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Change in the Expression of Occludin, a Gene for
Blood-Brain Barrier by Phytoestrogens in Hippocampus of
Rat Model for Menopause
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Abstract — To elucidate the effect of phytoestrogens on the prevention of neurodegenerative
disease in postmenopausal women, the expression of occludin which build up the blood-brain
barrier was examined in hippocampus following oral administration of estrogen (E2), genistein,
diadzein or combination of genistein and diadzein in ovariectomized (OVX) female rats. E2
significantly increased occludin mRNA level in OVX rat hippocampus, suggesting that estrogen is
a physiological regulator for structural integrity of the blood-brain barrier in hippocampus.
Following isoflavone diet for 4 weeks, there was significant increase in occludin mRNA level in
hippocampus, suggesting that isoflavone diet may be effective for protection of structural
integrity of blood-brain barrier in hippocampus from degenerative changes in estrogen

deficiency.
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Aohe] WAL 309 TR AL AL o)
wy wedell A} vhebdeh A Ho) #ake] o 50~60%
Z x}A)3} A =3} o)m A 3} (Alzheimer’s disease, AD)-2-

FA R} #7 T JAeA] 2~3u] o] b kel (Molsa
1982). u}zbr] Az = Eo) o3 Hzx9] 7)%-5dAs
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A w3yl EeA ¥ Ao wuis Ao Fodst= A
o2 FAH}(Gibbs 1998; Savaskan et al. 2001; Hatoya
et al. 2003). A AEZ A 0] X750 X ke A7
Mg 244 B ARAE FRE AAADEA o4
g A3t ARH oz AAMES 75E 2H3A
1} (Gibbs 1998; Savaskan er al. 2001; Hatoya et al. 2003),
A AR AAAAAA AP A AAS A5
(Toran-Allerand er al. 1999), 2] Q] Ao 8] AAE
R 53= &7} (Behl er al. 1995; Schonknecht et al. 2001)
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9] =14 Awie HEE FEA BHEH, AN A
7% e] AERA Fhie) 28 £AE 4 glow,
AA B2 A7) Asrl 328 A2 9
uilgcty BuFe] AWy 328 dAaye] F 3
<59 sz #7449 FHaH HAZe «dhikst A
Aol BArE 9o} (Kim et al. 2000). 28} o224 o

< Aot frubet A S HApgow s A
BYorA AMge{3rl =] wiAte] EHu gl (Ahn
and Gye 2004). ol =24 9w dgtez Al ZA oA
EZAE o437 Aol Fo| FAHT glon, thef
g AlEAdAERAY] ABA7TE B3]7] Hg o
TFEo| oz A Fo|rt. w753 AAd}AM=
H7 F A4 59 EHYPA HARs B3] 93 g
HlH 0 2 soy-based food®] AHE- 7}5Ae] RAEHI Q)
9 (Kim et al. 2000).

ol Yoz RE Hzoz FA FAS A5
sk g EAs dal o) B 3
7} = 9 35 R 2se A& T (Rubin
and Staddon 1999). o] 2 <3l x| AAAMT)E X o=
e o8 EAEe] ¥ Wiz Ade] A=, H
B4 ERE2NE 259 g9-5 A (blood-brain
barrier, BBB)& ¥ 22]¢] HAfu|E Alo]o] WAA
g} (tight junction, TI)ol] &3 3 A ¥} (Kniesel and
Wolburg 2000). HZ F4AA WAe] HzAdA] o
EzA o3} BBBL] FHHe] Frastes Rew By
)] (Bake and Sohrabji 2004), o] 2= 2 A5} BBBY]
24 7152 s} Afele] ARAel Jgol AT
BBBE WAshE IS 2RSS At s g2 7
2 Faguos A5uc A T Y4 Helshe
2% FaAUAEC YHAYA R s2E o
2, Aolade] olg BBB 728 715 2ol B3 ¥
AR ESR AAYUE A ol 7|Hbg ok’ Al
¥ kel shsEtA Hdh olE TJ FAAE 71-&d
occludin®- F-A}5F 60kDa T2 4742 =ity 23]
2} 278 9] extracellular loopE 7}x|=, Q1% A=z =He)
occludin®} homophilic binding2- Es| WAZA3S A
g}c} (Tsukita and Furuse 1998). WAl ¢} = z=2)e A =]-8
A RO Ao Freddl= WAAT Al dFd
occludin®- ¥-3 ) Al PP YoMz} HH 5
- Afo]e] bl W}kl At A oaF o
A} (Roux et al. 2004). Stroke 5-2] ¥ &Afo] HRA) 3}
7%~ occludin o] AH3}H™ o]z <t AW
AL 224 HEz:A &A4s fEg (Bolon er al.
1998). wretA occludine 2552} dl-x 2] FAANY
¢l BBB%} -zl 342 (blood-cerebrospinal

]

2 b

X

It
)
=
Ao
Y

fluid barrier, BCSFB) =.Fol|A F83F FA Q4 ojn A
AR 7% e Fo3 AA .oz AlgFd
2 dFdME AEAY drE2AE &3 HAY] o
2ol A wste] i RS 3 A=t A
ERog daAA WASE 977 22 estrogend}
ABAd e gl dEql genisteind} diadzeinz} 72
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1. Y444 9 isoflavone %9

8522l female Wistar rat-& T3}y 15712 A%
% 933 ¢] ketamine hydrochloride (50 mg kg™!) u}3 &
¥z daE AN dadA T ARl €52
Sle olazzAlo] AraHe] W2 & =S 157
2] L2718 AA F 17beta estradiol (E2, 2 ug kg™' day™)
genistein (G, 2 mg kg™"), diadzein (D, 2 mg kg™'), G+D
mixture (1 mg each kg™ day )& 457} AT fgivt
7] Alo]E= rodent chow (2.2]el &, 5L79)& 38+

=

2. ¥ 5 g A2AS

1472o] =23 & =] ketamine hydrochloride
(50mg kg™ )& 57} FASt ulAst & A3RE A
gt BR5 FElodch fFsE SoEE A
HE HET F 48 9 g HHA =% &0t
(hippocampus)& #53te] RNA £AMel A3k

3. Occludin mRNA 9] semiquantitative
RT-PCR #A4

¥ #ufz=]2] total RNAY¥ TRIreagent (Molecular
Research Center, Ohio)3& ©]&-3}e] B-g]s}ec}h cDNASH
A2 1 ug RNAS o]-£3}9] 51, MuLV Reverse Transcri-
ptase (GeneAmp RNA PCR kit, Applied Biosystems, CA)
2 A=stdel Occludin fragment®] %2 5-getcagg-
gaatatccaccta-3' (442 bp, GeneBank Acc. No. AB016425)
7} 5'-cacaaagttttaacttccca-3' 2 43831} Wl 25X =
GAPDHE Al&-sl9gdx 5'-gaggaccaggttgtctectg-3's; 5'-
ggatggaattgtgagggaga-3'E primer2  A}&-3}91 T} (298 bp,
GeneBank Acc. No. NM_017008). PCR cycle condition-
Ex Taq polymerase (Takara, Japan)Z& A}&-3led A zAbe]
protocolel] oz} A|ef 33}
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Fig. 1. Optimization of PCR annealing temperature for GAPDH and occludin in rat hippocampus.
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Fig. 2. Optimization of number of PCR cycle for GAPDH and occludin at optimized annealing temperature in rat hippocampus.
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1. #¥}ZEA occludin mRNA 2 semiquantitative E
RT-PCR ¥4¢] 43} Z_ 4
€ 'S
A = zAlelfA LHAJE fdAbel occludin mRNA 5 %
o] uwtale] og RT-PCR A #AHL 93 svpzy ER- -
2%
c¢DNAZ 2]l 8.2 annealing temp. @ PCR cycle +F A = 2F ‘
38 A3} occludin®] annealing temp 56°C, PCR cycles> & I
+ 26 cycle, GAPDH®] annealing temp 62°C, PCR cycle
4= 26 cycledll A 2 A3} 5o} (Figs. 1, 2). 0

ovX OVX+E

2. FaAA MA dukzA A occludin AP Fig. 3. Effect of estrogen on the expression of occludin mRNA in

o] v]x]E: estrogen?] 3 ovariectomized rat hippocampus. OVX, ovariectomy; E2,
estrogen (2 ug kg~! day™', for 4 weeks). *, significantly

FAAA 7 wA]dlA 2 ug kg! day“-‘l] E2E 4% different from OVX control by Student’s-f test (p < 0.05).
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Fig. 4. Effect of isoflavone on the expression of occludin mRNA
in OVX rat hippocampus. OVX, ovariectomy; G, genistein
(2mg kg™! day™!, for 4 weeks); D, diadzein (2 mg kg™! day~*
for 4 weeks); GD, genistein/diadzein (1 mg each kg™' day~!
for 4 weeks). *, significantly different from OVX by Stu-
dent’s-z test (p < 0.05).

7t o8 A3} #julzA oA occludin mRNA W 2fo)
frelH ez Z7keksd e (p<0.05, Fig. 3).

3. ‘\’}Z-:X A WA e] sjulz2 A isoflavone Fo
o] W)

FA-A F WA oA genistein, diadzein THE T
23 Ae)A] 2% sfu} 2A o)A occludin mRNAS] 2
&aFo] vehicle He] H2ZRe} FH o Y} (p<
0.05, Fig. 4).

% occludin

= o

wadA 4R A He) sirizA]elA E2 R
occludin®] ¥ & FojH oz F7MAZIG 2T o]}
A damA WA AN o) AEzA <)
BBBO| E3}go] tadte Aoz BwEe] o A=A
ol BBB 7]%5& 713 7lsAlel AAHAUT (Bake
and Soharabji 2004). ¥ < A3} E2¢) ¢]3F BBBY} 7]
% 743}el] occludin W8] F7l7) Fedd Aoz Al®
o},

Estrogen 84l W4 Ed4 F2 HFEEHE a
isoform3} %3] SolA] W3 =EE Bisoforme}] ZEx) gk
oo 222} A e} A A E, SI SN Z, 9
o, HAAY] B2 ®F estrogen receptors ¥ 3T}
(Kuiper et al. 1997; Nilsson and Gustafsson 2000, 2002;
Ardelt et al. 2005). w}2hA] estrogen®] A A] o]& %3]
oA occludin FAAPEH ] WS F5F 4= giv) of
A74A] occludin §AAR] HARZAHR-9]0)| estrogen res-
ponsive element (ERE)2] Zx X 2= FQl%x] ¢lo},
estrogenol] 23} occludin 3o Z7tazir)l AHA A

e

AtzAel o3t AR o 4 gt =7 estrogend- EH
AZAA cfos 52 27108 A A 22
o} (Weisz and Rosales 1990). o] & HAAIZAHJAEL
A #99) §AABEE FEHEE estrogens] 93
occludin WRle) Wsh oleiwt 23del EAAA o
Ri= EEHEE =3 occludin B3 2] estrogen 2 EA
ZA) o A] estrogen $&A|E 753 2AHA
29 QA =r x-yh Fof| 243l feedback Ao
Axrle] mate] me AZYpHAe meel @E
systemic effect@] %] 2] o3 3t E&5}Alslc)

A BAAAERAEL AZF 5 FEAWIA ERso
Zg3ted estrogen-responsive gene W& o] o3kS w|A
t}. Isoflavonef 2] EAdAE 2 A L2 ERagl ERBe
AT 4 9)om weak agonistZ 223} (Collins-
Burow et al. 2000) A2 W3] E,3} AAAH o= ERo

78}s}e  estrogen-responsive genes—"/] ‘%‘3‘3_ S &=3ic}
(Kuiper ef al. 1998). 181}
LIETA UIQJF{_P(I/100~1/1,OOO) «Zr,] BAE 7=
o} (Collins-Burow er al. 2000). Genistein®} diadzein 52}
isoflavone 52 232] estrogen receptor 8- = o form
Bt B isoformel] dl§ A3} e] v} (Harris ef al.
2005). Genistein< ERB®} ERa¢}e] 73132 estradiol
9] 1/33} 1/1,000 4=Fo]c} (Kuiper et al. 1998). x| 23] 0]
Al ¥ F= estrogen receptors F2. f formo| g 2
AT ZelEl isoflavone?] A= ERpPL}e) Az =:
Lol &3t Hog FZFr} o|E isoflavone Fo & 1}
bt occludin &3] Z7}+= o] F phytoestrogene] A4
estrogen®] sk SAFSHA ERBel Aashed viehd 7
o2 A8¥H

Estrogenol] ®h§-3l= ohofst xAlo|A occludin "#&
o] "X estrogen?] &I s X9} A7tel| u}e} bipha-
sic effectd W3]3l}. E3] human vascular endothelial
cellsoll 4] estrogen2 %% (1 pM)el| 4+ occludin TH¥
ARES F7HA71AEL 5= (1 uM) M FHAaAF)
™, occludin mRNA level 2 %9 oj&H oz 7}4EC
(Ye et al. 2003). Human cervical epithelial cellsol] 4] estro-
gene occludin §-HA}e] AALETE shlAdA] ==
post-translational modificationef] ¢3&L DIXv, AEx
(1~10nM)el| M= 65kDa forme] w¥H&-& Z7[A)7y o
=% (100 nM)ol| 4] 50kDa form2] =88 Z=7}A)71t}
(Zeng and Gorodeski 2004). #}7 7] &3S A&, 7/|A
317] 18t B o2 estrogen 2L A3 A oA

Sukek, Ay o) Wl e}t =4 e ]_g__“f
o]2{8 biphasic effectel] 7] 754 o] ot whetr
ANAEZAL o]43 #H A7 Z=F A HdAME H
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A Szt s)gdel A Aol Fasieh QAT
of waw vgke] isoflavonoidS A#T A st
(McCann et al. 2002), A3 A4, 3HAHA19 (Horn-Ross et
al. 2002), Y¥49F (McCann et al. 2003), tAFet2] whadal
&7} felrno=z e Aow wWiHQ T (American
Institute for Cancer Research 1997). Genistein-2- §-41 %%
o]t} (Murrill er al. 1996), -5-1ke} (Fritz et al. 1998), A H A
(Mentor-Marcel et al. 2001; Fritz et al. 2002) 5-2] =A] )}
A estrogen antagonist®2 % 288l Aoz ®WFEgH.
3} genistein> A EZ o] ZEA)8lx= ERE %3 non-
genomic effectE 7zt ¥ daidzein® |28 &FHE
ZA] et

2 A7 2 dAAHA WA sintzAdA LRA
g A=kl occludin®] W3S estrogene] 23] A&
wew 77 Agelx Bdshe Hay YA 3
QA2 AY TRl AN LS dadA WAl A
phytoestrogen 2% (genistein, daidzein)2] Fo A] occlu-
din ¥ o] Z7H(IFH)EE sl isoflavoneF A&
Yoz gy shapgele) Bgd woE o
vl 9 St &) 9l Zoz Als o

©.

3|
= ssad AL A= e s
d AEA el AAEZ Sl TF Tl oF
gh6-%lo] glE phytoestrogenF-<l 1soﬂavone—a- o] 4.3}
7o) ghgsict Wik gel] o) AlFEE
& o) P4y 28l FLT APl
sles] chert WARelA el Yol B A7
TdadA A mHleA H77] 4Ae] FEH HAd
o ggez Yai shbgEe] WY isoflavones)
258 A siole 85 o3 WAE daHAT F 4
=7} estrogen - isoflavone-& o3t = %}]U]—Z:ZJOH
A HAAE 4219 dF9 occludin LEE 2AFEHY
o}. B2 occludin mRNA &g v«]ﬁ}ﬂ] Tﬂ*l 7o
™, genistein, diadzein £-2] isoflavone §-o A] occludin
mRNA @& o] g-o]- oz Frslgc) Occludind ¥ 7
7] JA LA ESA HAZEe] welg-ARt A o
A A= isoflavone2- occluding] W& Z71A1A o~
EzA A upg F-u] FAgH o] WYL o]
T 2 e Aoz Alsgy.
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