.5%), KH:PO; (0.5%), MgSQ, - 7H0 (0.5%), CaCly

(01%)1. 204, 30CollA] 59 =0t HOFWH BHeFod (100m)&
ddEeicle] A HUAOE EEI 7, slgHG ethyl
acetate(100me) 2 33 RE3A ethyl acetateF5E &SI DW.

= Ppm?_*%’*]i ZAskA /\]%‘%Xal% BHECt

3. M) Epne

A549 A
100 units/mé penicillin, % 100 mg/ml streptomycin®] FHF%
dulbecco’s modified eagle medium o BFAIA 37T, 5% CO;
Bl 1014 SHEIBIZICE A& 239 TAOT TAF T HE
7} Br& (confluent growth) FQ1S u) WX & 28] AAS! &,
dulbecco’s phosphate-buffered saline (D-PBS, Gibco BRL)Z 13]
AIABHIL 0.25% trypsin-0.02% EDTAE Aglold MZE 2715}

Art

E MCE-7 W 3EZ 10% (v/v) fetal bovine serum,
1=

4. Western Blot Analysis

SNPojl vhSshs FUAN wd #slE BE61 96l
western blot analysis& A5} Western blot analysisZ ¢
Bl whole-cell pelletsZ R O] Z&HEM 5040 (1% Triton X-100,
150 mM NaCl, 10 mM Tris-HCI (pH 7.6}, ¥ 5 mM EDTA)S
H7rele] 4ColA] 1087 BRI Tzl s HEeisidict. chi
el

r“ 10

&'t bio-rad assay (Bio-Rad Laboratories, Richmond,

O A
CA)E ol8slol HESICE 8¢9 559 thiE S sodium
dodecyl suifate (SDS)7} ZEEIE|o] Qlt= polyacrylamide geio] 4]

H71Y 55193 1L, polyacrylamide gelol] nitrocellulose membrane
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D}~ x}g}xﬂ (p53 p21 Oncogene- 11,0008 #EHet B3Ae
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5. AlZ=4EY
SNPo| thSl MZEHYETHE MTTHY O T Babigct. 2
REZ 3x10* cells/mS WEZ 96-well microplateo}] 200u
BREFl 24417 BOF 37C, 5% CO/95% air ol Al HiQFSHALY.
SNPE 0~640ppmo] T2 Alxol H715Kd 24417L, 4817 &
Hze dEgs SH0IErh
MTT solution2 5ng®] MTTE PBS 1miol =1 & 0.2m<)
syringer filter 2 ZEIGie) DMEM WA 2 108K 3438k Al&3d)
SCt WAl ggslg 1400 zﬂﬂé}ﬂ MTT solutionS 10040 &
7VEld Yol SYUE plateE 4 & 37 TollA] 4417 HHSA]
7ch I8 a}m MERE 100 WAL DMSOE 1004 2
ofal AoflA] 2027} shakingdt & ELISA readerZ 570nmS}
650nm2 TiAolA] HEEEE SFSIHCL o] 3T T MIT/
Aol o5 SRIE RS LIERIM Z} wello] Exjghks ME A
E4o} HIEgt

6. Fluorescence-activated cell sorter (FACS)
SNPoll O3t M Z2] DNA contentZ E21517] Y38l AE
E 6-well plateol] Aol 24A17HEQE 37°C, 5% CO»/95% airol 4]
HlFSISAEY. SNPE 10, 20, 100, 200, 500ppm2] =& 24417},
48117 F0F Mgl & M2 E Eeloiditt. 2alet MEE Y
g2zl AHEE PBSE 28] $AIS Ui, 587 APHE 70%
o tsE TESIECE LFo] Bt & Y4l2E] (1000xg, 5%2)5}
o 348t MEZE propidium iodide 88 (100ug/m¢ P, 100ug/
né RNase, 10ug/mé 10% NP-40)22 Gaglo] FAMZE A E7|
(flow cytometry, Becton Dickinson, FACS Calibur, France; PI
detect : excitation 488 nm, emission 585 nm)Z E15IC}
7. DCF-DA assay
DCF-DA  (2°,7"-dichlorodihydrofluorescein  diacetate

H,DCFDA, Molecular Probe, Eugene, Oregon, USA)E DMSO
off =0|1 H&EsT71 20uMo] HAE PBS (0.0IM)E 31413153
Th ME= 6-well plateo] 4x10* cells/welld] WE T wHFSHL
ROS £8g ¢Ia 37T, 5% CO; incubatoroll A 3087} vhk3H3
Ch A BRI ZolF I Qg SAIT] 5 SNPE Aelshe] 1641%F
HHQKSIGTE 12] 11 PBS (0.0IM)E 33 $=Agld sl RS Al A5}
1, FBSHE confocal microscopyE ol&3dk wrEuba
485nm, SHIFE 530nmoflA] BEBFIFITE

4 3

1. p53, p21 U NF-kB9| 45 AHE
p53 B 1 target |RAW) p21 E4WG, NF-xBLo]
correlation & 0% factors] hypoxia®] BHHE S 7THSG] $l3)
SNPoff Sl S8 A TdEAe EHE
2 ZARISCE (Fig. 1). p53Y level SNPQ =
500ppmol A HEE LIERIA QKT 2 S5 (1,000ppm)
olAE= 343 £7151990h Adherent cell 29 S48 Zas
SNPQ toxicityoll 2 cell death® ZAME BHZXICE p219]
level2 0~100ppmzTolAE A48l 71607} 200ppmo] &)
9 sRolME AasE H-E}LHEL QUrt. SNPO] 571 &714
= NF-kBY] level® =24 715199t

western blot analysis

=7} 20ppm~

« pB3

‘ — p21

+«- NF-xB

A B C D E F
Fig. 1. Change of gene regulating aging or apoptosis in the A549
cell. Acontrol, BSNP (20ppm), C:SNP (100ppm), D:SNP - (200ppm), E:SNP
(500ppm), F:SNP (1,000ppm).

2 NEEdan

SNPol| tfet MZEHdadsE MITHS olEs6ld the
oSt MEEE A Ui YESG Table 1, &‘ Fig. 2, 30l
WRATE. SNPoll thal A549 Al Zo MCF-7MZE= 559 l{
EHOZ MEZHFH US0] BEFUTH MCF-7 A Z 9]
 1CxQ) BTE 24417 mEA] o 260ppm, 48A17F E
155ppmo]33i 1L, A549 A E9) FP ICxS) sT& 24417 _‘r_é/\]
OF 270ppm, 48A17F t& A] 165ppmoIHLE SNP Azl &=
=M giks MCE-7H 27} AS494 Zo] Hr} 37 1/}\3}1(}5}-

Table 1. SNP-induced cytotoxicity in the A549 and MCF-7 cell lines
as measured by the MTT assay

Cell lines A549 cell MCF-7 cell
Conc. © Viability (%) Viability (%)
SNP {ppm) 24n 48h 24h 48h
0 100 1000 100.0 1000
25 937 %4 938 871
5 911 305 905 86.2
10 934 956 895 01
20 894 875 865 880
40 80.7 778 814 748
80 768 738 74.1 579
160 715 525 61.0 497
320 436 296 441 235
640 388 205 344 176

- 673 -



=y

12¢

100

90
<

[
=

Viability (%)

Is
=]

~
<
4

—

=

0 28 5§ 10 20 40

MMA (ppm)

80 160 320 o640

—a—24h —o— 48h
Fig. 2. Cytotoxicity of A549 cell treated with SNP.
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Fig. 3. Cytotoxicity of MCF-7 cell treated with SNP.
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3. Fluorescence-activated cell sorter (FACS)
SNP7} A9 DNA skof ofd gakz nlxl=A] =Hels)

7] A8t FAME AESVZE AZF7E BasISEet (Table 2,
3). SNPE A8t MCF-7 A 22} A549 Al EollA] MZ 2] GITHA

7} BAF 716160} AS49 M Z 9] AL SNPS 200ppm] =%
Z 2407 MEIoki e Wl thET Bt G @A 7Y 17%014 &7
BHE 1, MCF-74)329] H 0= 7% ol& B716IAth oltist &
TH= SNPo] MEQ] GldA o arrestE U O7|= AYS & +
AL

Table 2. Cell cycle distribution of A549 cell treated with SNP at the
indicated concentrations.

(A

g L2 Conirol 10 00 100 A0 50
Gl 5888 5167 539 6041 613 612
S 031 484 B % 084 1359
o 08 BB B2 1945 1307 2475

(B)

o EO ot 0w w0 2050
51 6826 6964 T34 ToM 514 782
RN 1R 1046 072 168 731
& 983 181 1603 1% B8 143

were sbiamoc by ﬂow cytometric analysis of propidium iodide-stained cells at
Al anid 4803 of treatment Datd dre the resulis of one exprimert representative of

- Hiahed

SRl

Table 3. Cell cycle distribution of MCF-7 cell treated with SNP at the
indicated concentrations.

{A)
NP(ppm) . o
Stage Controi 10 50 200
GT 4751 4260 4957 5519
S 25.39 2654 2147 18.04
G2 2746 2976 26.36 2267
(B)
NP{ppm)
Stage Controf 10 50 200
G1 62.20 6344 7138 69.45
S 19,97 2626 16.25 1762
G2 18.05 1344 12.58 1310

Results were obtained by flow cytometric analysis of propidium iodide-stained cells at
24n(A) and 48n(B) of treatment. Data are the results of one expriment representative of
three.

4. SNPQ] MlZ=Mol 2lolA] antioxidant G}

Oxidative stressesoll QI8 M|EQ| =2}, 18|l agingd} &
HE FARES wE QS Monascus pillosusol| Al FEHE
|83l0d western blotting 2 245I94Tt (Fig. 4). M2E G171
off HEEA B1HA] pb39) A |SHARIZIE & p219] levelo]
E715196 1, p219) &S FEdhs ps3g) level L 571811
o} o7l FENE Aelshd sTol wiet levelo] 7‘-&_0}92“3
o, ZEA] 557t 200ppme F o= A HUYUHE 35
HQC £ SNPE AzIS Mol pb32l OrEErt AaHE
Aol ol FAXE geidl p219) da s AsEArt

O

A B C D E

Fig. 4. Expression of p53 and p21 on the A549 cell. 549 cell was
treated with SNP and extract for 16h. Whole cell lysates were prepared and
subjected to Western blot ana\ysws for p53 and 21. AControl, B:SNP (200ppm},
C:SNP + Extract (10ppm), D:SNP+Extract (100ppm), E:SNP+ Extract (200ppm)

A B

Fig. 5. Effect of extract on intraceliular ROS generation. intraceiluar
peroxide production was measured using the oxidant-sensitive fluorescent oroke
DCFHDA with confocal microscopy. A<Control, B:SNP (200ppm), C:SNP + Extract
(200ppm)
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5. DCF-DA assay

SNP7} 445t NOoll oJa] ROS7F REERAE 7hedg &
QIBI1 ]o}Oﬂ DCF-DA assayE 4AIGIHT} (Fig. 5). Oxidative

sl AliEulo] ROSE 44sls ASE 7
I2 R 28 ATISKETt ROS 2kl 98 WA 29
DCF g9 4712 ¢ = AN ROS g4 £=2M
3&5—5]174 SNPE X%Elol&?ig = DHX—TLJ/} Hlu_ﬁloq
%

%

o

TEY, 1Y, ALE, AT U S HE B
sutolxlol ola) E3hi 2 Sh o 5

bl
43, BEg, gxsliHE § ket g &yl 2olo
T} A oA ZYglo] MAHE T Q)E ROS (reactive oxygen

species)i= A 29| 2HE FFAE Q% Qo] = kol
Aol olojr. QIZHE HIESH /I g o]85h= WHAQ thAt
= ASERIEY] dsolH, o] BE & AAE HeHOR Q
Tok= MER A= superoxide radical (O2), hydroxyl radical
(- OH)&} &2 =ZZ|i|Z & HIESH hydrogen peroxide (HOy)
& E44I4E (reactive oxygen species, ROS)Q] o] TEA
Ot HYAQ At Qo X-4, AQJ4, Rk 59 9
Aol QoI M) Y g tEksh AlFAE &0l 4 NADPH
oxidase, myeloperoxidaseo] Q& B2 EdLitaFo] wHigY.
3 HAE0] MEEA! o}, B3, 28 JEME &

j25ke),
Hitado] dishlE HIE0] Utk E4AEE2 449

aHlghE RIESEDoN] FMAEA A F7
Ao} o2t EHAAEE L3lE BIREdl MEAFA
(apoptosis), &, Bz, HEH, AW, BWHIS S HyH 2
Hol Y010 Z AW T Yrk BHAES MEY FHBEO]
AEY iFelE Foshil tEel ddslg fastoga a4
9l P A, ras A EHY EZ9 sl8HE HE, T2l DNA
9 E4e REECEA SHH0IE Fuslel M2 £43 o}
=0] MY 7IsZ2Zd HIE RSt 2ole 27K 4
ol YeiR] EHLAE QO singlet oxygen (102) nitric oxide
(NO), 211 NO%}t superoxide anionO] HIS3Fhd A
peroxynitrite (ONOO"), A& 415} Hdol $Hix]o] MM
OIAMY citidEol MEL&T Ao ol o]2A stk |
a2E0] Uity
B oA AS49 M E£2}F MCF-7 Al oA SNPE o] &3}
o oxidative stresses 4EE OF7] X17] &, Monascus pillosusZ
HE] £E¢H AIFE A5l M E WY oxidative stress S}
AE MAHESLEA HIEE p53, p21 18] NF-xBQ w3
SGeE ZARSHILAL BIRCE U1 Lol7ia] 1 8819 £871H 8
TS g8t W gddLl SPEEN oY His4E
Ol peroxynitrite®] Md X HMASYE HESHI oxidative

stressoll 218 @ WAl AWV YA S ABHOZ FHSILAT

O

BIATE.

Oxidative stress T 2101 SNPRIE X281 S Wl p53, p21
4l NF-kB9] level 0] £7}51%1 21, SNPE 1,000ppm =T = A
2l5IE w p539] walo] B715IHLL A7lol FEUE SAlol
Mgl &5 200ppme Wi I levelE0] IA ZAAdHE oM,
p539] levelo] A2 SNPE XZIdlA] 9ie MHE 3SFUCL
pS3 Wl X0l o WAL B4 BT E AFEY) Asked p53
9 B5 |FEAR] p219] WEHg ZTABIYTE SNPE Melgh A2
ol Al p53 uisdy} FEo] Aald 4% ol RARE LedZ
p219} Wt AolEs AESIAT

SNP= A549 A E£9)] cytotoxic effectE OF/1A1ZACE O] uf Al
2ol MEg0] AAdlen FEHe SAld H2lshE AEY
WEE o] ZE7}5199 0} DCF-DA assay 2 ROSol| 98F M| ZxH 519)
BEOIAE 200ppmS] SNPZ H2|5I9S W DCF) ko] 25
SIF L REUE A XNelslde W I ol BRIE dast
K[t ZEAHO] SNPoll 9ol == ROSY AEE SFIBIY
MEE o] HAULE FBAlTIe AE FFE 4 ULt

Oxidative stresses= ¢, HIO|ZAA, 1211 w35} Bed 2
=Y A0ICE UEdA ALer olE9 ME 7]’“’01] ek o+
€ o] 71A AHol AFA Mg A 71 RAEE A28 5
' AOITt HE3l NOSH 22 27} A 5% %‘EX]—J 44, 7\"“7“1
1 ZZo] @S 7|1ZATE B ANZ S oA bl &
& oM, /g A= 421F 7IXE Brihl ol ’7]'6
AL £ U ALE JuiFoict,

o Mo ¥= io

4 &

2 &ollAlE AS49 M o} MCF-7 Al oAl LIERIE p53,
p21 & NF-xBY 43528 & E81A Monascus pillosusol A &
3 249 M8 TS RARIGICE P21 = 15 Ao
A induction®l=  FHAE BRIEUTE  p212 cyclin-
dependent kinase inhibitoro]m™, MEF7|ollA]  arrest@}
apoptosis®] 21010} FTi LA Ut p219] p539] REAE

0] ¥ growth-arrest®] 21910] TXut, p53ollA] AJRHE cell
deatholl A& p219] &gto] EHBIA] Q2T Senescence WY & OF
718k & ©9] SNP7}F A5494 Fof|A] p533t p219] expression
9] &71eh #do] Uk p21 transactivating activity9] inhibition
= cell deathE A 2717] a4l B QHEIA = p539] it 45
Z+gohke high leveld] Qto] BQBt. p533 p219] AH#HE
p2l-stimulated transcription®] inhibitiong Zzigicl O]AE
cell death® &Oo7|7] HdlA EQI ES ol
endogenous p53-responsive gene®| transcriptional activiationoi]
LA URERORE =2 p53 levelo] Q811 25—%"”9‘ A A
23S AL ps3 T p219] £:50] SNPE Hz|6IA] LUS AL
U 48K oxidative stressesE A2 & 4 %&ir/} ol
A= £519] IEoA p533) p2lo] EQ8 HEks LI UB
o] o ZFm, oF ot} -slof] QIoIA] oxidative balanced] £ Q.
d& A FUTh

P

i

I
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