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Purpose: The isoflavones in soy are likely to contribute to
the historically low incidence of breast cancer among Asian
women that consume traditional diets. A possible role of
isoflavones in controlling the expression of cyclooxygenase-2
(Cox-2) has not previously been explored. In this study, the
ability of the isoflavone, genistein, to regulate the expression
of Cox-2 in breast cancer cells was evaluated.

Methods: The effects of genistein and NS-398, a Cox-2
inhibitor, were examined on the expression of Cox-2 at the
mRNA level using the MDA-MB 231, and MCF-7 breast
cancer cell-lines.

Results: In the MCF-7 cells, the Cox-2 mRNA could not be
detected using RT-PCR. In the MDA-MB-231 cells, NS-398
and genistein were found to inhibit the Cox-2 mRNA ex-
pressions by 50 and 35~40%, respectively.

Conclusion: These studies suggest that dietary isoflavonoids
may contribute to the prevention or inhibition of breast cancer
by inhibiting the Cox-2 expression. (Journal of Korean
Breast Cancer Society 2003;6:277-282)
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cyclooxygenase (©]3} Cox) &49] W&o] AdzZ e H
A Aol v ALE BRuHI oW, AspirinZ}
2+ non-steroidal anti-inflammatory drug (NSAID)Z A}-&-3}
o] Coxd W3S AdAFoZH ¢ WA N E Z4AAZ
T A9 BuE3 I Cox= Cox-13 Cox-29 F 7}
A1 9] isoenzyme®] BE|7F EA 3 60%] FLT 71w
D5 2 UTh(24) Cox-12 AWelA BFHoz T3
Ho] A A jkg-& 2Hshe 98-S b= d HI3) Cox-2
proinflammatory agent 5ol 23] W& o] F7}5 o] Ay
o] Wgsty whgo #Aqst) Cox2+=
flammatory cytokine, endotoxin 5ol &J3l F A EAA T
&o] §2E™, 3] vascular endothelial growth factor (VEGF)
A FEAZANA Bt G o] FEFEAYTH 2
A Aot AL Aok dAEG) A6
(7)) ARAAL® AFH©O) SollA Cox-29 FAF7I7H
B, A5 M AgolA Cox-29] wdo] %
AEHARAFTAE, +3 W 757F, 988 8, A 35
4 MRS Tt 2A A EASHA St

F b Tk (10) ©]= Cox-29] FEdlo] ek A
shube] B QIAEA 9GS @Fsta

AAHES TGl A Cox-27F Hdst=
o] selective Cox-2 inhibitor (NS-398)9} genistein®] -fr
AE Fol A9 Cox2 mRNA #do] HlXe &%
AT EAAY WS (RT-PCR)S ©]&3514 Bla sl
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wo gl AF 2ol F Fol ¥ isoflavone phy-
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1) MEcia
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Cox-2 mRNA 238 974 A== B7] g8 &
Z MCF-7, MDA-MB-2312 3 A 2528 oA 4319
i, B4 e AEs 38 1 ozl A AT+ mam-

W 9% sl A

l:ﬂ- 01— Aﬂ 3

a1
moplasty = Al 4 £ZH O

3.

2) MlzHeF 3 2= A2

A4 g A Zel A9 Cox-2 mRNA #HE& 543}
71 938t mammoplasty & Al 4L AN % 24 1
em’E collagenaseS 33+ digestion buffer 10 mlo] ¥
F 00, MBTINA 1647 B BAHAL, 24 FrE
< A7A F 1,000 rpmoi 44 HE]'E}O# "‘%Qﬂ% A A
st A AHE AEZE 10 ml HBSSE F/3F & thA] 1,000

rpm3}o] YA B E]Ul- MEBM (Mammary ep1the11a1 basal
media, Clonetics®) 2.2 244171 & ksl vk 59
A\ fibroblast % myoepithelial cellS A|A3}7] H3) trypsin
02 12} A e, F53 mammary epithelial cells®]
SRE 8 1047 MFS A& 598ttt MEBM
o7 wYgde wesgth. 10719 MCF-73 MDA-MB-
231 f AEE 47 12709 60 mm v FHAIO) BF
S & 12A1ZF vkt Th M EY Fge gl &
9 kAol NS-398%} genisteing ZtZ ©E

(control, 1um, 10pm, 50um)ZE, NS-3983} genisteinS &
gsle] 24zt ©FE2 %% (control, 0.5um, Sum, 25m) * 2
2 o sAT AT 394 A e @
3l 594 HBSSE 23] A3 % RNAZ FZ34th
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Fig. 1. Optimization of RT-PCR of Cox-2 mRNA with regard to
the amplification cycles in MD MBA-231 breast cancer
cells.

Hj A o2 MCF-72 RPMI 1,640 (with L-glutamine and
NaHCOs, R8758, Sigma®, 10% fetal bovine serum)©.Z MDA-
MB-2312 DMEM (with 1000 mg glucose/L, pyridoxine-HCI
and NaHCO;, D5546, Sigma”™, 10% fetal bovine serum)< A}
f3t90H, 7tzte) &L DMSOO o} AL&35t).
Fx7L 365°C, 5% COE 3T

3) AXNA-ZE S AHMELS(RT-PCR)

(1) RNA FZ: wjtd A|XZHE 2] RNA FF2 TRIzol
reagent (GIBCO BRL, Grand Island, NY, USA)E ©] &3}
Al = ATt vl gE A EE PBS (GIBCO BRL, Grand Island,
NY, USA)Z 33 A& 3 1.0 ml9 TRIzol reagentS ]
3+ & chloroforms F7}5}a] DNAS @A 2 HEl AA|
RNAE FZ3F & isopropanolE ©]&3to IAFAIZ G
74¥ RNAE 75% ethanolZ 23] A Hsta HEzA7 &
diethylpycocarbonate (DEPC)-treated distilled water2 2} 3] 4]
AT FEE RNAY =9 7S 17195 B35
37 (Amersham Pharmacia Biotech Ltd, Cambridge, UK)Z
o] &3t At
(2) PCR Bt229| =& BIE37| &el: C
ol A 4**4 ‘%‘}%-’?7]%
of| & RNAZ RT #A & &3] dojAd cDNA
= FkS-F7]2 PCRS F3stth ¥HEF71= 20
3)5E 33 HACE 413744 FPstdth 2 A3 303
= o] RE3F7|2 AR s A th(Fig. D).

(3) RNA AZXAKRT, Reverse Transcription): Takara
RNA PCR kit (Takara Shuzo Co., Ltd. Shiga, Japan)E ©]-&
St 19u1 RT-master mix [5 mM MgCl, I1xRNA PCR
buffer, 1 mM of each deoxy-NTP, 0.125 M oligo (deoxyth-
imidine) primer, 1 unit/pl ribonuclease inhibitor, 0.25 unit/ul
AMV reverse transcriptase]9} 1pg A RNA (diluted in
DEPC-treated D.W.)E &33td AA F37} 20 ) =
= 3}4 thin wall PCR tube (Applied Scientific, South San
Francisco, CA, USA)l| o] RT Wj7}x] oA WYzhAl
Z . RT+ Thermal Mastercycler (Eppendorf, Germany)Z
o] &3lH o™, Hk-S programe 42°Coll A 30%, 99°Col A 5

Cox-29] PCRZ}A
913}7] $5) MD MBA-231 cell

Table 1. Sequences of oligonucleotide primer

Gene Sequences Size (bp)

Cox-2

Forward 5’-TTCAAATGAGATTGTGGGAAAATTGCT-3" 305 bp
Reverse 5’-AGATCATCTCTGCCTGAGTATCTT-3’
B-actin

Forward 5’-AGCACAGAGCCTCGCCTTT3’
Reverse 5’-CTTAATGTCACGCACGATTTCC-3

697 bp
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i a8 4°C7tA ¥4 & 22+ sample PCR W] 714
20°Co A H#3F AT

@) Zet5ALHZFZS(PCR, Polymerase Chain Reaction): &
Aol A AFE3EF Cox-29} p-actind] Th3+ oligonucleotide
primer2] ¢ 7]4 € (Table 1) GenBankE F3lo] Ao
BioneerAKSeoul, Korea)oll & 2] 3}$3t}. B-actin mRNA ®F
2 Uy YA EZT 2 RNA F5E9 AHEE v
371 98 AR&3Sith. PCRE PCR kit #| ZAKTakara
Shuzo Co., Ltd. Shiga, Japan)9] Aol uw}z} A]dPs}$ L,
A 20 PCR mixture= 2.5 mM MgCl,, 1x RNA PCR
buffer, 20 pmol gene-specific primers, 0.5 U TaKaRa Taq<}
4] RT product® 2= Atk ¥HE-2 95°Cel| 4] 3&71]
initial denaturation step & 95°ColA 30% <] HIAS 303
WA 7] 3L, 64.6°Col A 302 Z12]al 72°Col A 30%, 72°C
oA 5& T WA F 4°CAAM wtRF P HF 9t
SAHES 2% agarose gel (Q-BIOgene, USA, 0.5XTBE)S ©]
&3to] 100 VE A719F & F A9 FZ sk A Cox-
2 : 305 bp, B-actin: 697 bp] bandS &2l Th

(5) Densitometry: PCR products®] bandZ Densitometry S
o] &3ty X839, 23E Bio-1D (VilberLourmat,
France)S ©|-&3to] B4ttt £ A7 F 43 w54
S AA819.0 1, one-way ANOVAE o] &3lo] EA A
st P < 005¢ WE frojgk AR=E AAFAT

4 ot

Semiquantitative RT-PCRS ©]-4-3+ Cox-2 mRNA T3¢ H]

Cox-2 inhibitor

A
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—
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Fig. 2. Cox-2 mRNA expression in MCF-7 cell line.

I MCF-7 % MEFNXME Bactine] 2d
ROt Cox-2 mRNAS] @ Q1A ¢Fo} gL
genistein®]] 3t cox-2 mRNA A H|nE & F gt
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Fig. 3. Cox-2 inhibitor treated group. Semiquantitative RT-PCR of
Cox-2 in MDA-MB-231 cell lines and relative density of
RT-PCR product of Cox-2 transcripts versus internal
control B-actin. N, normal mammarial epithelial cell; C,
untreated control. Error bars represent the SD (n=4).
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Fig. 4. Genistein treated group, Semiquantitative RT-PCR of Cox-2
in MDA-MB-231 cell lines and relative density of RT-PCR
product of Cox-2 transcripts versus internal control B-actin.
N, normal mammarial epithelial cell; C, untreated control.
Error bars represent the SD (n=4).
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Cox- 2 inhibitor+Genistein
N C 0.5 5 25 (uUM)
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Fig. 5. (Cox-2 inhibitor+Genistein) treated group, Semiquantita-
tive RT-PCR of Cox-2 in MDA-MB-231 cell lines and
relative density of RT-PCR product of Cox-2 transcripts
versus internal control [-actin. N, normal mammarial
epithelial cell; C, untreated control. Error bars represent the
SD (n=4).

(Fig. 2). MDA-MB-231 +3¢F Al£3F9] Cox-2 mRNA &
dulae A GBS FIIEIA ¥ E2TS 12 sho] of
B, I vusigon A T
Cox-2 mRNAS}E H| a3} T}

(1) NS-3982 23k et Al
2 gjz2Fe vl 50%2 AAE
9] Z7}d] W} Cox-2 Ed JA=
ok th(Fig. 3).

(2) Genistein® 2 A 2] 3+ F-1Ft A EFo| 2] Cox-2 &
2 tixzTol vld) 35~40%2 dAE B Ao, genis-
tein®] F=9] Z7lo Wl Cox-2 &d JA 9 Aol H
o] A ¢k 3ATHFig. 4).

(3) NS-398%} genisteine 217} 12 52 A2 F1
A Sl A 9] Cox-29] &H-E 38~45%9] AAE HHA
, 2% oFE9] 25im FEOA B it el A9
o] -3 JAEHE B It} NS-39837} genistein
7 dEAE S 7] HadA EderES Asade
Holx egkton, 247 25im =R EHFES A
3 247t 10ym TEE @507 g3 F3e] nluld

A atelE HolA] egtth(Fig. 5).

Fol 49 Cox2 W
H‘}iolﬁ NS-3989] F&
9|5 Ae]7}k 1ol A
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e A AAZHeE g oF B F 3] 19]

£ AASAN, ety Z7EAR A5 3 9 H”g/]
A3 HA Hls| 1 APFES A A
Sk aspirin®] Y sulindac®} 22 NSAIDs<] /\]-3-
o RS AFEE BEAUGE BT o5 ¢ BA
A9 Cox-29] ZFH8&7]74 3 NSAIDsS o] &3 Cox-2 &3
AT F3 ¢ WAL Ao BT BAlo] EopAT ek
Cox-2 L& F7h= ALEE okdz} #HAgh6) AS(?)
AR ©) #AFAAt© 28 %“J%!‘(ZIM]HE Hi
St e I BARE A2 2 24T
Wit} obge Ao v 2 A WS A Wy
ATk HZY 7Y S ﬁ?lgi BAA FoR

2913 4758 4ol
13]-. Genistein> Fol] &

41

A sh= soﬂavone phytoestrogenﬁi AEHe=z 39 A4
%o e UE AT AP AY Fe 28 4

A gk Aol FHaste AR EEA
Kel(12) #A9 et 'rro"c} WA Eo] gre o
2 AFHRA Aole AdFolgt 5T F Ak B AP
1= 1) Cox-2 inhibitor & genistein®l] 2]3F FHt M EF
(MDA-MB-231)°1 A1 ¢] Cox-2 mRNA & JAS H w3
o, $gygty AFES2 s'oﬂ S genistein®] &3}
=2 Adgstazt 9o ™, 2) E3F Estrogen &84 24
Qe A et Z]L % Tamoxifen 5 %% o]
EstrogenA]| /\]-394 a3t Xﬂ?}ﬂﬂ A0l o]¥ Estrogen
A4 24 i AEF MDA-MB2319] Cox-2 d
oA AFE iﬁﬁ Estrogen 84 &4 8¢ SAtolA
o] e A oz EHO=2A Cox-2 inhibitor
isoflavone phytoestrogen®] AH& 71548 A|otslaz} &}t

Cotterchio 52 IA-thZ+ AT1E 53 NSAIDse| &
fo] Fatte] WA S 24% TAA YL RAFER L
™,(I3) Hartis 52 &A@ Cox-29] LHAAZ
oY EAS HAaAFATA Baustal ok =T
Alshafie 5& Z37} ZX5E HoA AIEES E3lo] A
Q] Cox-2 inhibitorS E-&A|Zl A9 39 FI7} A&
AT BsHGith(5) Cox-29] & 24 71d& d#al
A3} A FEAEAL 22]an oF AIE9 Holid -l #ofst
© ZoE A" d@N 84 FHYY 4G

Ao Fagh 9&S st AU 84 F el
VEGF= Z %A EoA Cox-29] @& F7iet A 4o
BAZE = AL Yesth6,17) AAES] A AT
ANNE gt 2ol Cox-29 VEGFE Hrpdde &
AstH oz o vk AABAE BAT(U0) Cox-2
inhibitor®] @AY A= B i dPo=, A
EAZ 9] Cox-2 inhibitor?] celecoxib T2 dA A7 &
ZNI A EES] o] FHH-3(migration)S A TTIL RS
t}.(18,19) 3+ It} wHH Cox-2= proto-oncogene Bcl-2
o] ES F7HA71H, Bel-29] o2 hA| o A A}
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EF0AM Genistein0ll 2l5F Cvclooxveenase-2 &
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Cox-29] #}t}# 8 o] metalloproteinase-2E E3IA A T Y
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A g e} ot oW EaTE U £ US HoE A
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43} estrogen
A 8}1L,(22,23) protein tyrosine
d3Fd mitogenol] 2]3l A E = tyrosine
AeetA Hol FdSA AAl A&
A ZAE AR A&t dH
Fave} oF o] S AAAZ
E_xj} DNAS} RHI7}Z ZAFES doA
topoisomerase—IIP»] Z}ﬁg A et A EZAEALE {2t
e Hu% Qth(26) Cox-2 inhibitoro] &3+ ¢ A A
714 0] genistein®] 7]ojo] gt AF= & vk gloy
o| 3} e B FAlo]| whEW genistein®] A
A, AEZAEAL F- 5 5 Cox-2 inhibitors} F-AFSH 2H-&714
= ¢ F Utk AAES ATl HE FEde A
WA RETE B eejuete] e AFSAAED Fol
t}&F9] isoflavone phytoestrogen©] ?J’v!E]Oi NI IF ge-
nistein®] &<t F o] tidt Ee £ Z3) genistein?]
gt 72 Cox29A4l 747} A& ? Aes 7R A
A3tA = Atk @A oF A AA Cox-29] 2H&-7]H o] &
A3 Cox-2 inhibitor] A 7150 YFHoz AxH
I 3len, 53| Estrogen &4 WY #4219 Xg5dM=
QA e Bxsistey B AN As 3
Estrogen 2.1 o] A|gt= o] glof o]y g Sajol Al -3 o
3 G359 oW 2 X EAE Cox-2 inhibitore] 2 -£9]
gosttta AzZtEth B Aol MCF-7 3 X
X E Cox2 H&E & F AT AAH Cox-29 &
Fale] g} Ay ztEtth webA Cox-2 inhibitore] 7%
o Bl A HZo] EHeEA oAFe} A7
ZHg 5ol aelEoopgity. & ATl A
2 inhibitor®] NS-398H.T}= Cox-2
AT HA 3 Cox2 T A E B
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