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Effect of Deep Sea Water on Cytochrome P450 1A1, Aromatase and MMP-9. Yun-Hee Shon'’,
Mee-Kyung Kim' and Kyung-Soo Nam'*. 'Regional Innovation System, “Intractable Disease Research
Center and “Department of Pharmacology, College of Medicine, Dongguk University, Gyeongju 780-714, Korea.
- Deep sea water from the East sea was tested for breast cancer chemoprevention and metastasis by
measuring the activities of cytochrome P450 1A1 and aromatase, invasiveness, and activity and ex-
pression of matrix metalloproteinase (MMP)-9 in breast MDA-MB-231 cancer cell. The in vitro in-
cubation of rat liver microsome with deep sea water (a hardness range of 100~1,000) showed a hard-
ness-dependent inhibition of 7,12-dimethylbenz][a]anthracene (DMBA)-induced cytochrome P450 1A1
activity. Deep sea water showed 27.1, 45.4 and 51.9% inhibition of microsomal aromatase activity at
the hardness of 600, 800 and 1,000, respectively. In addition deep sea water inhibited not only the
invasiveness of 12-O-tetradecanoylphorbol-13-acetate (TPA)-treated MDA-MB-231 cells through ma-
trigel-coated membrane in a hardness-dependent manner but also the activity and expression of

MMP-9 in MDA-MB-231 cell.
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Oe o o] At FHE 71 gloy, sty
ays #ed EAYAY g8 =9& 7120 HH8]
Cytochrome P450 SFETjA} EaAe AA N9l 2%
THEZD, Yoy o] & 7= oY 3=
Aol AU 43S st &9 /) Al(initiation) & w2 Al
e AL dHA UoH[5], o] ALE FoA A
M A FEN EAo] AAHH AL cytochrome P450 1A1,
2B6 % 2E1o|t}[6]. Aromatasex aromatase cytochrome
P50 EAEFAHZA FRHIATY F4E A8l B48]
Y= estrogen A9 A ZQ &Ao]t). Aromatase UH
2 &4 ST SN veun FEsHdd F83%
QLE ste Ho2 FBHULH[2] Aromatase 4 HA|
A RS T3 UG ol 2 X5 A A #alo] Eof
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ohe z7)oE Hl@A A8} 7oA S o] (metastasis)
7h 9 A EE, A 57}t oY AbgstA HoH26]. 182
2 g9 ARl YoiN & WAL T AW ohe o
APAAE AN A Hol& duste AR T3 ¢y
Hol= YA RV} 12 2202 FE TE FHY BVIR °F
SHHA dojute= AT A3 o e 2 A[20], cell adhesion}
AEL71AE Fallste e SALE 1] welr dA
¥ 7} Af(invasion) 2 ol & Y3 e HEY/E E& 7
A Ete] 77} o] Foj Ao} dH, 53] 7AW FAHREE O
& type IV collagen®] #3|7} P44 o|t}. Matrix metal-
loproteinases (MMPs)= M X 7|83 7|H & F3 st
old ER BAZOZA E4Y Yo Aold] $4F 9
gg de Ao g dElA YTH10]. MMPse A Z ol &
%739 proenzyme®] FEHE YAHHAT AL o2 £H
B F 222 e 24 o 548 B0 93 EE ofd
1} Zgol 2o 93 &4E e ™, embryonic develop-
ment, normal tissue remodeling, growth, wound healing®}
o] ITH25]. MMPs7t epbd e | Alel 4 2ol FA4
Aoz 94 Ram, PAEY 34, A8, Ao, TF 52
AN T4 2 FoAMT NARY FoAE2 type V
collagen& £33 MMP-90] & Hojo] & GF& mA+e
Ao7 Ru=Ew YuH12]

NFAF5E HPRe] EFeA G 24 200 m o3
o e AEFEA I E AR F4d IYEF
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A 7 Yk ST dx|ARele] 3-8 % %
A i THE ZH0E B A 53¢ YA FTs
o] it ot 2 Ho] A aHE AHETI] Y3l cyto-
chrome P450 1A1, aromatase & MMP-9 &AJd)] njx|+= &
#g FAAT

Al o

RPMI 1640 medium, antibiotics, NADPH, 7,12-dimethyl-
benz[a]-anthracene (DMBA), potassium phosphate buffer,
ethoxyresorufin-O-deethylase (EROD), glucose-6-phosphate
dehydrogenase, ethoxyresorufin, resveratrol, Triton X-100,
Tris-HCl, EGCG, bicinchoninic acid protein kit Sigma (St.
Louis, MO, USA)¢j| 4, 1p-°H (N)]Jandrost-4-ene-3,17-dione-&
PerkinElmer Life Sciences (Boston, MA, USA)¢]| 4|, matrigel
¥} coomassie brillient blue-2 BD Biosciences (Bedford, MA,
USA)9l| A, 4-nitro blue tetrazolium chloride®} 5-bromo-4-
chloro-3-indolyl-phosphate substratex= Promega (Madison,
WI, USA)oll A +9)3} 1L, fetal bovine serum (FBS)-2 <47
Al (Daegu, Korea)A|&E-S AlE-3t4th. MMP-9 antibody
(mouse monoclonal IgG)v NeoMarker (Bedford, CA, USA)
o x|, biotin-rabbit-anti-mouse IgGAM+= Zymed (San
Francisco, CA, USA)d| A 3¢ 31591, transwell cell culture
chamber Costar (Corning, NY, USA)d| X 3t 2, 7]
B Alohe EFAe AT

Al B

2 A3 AHER A S 39 31A 1,100 mol| A
Hrstod QARG Al2Ho g 293 52 g, ¥
e AFUSF(BE 09 A7) r| =& FVlst] A=
4,000[11]0.2 =AY HFUZTE (F)HEHIX(Seoul,
Korea) 2 -8 A|Fio} g 4sto] Ao AE-sHTt

K=t

At BE F AMRY < AlE2] MDA-MB-231 A| £
= 10% fetal bovine serumo] ¥ 815 RPMI 1640 uj kol o
2 st COp Wl E71(5% COy, 37°C)l| A} v ket R 3L, vl <
23 EE 4 TR uds FUT ol Axe YA
Ao REF FACH} 2L passage HEE 717 AXE =
oM Ago) ALE5HPO 0], T AEE trypan blue dye
exclusion W o 2 313t}

EftQ] aromatase =H|
Atgo) gk 2 A2 1% KCi3} potassium phosphate buf-
fer2 A #3F 3, sucrose, potassium phosphate buffer, di-

thiothreitol# NADPH7} ¥ td &0 #2337 & ¢
AE 2] s THB00x g, 16%). 18] &5 H-& 10,000x goll A
1587 oA dAEes & 1 A vid A &

-70°Col] X3 ).

Cytochrome P450 1A1 A

7, 12-dimethylbenz[a]anthracene (DMBA, 30 mg/v}2])&
A3 g F Y 202 Y nlojARE Y £ Pholdt
Foutse] HIH[16]S o] &3t} Cytochrome P450 1A1&
ethoxyresorufin-O-deethylase (EROD) &4 0.2 ZA3{ T
[18]. %, S FH(SDA rat)ZH¥ 23+ microsomal protein
(2 mg/ml) 200 plol 640 ple} 0.05 M Tris-HCl buffer (pH
7.5), 100 pl¢] BSA (10 mg/ml in Tris-HCI buffer), 20 pul9]
025 M MgCly, 40 pul®] cofactor solution, 2.5 units®] glu-
cose-6-phosphate dehydrogenase, 10 pl®] 7]&(1 mg of
ethoxyresorufin in 10 ml of methanol)3} 10 ul9] 3} ¥4l =
TE AZEZE HA7EEY. EE AIGES F e $ 37C
oA 4&7F HF-3-A1 7131, 2 ml®] methanolZ WH§-& FZAA
ALk 2000x g4 203 B AR st A4S 3
T, 233335 A(RF-5301PC, Shimadzu, Japan)& £73
(550 nm excitation and 585 nm emission) &t} YA Z
T resveratrol & AHESH, SAUNRTOEE SRTE
83T o) AR 33 WE A¥oz sRTgom, 7
Z}o} A+ controld] & 2} A5 &9 A AEE %2
R LT

Ol

4 = I D

Aromatase &4

Aromatase 42 Thompsoni} Siiterie] W [24] HE
sl AASgT. &, 7)12[18-"H(N)]androst-4-ene-3,17-d-
ione (specific activity 24.7 Ci/mmol, 100 nM), Ej¥} vlo]=
2 (40 pg), progesterone (10 pM), bovine serum albumin
(0.1%), potassium phosphate buffer (67 mM, pH 74)9} A
BEE XIT 939 500 plE A-2olM 1023 AR
18]35 12 mM NADPHE wH3-Ho] P11 37°Col| A 10831
thA] HhEA17] & 5% TCAZ ¥h3-2 FTAZ T 1,000x go
A 1087 QA EE & 539 chloroform© 2 ¥2-A171 &
1 A=W dextran-charcoal &30 &7 & YA E 75}
1 AE A9 radioactivityE =4 s T

Mzl &N

AEe AeAe Platet S[15]9 e wystgon,
transwell cell culture chamberE o] 83}l A9t 8 ym
o] +H37]E 7}7 polycarbonate HE o 1:109] v|& = 3
A8k matrigel$ ¥ 37°Co| A 244)7F Feb AZRA A
MDA-MB-231 cells (1x10" cells/well)& matrigel2 TE}H
insert chamberol] A3} 37°Col| A 24A]7F ZoF ujjeksl



T % chamberdle Z= SHYNSZTE
RPMI 1640 H) A=, o}z chamberd] &

of T FEEAZ A 10% FBSES &-§-3+ RPMI 1640 v %]
247} 500 AL A 2)ahe] 2447 Bk Wokatsich. ul ool
Ed & 9= chamber| 9] A= A Ast1, 100% meth-
anololl & 23l membrane o} TH-E 14 A7) t}L hae-
matoxylin#} eosin Y2 FA34Gth 44 E membraned g
FATE A HslL matrigelo] EFE WL HEOE 7}Fo]
Hotd o AASE membranes Hojulo] f{ElH X
Jste] QujF s AAS L JHS Bole AE 78 54

AT

Gelatin zymography

MMP-9¢] &8 etoln7] $15ko] Huang 5[7]) w4l &
Z1 2 3te gelatin zymographyS AASH T A ¥+ 10%
FBS7} ¥3tg RPMI 1640 ujAE wjkolo gz A}g35}e
5x10° cells/well2 6-welldl] B33 H( T 242 7F v k3 &,
83 RPMI 1640 vj x| 2 3 o] 5 150 nM TPAS} 3]
FAEFTE FEEE Hlsto 4N T HH‘*‘S}ﬁD} o
3 S AE 33l A AESE O 48 153
of MMP-9 (gelatinase)?] A& FAsIHTH & A5
= 10x nonreducing sample buffer [120 mM Tris- HCl pH
6.8, 50% (v/v) glycerol, 4% (w/v) SDS, 28.8 mM 2-mercap-
toethanol 0.2% (w/v) bromophenol blue]¢} 430] 0.1%
(w/v) gelatinO] 239 10% SDS-PAGE geld] A7]%4 53t
o I % gelg 2.5% (v/v) Triton X-1000]| A 1 A|7F F<t
shakings}® 4 SDSE A A3 &, 3x S/ 4~ Triton X-100
2 AU 283 gelS developing buffer (50 mM
Tris-HCl, pH 7.5, 10 mM CaCl, 0.01% NaNs)oj) 2o} 37°C
ol A 1817} &<} shakingd} A A ¥H§-A]7] 1L stain solution
(0.05% coomassie brillient blue, 45% methanol¥} 10% acetic
acid) 0.2 30H o]A GMA|Zl & destain solution (10%
methanol?} 10% acetic acid)o.2 £ W=7} yeld w7l

A g AT

Western blot (MMP-9)

HT-29 4| Zol 4 MMP9¢] Guld wae B3] ety
Western blot& AJ8J8t3th. M E(5x10° cells/well) S 6 well
plate®] z} wello]] 24A)7F B2 7] 3o s|GA2FE A
2 A3t 37°C CO, v F7]ol| A 244171 &<t vl g3t 5 uf
A& HEo} centrifugal filter devices (30 kDa, Millipore,
Bedford, USA)Z 10v] s =38 9o vl AL 10% SDS—poly—
acrylamide gelolA] A714F ¢ 3lQtt A7|9%F % PVDF
2o g o]FAlA ponceau &AL E olFFEE HAS ¥,
5% non-fat dry milk 8¢} 0.2 3087 Ao kg3l
galaith 223 A BFA0T HAB 17 34 MMPI
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(mouse monoclonal IgGi)9} 2HS 2A17F o] AF v A FH T} ut
3°] € F Tris-Tween buffered saline (TTBS)& A}-8-3}¢]
5% tAH o2 33 A FstAtt Al&ste] 22} 34 biotin- rab-
bit-anti-mouse [gGAMS. & HH-&-A| 7] T}A] $HH TIBSZE 3
3] MAH3tdth. Al# o] #1H alkaline phosphate-conjugated
streptavidin®. 2 ®F-&-A| 71 & 4-nitro blue tetrazolium chlor-
ide/5-bromo-4-chloro-3-indolyl-phosphate substrate2 band
g 7HA 8t 7HA 3k o JEbd band ] FAE Wl s)
of @uld B4y F7 % 1 zolE FeUstATH

Zdat o sl

Cytochrome P450 1A19] &M X3 &n}

AP AL H2 dEAY FFEAY
DMBAY] 93] # =% cytochrome P450 1A1 484 YA
2 4% 2%, FZFE FEE(100~1,000)= A ]
RS 1 cytochrome P450 1A1 84 4 A &L 12~
18.0%5 e AttFig. 1).

NAEZ AL ‘:'“‘}ﬁl*ﬂ X9 B85S S7HA Ee Y
HEAE S S7HA 719, | 2EZ A tALE©] DNA adductE
&gt EdHolE ‘?4_29{:} o] SHHAH14]. 53| A 2E
Z AL cytochrome P4509)] o)&) 2F3} = C41} C-169 4 ¢
A3t oty EddolEAE HAH T Tamoxifeno] cyto-
chrome P450 &4 SAJA a7 Qo oA o] tamox-
ifen®] et a T Fas 7lFolgte Bzt UANTH22).
O4BRg2 B =Y 4829 93td SSAFFIt cyto-
chrome P450 1A1 EASA-E AA|A 7] o] 3 XL &
AZA A BdEHe] 84S AN 7Hsdo AL A
ol

Aromatase &4& HMsf &1
AbE o] ejutoll A 228k aromatased] EAJo) &) UkAl S

30 *k
-
L
o
Rs] .
5 X .
= T -
'S 1
X 10 } T
T T
- T I
0 [T 1 1

100 200 400 600 800
Hardness

1,000 RV

Fig. 1. Effect of deep sea water on DMBA-induced cytochrome
P450 1A1 activity. RV, 0.05 nM resveratrol. Indicated
values represent meanzSD (n=3). *p<0.05 and " p<0.01
compared with the control.
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7} u X a#E 2A8Yr). 2822 aromatase A 3) A 9
SN ZEF O EZE 1 pM aminoglutethimideE AF&-3}H -
O A, AYAFTFe BEYEF SR aromatase S
ANHPQon, T AHLL 56~519% AEZ UEYT
(Fig. 2).

24 e J2EZA] HEIEES FUt
NAle EE2 49A o, §3], d7AoF JdrEEA
Aopg Aol Fupeh o 3
Z3 g 2] NAEZ AL androgeno] aromataseo] 2|3t
F4ke} vhg T AAEY F3Y G F8F JEFS
v Hg G MR A AAERA §FAdd HHIe ar-
omatase®] A 7= e FPd T3 Qon.
Aromatase 84L& FHRAJME FHHJOH FEAA
ol A} ©] aromatase &4 F7}9} estrogen A Ao FHEHIUT
[19]. 1¥]2 2 aromatase A A3 AU d2EZ A9
e ZAAAA LY fEE AT F e s
7HAR glong YA SFE aromatase B4 A3
93t Y FEE gAY & S Aoz B

Mzl AEM

HENFT A2 9% MDA-MB-231 A £9] I&A ©
st #Esty] A8 AA ZIAY 93 Q matrigelz ZHH
s e AEFE FAY 2%, JHdSTY B
200~1,0008 Ha3ge W MES HHA o] 73.7~294%
2 AR Y&z ZostghFg 3). &4 o Aol
T8E BAZ 7|A%R 7|Fed e W] dojur oy
B3 oo o8 AP HTH3]. DM sFdTrE 18
FAE AEAES AENA 3L Aol e AT -

9E Aol

MMP-9 &4 3 ChiE &l x| 21
HFASrE ZEEE HY3%S W MDA-MB-231 A

80 v
Bl
60 .
| -t
.Q ik
=
0
€ 40 .
‘S
2 i
20
0 I_-l 3
100 200 400 600 800 1,000 AG
Hardness

Fig. 2. Inhibition of human placental aromatase activity by
deep sea water. AG, 1 pM aminoglutethimide.
Indicated values represent mean+SD (n=3). p<0.05
and ~ p<0.005 compared with the control.

Invasion (%)

0 0
TPA - - + + +
Hardness

| T
SRR NENINENE
600 800
+ 0+

Fig. 3. Effect of deep sea water on TPA-induced invasiveness
of MDA-MB-231 human breast cancer cells. Indicated
values represent mean+SD (n=3). p<0.05, “p<0.01, and
“'p<0.005 compared with the control.

To] Aa4ol ARYEHOZ BAFE HYOBE AT
Ag A 8ok wud Ba 549 MMPIY 843 @
94 WRo] AFAE57} vAE FEL AR Adl 2-
mography® MMP-9¢] &4]-2, Western blot®. 2 MMP-99]
g 2de 239 1 2% HFIETE A Y
& o A% 00] TPAZ A& 2Fol Hs) MMP9 24
2 gl w557 JAHYen ARYEHoR B
g Ao P29 cHFig. 4).

(invasion)¥} 7 o](metastasis)= A|¥E T3}
A, gl A Ealadc g A7 HY e a2 AE
Holo] S A= o]FA 8AES Filste B¢ ¢
9A A4 ot} 20]. Matrix metalloproteinases (MMPs)+ 20
Zo] dhld By ar7ogM AEYrE Eid T8
Zt8-g 3tH4]. MMP 442 Ao7bsAol o & YA
9] A%V} {3 MMP 249 38 FEgaA EHEHAR
tH3,21]. o]} Zo] MMP-9= M X9 7|AR 9} A4 A
Ao Foste] g E e HES FAPA 72 2[17] MMP9I
o g4 2 2 Aer} ST Ao s FaEJT
T AL |- &3 ZAE o|oA A& FadE AL

2 A9,

=i
=
b
1o,
821
o

TPA - + + + + + + + o+
200 400 600 800 1,000 EGCG

Hardness 0 0 100

A

{8)

Fig. 4. Effect of deep sea water on activity (A) and expression
(B) of MMP-9 in MDA-MB-231 human breast cancer
cells. EGCG, 20 pM epigallocatechin gallate from green
tea.



2 o

T NS TG a5 oo v|H&
kg dolH 7] 98 cytochrome P450 1A1 43} ar-
omatase ¥4 ¥ UM T HAFA, o] FHE MMP-9
ol #A¥ O @i d B m| A= FIFe ZAEIAH. 3
s AU o7 sE2AE AddA B4 A
Aoy Qo 58 FEAITle Aoz gE A cyto-
chrome P450 1A1& BEo|EH 02 AYAAY. BT 52
Z &N e o] B3 aromatased] BT
AL &H o2 AIAAHTHE.6~51.9%). S FNEF g9
o3 Abekf-ukekAl 9 MDA-MB-231 A2 9] 2§48 737
~294% % ZastH o, Az F&A FEste gid &
8l 420 MMP-9¢] 843 gl d Iis A oERog
AA AT detA g FFe FEY oA HdojaAd
o ¥ & A7 g3 FH Y o do| JAAEE 5
HE 4 Qg Aoz HQ
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