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UMV TRAKIUNTUEAIBENTDY estrogen receptor NANINARBILFAIIAIAUILaaLATIAUA
fansimuluasdlszamifiunsusasaanaas ERB LRNN1sURasaanyes ERB lavaduns

NIqu basal ERo Uaz ERB luzmel local estrogen liifinadianisuansaanuay ERa

MuI2INgE

Estrogen is a steroid hormone that mainly synthesized in the gonad and reaches its
target organs via blood circulation. It plays an important role in several body systems including
nervous system, such as neuroprotection and memory function. In addition to gonadal estrogen,
the localization of endogenous estrogen has been clearly shown in hippocampus. Hippocampal
estrogen has a direct effect. on hippocampal neuronal functions. In vitro study demonstrated
_that hippocampal neuron can not respond to gonadal estrogen when hippocampal estrogen is
not present. Therefore, hippocampal estrogen may exist to prime hippocamapal neurons for
further activation by systemic estrogen. The present study aims to investigate the role of local
estrogen on the cellular adaptation via the expression of estrogen receptor. It clearly shows that
local estrogen- increases the expression of ERp via basal ERa and ERp activation. While, there

is no effect on ERa expression.
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11 Lifamﬂauéaoﬁmﬂugmmnau LAZNINUNIUITIRNTTHNLALIT D9

LloalaATIa%  (estrogen) Lﬂuaas“[uu'lunajumaamﬁmaUﬁaaﬂmﬁﬁqn%ﬂnﬂmmaa‘ﬂszmﬂ
(McEwen & Alves, 1999) ns:ej’uua:fhLa‘%uhszmumsa%"nmwéh (Chamniansawat &
Chongthammakun, 2010) NuisesuInandmesudnsuasiamiaalasauiotiluldluns
fasnuuazinunlianieszvudszan iy lsnaalowas uas lsawniauau Iudu (Vegeto et al.,

2008; Purohit & Reed, 2002) luswmuuuwd laalasaudmlngjonainndeuwaniaunandng

]
-

nyzuafaa (gonadal estrogen) Lwavl,ﬂmuqumsﬁﬂmmawnaﬁl,ﬂ'mmzJ (Fang et al., 2001)
Yo a ' P v & (3 P2
uanmnummaﬂmmummmﬂgnasqwumu'luvnami‘]mmU (endogenous estrogen) L@
muqumiﬁwmmaomaéﬁu 9 atmnm’i'sLLa:ﬁmmﬁmwmm:mg\ﬁ (Purohit & Reed, 2002) (1%
alasiauignaumeoluradlzamvesauasduduluauda  (hippocampal estrogen) uazdl
a a ' . . . 4d & ar (% o & & L]
antwalasasedanszuuns synaptic plasticity Fuilunalnuanvesmstsanudr Jadululen
miﬁwmumau‘nmfﬂs:mmaomlaoﬁm%ﬂ‘[ﬂuauﬁagnmuquﬁw hippocampal estrogen Laz119
[ a ] | a ] as a J ar Sy
\Judx3297n gonadal estrogen udluanuiuaislsanivszuudszames o dnifedunundsrn
[ o A 4 a [ ° ' v
F0nNAUIZINAaUTINTZAL gonadal estrogen @NRIAEHINUN ugagliAndn gonadal estrogen
gynsfunumdagdarssranvaseuassnilliuanis  faduiiaulainlasuiadousdins
o [ ) a X o ] ) o Qs Pl
wsesrssdszemuassnasdudlliuandanudnwnueslasiananunaslaidudiny  uasd

£
nalnnsaangnbatngly
nsdslaTzvtealaTan
) ] o/ :!‘ 1 -}
aalasian dunnluimognaiiiliuaindaung (gonadal estrogen via exogenous
estrogen) uaznandgnizumbaaiallaivaumainauvesaizniihning (McEwen & Alves,
S o a oA o cd a o p . a
1999) wananitdifiieslanaunidudgninanzAnuinudunanilenndeuina ontaalas
1 !l Qs i Qr
Lam'lunqum”l extragonadal estrogen %o endogenous estrogen aigzfimunsnfuanzy tealas
wuldias laur devnainla 30 huu uas &uad (Fester et al., 2011) laslawizathsBaginduly
. A L. v ) []
uawll (hippocampus) Tafimsauwuluil 1995 las Robel uazamue LLﬂm'lmﬁm'lﬁmsmagmad
alasanlusuaddainanasraeAfudinsass gonadal estrogen lasnsdasily (Robel et al.,
' o . 9 & .
1995) daanluil 2003 Prange-Kiel uazaaucldnmanviealasianluominifesaasaas primary

- . &
hippocampal neuron (1 pg/ml) uazluil 2004 Kretz uazanie wulaalasiawluawinfaaiTasuad




. - A v Qr qll
hippocampal slice (24 pg/m)TuaadlAARTIANIRIINTDIUMIFUATIZRURZNIRAIBRLATIAN
vasTaatszrmivlduauils

as [3 a - I Qs ¢
mIfaazilarlasawTuanmalfeulasaetaailln pregnenolone lasandeiawlyd
. . A ) 1 A g d' ¥/
cytochrome P450 side-chain cleavage (P450scc) mulululanawass Samadsiutrubedulula
naweIuaasandulis@inainfidnzyfe steroidogenic acute regulatory protein (StAR) uazdalilu
TUABURMUABAT (rate-limiting step) VBINTTUIUNIFIATIZRLOFLATLIU MUK pregnenclone
ﬁ):gmﬂﬁﬂmﬂu dehydroepiandrosterone (DHEA) waz DHEA gmﬂﬁﬂuu‘lu testosterone @URIAU
v ¢ o = . .
qﬂﬂ’lﬂLauvl‘D&l aromatase z1UR8% testosterone lUilluaglasiaunmelu endoplasmic recticulum

v
s av a

a &,
(Fang et al., 2001; Saldanha et al., 2009) Ganumswulawloyd aromatase uaz P450scc 39U9T33

& &

msFaaTzAlealaTian Fumelumadiu 9 wasdszandvlduautlalimsuaasaanvas
steroidogenic enzymes ﬁé’lﬁmﬁ’maumn a1fiLiw StAR (Wehrenberg et al., 2001), P450scc (Do
Rego et al., 2009) Waz aromatase (Fester et al., 2011; Yague et al., 2010) daiudananldiaas
UszamBultuauila fa steroidogenic cell Aiflamasmuisnlumsfuarsfioalasauuasldnum
AUDENIUNITARI BT primary hippocampal neuron (Prange-Kiel et al., 2003) Waz asiwzReaTiia
H19-7 hippocampal neuron (Chamniansawat & Chongthammakun, 2012)

&
nalnniseangnszasioalasian

]
L 4

uanmm:ﬁﬂﬁwﬁﬁﬁmﬁmﬁmﬁ’mzuuﬁuﬁuﬁuﬁaLaaTmmueTaﬁﬂmﬁﬁqﬁ':ytﬁmﬁmﬁ’u
msiusasszuudszan ldud madnlesuazihwioasdszan dumsenizulususs aseaau
NILEUNIZUIUNIAINAINET (Chamniansawat & Chongthammakun, 2009, 2010, 2012; Vegeto et
al., 2008) ﬁv'ai‘fl,aafmumaanqn‘%{muﬁ'g%’maa{mwu (estrogen receptor, ER) Lﬁ'amuqums
awesgasinang luﬂaqﬁui‘fﬁmsﬁmunﬁﬁmaa‘[mmuaamﬂu 2 ndu auduniams
ugauean de  atuleslanaulufineius  (nuclear ER) uaz m”’;%’maa*[mﬁmum?jaﬁwnaé’
(membrane ER) tiloiaalasiausuniu nudear ER meluimad nuclear ER fisunuiaslasioused
msm?a'auﬁLﬁﬁﬁatﬂ?ummma&ﬂmmmﬁ"ans:@junszmunwaamﬁ'a (transcription) Tagsuriy
61'1Lm‘Li\‘i‘?iL%W'I:Lm:ﬁ)duumﬂﬁtﬁutama\‘iﬁutﬂﬁﬂmﬂ (estrogen responsive element) Lﬁ'amj
Fnarziiuuaclisfiusfialng Fennalnmssangniesnsanain nalnduiu (genomic action) win |
iealasianaannitiu  membrane ER whgmanszqunalnnsfesaomeluasd (cell:
signaling) Lﬁ'amuqumsﬁﬂmmaaL‘naélﬂ'mmuaLi'm'mﬁ'; Bonnalnnsaangnieananain
nainlalsuiu (non-genomic action) (Chamniansawat & Chongthammakun, 2010) kdwIARINIDN
Tnlanairasiiuealanauszaansoduundiiueslasiausanidu 3 ofla fla arsueslas

lusfiaaawn (ERa), @rfulaslasiausfiaiuans (ERB) uaz G-protein coupled receptor 30



A4 o o ¥ a Jda v o o i, [
(GPR30) (Raz et al., 2008) Gsdaiutaalaniauns 3 shailinifiuaznsuaasaanlueivizidraniu
ERQ fununifendasivszuufuwus uazszuvudenlivie laslnenuiwynasasilifiiu ERA
(ERQA knockout mice) limaninfuiufuazuniiufld lusncfivynasasnlifin eErB ERP
knockout mice) vlajﬁﬂ'?nuﬁﬂﬂiﬂamaﬁ:uuﬁuﬁuf (Rissman et al., 1997; Krege et al., 1998)
agvlsfienuanmsinmdanusaddifiuiinme ERA usz ERB Imsusaseanluguas vSiiod -
uane19n% nanafie ERA intsuaassaninnluwasdszamofia cholinergic U31atu basal forebrain
Aq e - d v a P a
bundle (BFB) duilusiuvassuasiiinertasiungdnssanwatsuol lwamefl ERP Inmsusasaan
P’ a Ao o ¢ & & 4 e A A @
wnuStaddlduauils uaz FFuTanefifing (Shughrue et al,, 2000) TaudusruvasanaInneITes
AUMIFou] uazmIgieanudn (Ter Horst, 2010) ¥aaAReInLWITLad Chamniansawat Uaz
o o v & &£ v
Chongthammakun 1ufl 2010 FeusasldiAuieslasaueangnirue ERB  lunisnszdunns
= A o d 9 a 4 3 a o
ugasaanvasduuazlls@uiiiisndasnunszuiums synaptic plasticity Gadunalnnanvasnisae
A270%1 (Chamniansawat & Chongthammakun, 2010) &3%n13¥9U89 GPR30 wudsladiun
NTUUUTS
1.3 IngUszasdzaslasen1sive
& o € & g .
1.3.1 ANWINTIRILATIEN local estrogen Tutraddseamiwizidss H19-7 hippocampal
1.3.2 @NWINABY local estrogen GEMTURAIAANUBY estrogen receptors MALTARLIZEN
&
LWTzLRE H19-7 hippecampal
1.3:3 @nwinalnnIviinlves local estrogen AaMIUEAIBENYY estrogen receptors 1w
¢ £ .
VIRALTERIMINNLLAYY H19-7 hippocampal
1.4 vouizazaslasen1sivn
av ¢ & P} s (-4 (S
ms'mﬂmﬂm'luiﬂnmsumamqumsﬂﬂmm:mumimLfmz‘ﬂ local estrogen lulaas |
X £ .
sz miwnzlaey H19-7 hippocampal @mamuwaua:na'lnn'ﬁaanqnﬁmaq local estrogen @8nM7 ;
A { o as ' [y
URAIAONYAY  estrogen receptor 9NN ITEINUMIABURUEIVBITRRUTZRINdaMTIATY -
systemic estrogen
1.5 nud) uaznsavuwrANNAazalasIn1ive
anyAgI%
Local estrogen §NaNIOLANTZAUNNTUEAIEENYEY estrogen receptor LABLAIBNAIEIRIUNT |
ADUAHEIABNT AL systemic estrogen

nsavuwIAATaIlATINITIVY




iiasnnuealasiaufignaiunielugssyzamussauasdmdlIunuilslininalagass
! . ' A a 8/ o L2 o
@aNIzUIUNT synaptic plasticity T9Liunalnnanvasmiaisanudr Jaduldldimsiauees
(3 ' a [ . ] £ oA
Lmaam:mmamuaoaauaﬂIﬂLLﬂuﬂagnﬂauqumﬂ hippocampal estrogen uazinaztiudaszain
3 ~1 =3 1 Qr =3 ‘3’ L x4 o s
gonadal estrogen udluanuiiiuaiilsanuzuudeaman 9  dnifeluiundervisnaa
o & A a [ o ' o ' @ a
Uszd@ouaadiszal gonadal estrogen @18J2ELIUN UEAI IALARI gonadal estrogen EJdf4d
unumdagdarssdszamvassuasdinddliuants  Jaliuihsuleilasuiaudansdinu
. a E L o ) & o
yasasUszamuassuasimdlliunudsundnivioalasiawonunaslafludnn  uszlinalnms
£
sangniatils
1.6 Uselaminaiainezlasy
o e -1 o v v et o
namTITpanlasimsIeeit ildidrlaunumaes local estrogen Afidanisurasaanes
estrogen receptor lwwadszamuasauadsan hippocampus lgaumaninlumsanasdanns

1630 systemic estrogen

o d
2. lWaLsay
2.1 350158 RN

v L 4
2.1.1 NISIRBILTARINIZLAEY H19-7 hippocampal neuron
Tl

o & M
MMSWsRoaTas H19-7 hippocampal neuron (ATCC® Number; CRL-2526 ) T
o v
Dulbecco’s modified Eagle’s medium (DMEM; Gibco, Carlsbad, CA, USA) fidsznaveie 1.5 g/l

sodium bicarbonate, 0.2 mg/ml G418, 0.001 mg/ml puromycin (Sigma, St. Louis, MO, USA) lac

10% fetal bovine serum (Gibco) T poly-L-lysine-coated T-flask (Corning, Corning, NY, USA) 1114 |
25 cm ’lug}ﬂaammawqmﬁqu 33°C UazaNULINTH CO; N1 5% ﬂ“lUl@lﬁﬂ’l’):LL’)@lﬂﬂ&JLLaza’M’li

g o . a o & & ) !
LRBNLTRANINANILAUIERUADNNILAUINTUIULTARLNIZLR LS H19-7 hippocampal neuron (ceII ‘

proliferation)
- P SR as & ,
maaseutrasiwnziisdinati llsluns@nsndde  oasiwnziRes  H19-7  hippocampal
X v d W .
neuron ATANLAELINY estrogen-free culture medium fivsznauaae 0.01% N2 supplement (Gibco)

v & 4
w8z 10 ng/ml basic fibroblast growth factor (Sigma) Tu 6-well plate (Corning) 'luglxﬂaammaw

[
o

- v o 4 & X ,
qmﬁ{}u 39°C uar UasaNuyIu CO, 1 5% ‘If\j‘luﬁﬂ']'lzul,%ﬂa‘tqulﬂﬂﬂ H19-7 hippocampal
neurons 3zpnnIdulAdmMaUAswLLaUTN  (differentiation) nanpiilu mature hippocampal
neuron '

2.1.3 Enzyme-linked immunosorbent assay (ELISA)




MTIALTUM local estrogen 14 culture media #2835 ELISA LUUST double sandwich (33
wrnmamefoiufinnas 96-well plate @28 anti-E2 (R&D systems, Minneapolis, MN, USA) (futa
24 719 rlawdin ELISA Blocking Buffer (R&D systems) tfuiaan 2 #lus ellasiumsiiia non-
specific binding 9MUUIIEY culture media ﬁ"[@i"mnnejumimaawms] \Rerhuffsen andiuds
§19 antigen grufiuday 0.01M PBS uatfiy anti-E2 antibody (ﬁ’)tﬁﬂ’;ﬁ’ﬂﬁl‘fﬂﬂﬁau 96-well-plate)
vuliiduna 1 7w ﬁqmﬁgﬁﬁao NI $UNRIY secondary antibody dsaaasinedetSules
horseradish peroxidase (HRP) (R&D systems) Lﬁaﬁﬂﬂf]ﬁ?mﬁn%'wﬁo PTG RYOR antibody
f§2uiiue28 0.01M PBS Ui tdiy Tetramethylbenzidine (TMB) substrate (R&D systems) mnﬁv'uuqﬂ
YRSy 1M HCI Fanndl estrogen msinmmeseszdisuiuiihide Seeunsniad

mmg@nﬁuumﬁ’;mﬂ%m spectrophotometer (model UV-2550; Shimadzu, Kyoto, Japan) Aau

#11AR% 450 nm

214 Quantitative-réal time PCR (qRT-PCR)

WLwadiwmnz8ps H19-7 hippocampal neuron 7ildanmmasasunana RNA laold RNeasy
mini kit (Qiagen, Hilden, Germany) USIAANUTUTUDEY RNA ﬁvlﬁﬁ'amﬂ‘%?m spectrophotometer
FamasuisieUSuSunmaes RNA IirihAuynnga udnddpunduluiliu cDNA dapates
thermocycle lagls high capacity cDNA reverse transcription kit (Apply Biosystems, CA, USA)
PnswRusuiuusndiouiisumusaseentasdu  ERA, ERPB, U fu  housekeeping
(GAPDH) ¥¢te383 real-time PCR (Applied biosystems) lagl% TagMan® gene expression assay
kit (Apply Biosystems) %uﬂs:nauﬁm customized primer design W8z DNA-probe ﬁgnaﬂﬁmﬂﬁ’w
FAMTM_ dye uazdurmySununsuaaseanvesbmihnanedsdF threshold cycle (Ct method) law

1 SDS software v. 1. 4 (Apply Biosystems) [3]

2.1.5 Western blot analysis
[ Y ' ' & S a o - I - ¢ g 1%
wndnREId 9 uimasinziaesdsutosudanalds@uanaasinziisslasld RIPA
buffer (Tris 50 mM pH 7.4, NaCi 150 mM, 1% triton X-100, 0.1% sodium deoxycholate, EDTA 5
mM, Na,HPO4 30 mM, NaF 50 mM) thldsaufianalaluuendasnszuslniinlu 10% SDS-PAGE
gel MnnurinmIgelys@ulusy nitrocellulose membrane uaziin membrane lUuulu 5% non-fat

milk 1Jwasn 2 Falas iRedasriun1sifia non-specific binding fiauth'lyuee anti-ERA antibody

a

wsa anti-ER[3 abtibody (Abcam, Cambridge, UK) tfluiaan 24 SZYETR Namngll 4°C nuiwih

U

membrane awiul HRP-conjugated secondary antibody (Zymed, San Francisco, CA, USA)



MmsansUSinumIuaaseensadlysiulasls chemiluminescent detection kit (Pierce, Rockford,
IL, USA) usriaanuituvesuaulysdiudislysunsy Scion Image [3]

2.1.6 Immunocytochemistry

ansmauaasaanuaziunisnasldsiumeluessaaeds immunocytochemistry [3] 13w
INMIREITRSWILIA B9 H19-7 hippocampal neuron 1w coverslip 11 24-well plate waanlwans
f9 9 unasinndosdoutesuimnstuinaseiy 4% cold-paraformaldehyde tuiien 15
Wil aniutudan 0.2 M glycine 111781 25 w1H URINAIE  10% normal goat serum  LII14LIR"
30 wfl Wellastumisiia non-specific binding Aouflazdadie anti-ERQ antibody w38 anti-ER[3
abtibody (Abcam, Cambridge, UK) tfwaan 24 t2lus 'ﬁ'qmvxgi‘l 4°C URI9UA38 fluorescent-
conjugated secondary antibody @u&1aU wasvinsdnwinelanaas Leser confocal microscopy

(Model FV 1000; Olympus, Tokyo, Japan)

2

2.1.7 matlsndiuua / fuaszddogs

ﬁauaﬁwum:gnﬁ’nmmﬂum means * SE mﬂmmnwi'wmwﬁﬁmaaﬁagaaaq’gm:

U

nagaulay  unpaired  Student's t-test ANuuANANIauEhfvaIlaysNnIEeITAIZON
NAFROUAIL one-way analysis of variance (ANOVA) with Turkey muitiple comparison test a7

uandnwawmsifvamnatmasausiesiial P < 0.05 ﬂi:LﬁuNﬂﬁGZ‘J’aiﬂﬂ Graph-Pad Prism 5.0

2.2 gan1inaaad

2.2.1 N1589LATIEH local estrogen Twiasiniztags H19-7 hippocampal

s

] Vol a o ¢ s &
LHad91n U\'ivl,&mﬂ'ﬁﬂﬂiz}’m'ﬁﬁ\'ﬂﬂ?]:ﬂ estrogen lul"ﬁﬂalquﬂ N H19-7

v
@ G G A 4

. o a o ¢ & ¢ &
hippocampal JURNIEIININIANBINTIRILATIEH  estrogen IHLTRQL‘HENLWWZLGUG H19-7

U

hippocampal 1wn122UIn@ (control) (fwununnsl# anastrozole (aromatase inhibitor) WasMIIA

Gonadotrophin releasing hormone (GnRH) LJunguauguiTsay UAzNEUAILANLTILINAAEINY
o n'/ A’ L =

TasmyiatSunmmanailuemsiasaasesds ELISA

v & 1 a ar : w
HAMINARILERIALAR I luAzUsnRaanIataUSunme  estrogen e msiduaiwad o

7 o

AN 5 wasmIneaanduduly d’mn&juﬁ‘lﬁ%’u GnRH THRIUNIDIRLAAINEI A 2 BaInTs
Vv & 1 . A’ v H [} A /s
nesasusaliiAuinaadinatesmannaeusues GnRH 16 lusseingufildsy Anastrozole

Yeao o .

sanInfusinIdeTiidasaammasss QU 1A) wenanikfidederimsdnmnzuuues

MIFATIZN local estrogen (3U7 1B-D)




2009 = cControl
7 sz GnRH i
E EE Anastrozole ik
150+
D
o
o~
4 100-
o
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g
S 50-
n
o4
1204 Control C 1204 GnRH 1204 Anastrozole
a th| o
B B i
% 50 g 3 %0
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g 604 . % o]
=] = =
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X 304 5 3 304
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8 @ rA=090 N ® =001
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—_
0 3 6 9 12 0 3 6 9 12
Incubation period (days) Incubation period (days) Incubation period (days)

1 ] @ J ’
gﬂﬁ 1 UROITZAUNTTHRIZAN local estrogen PINLTASLNZLREY H19-7 hippocampal (n = 3)

' &
2.2.2 HagaInanIITUdAIBDNYDY  estrogen receptor Twimadinizidss  H19-7

hippocampal

[

ﬁﬁmﬁﬂmsﬁnmwamaa local estrogen §anN1IURAIDANVYDY estrogen receptor NIRITIR

Ao ERa uaz ERB #2875 western blot real time PCR uag immunocytochemistry NANITNARDILEAY
v & ] ) IS. v ﬂ‘; v P dl o At
1‘1&1.1’1%’2‘1 ﬂQMY]EJUUG local estrogen 618 anastrozole UNIURAIDANTEY ERP KASY Llatnauny

ndunIunu Tuniefl ERe lufimadfowudas (Ui 2A-E)



ERa ERB

Control Anastrozole Control Anastrozole

ERc s @z ~66 kDa
ERp il & ~55kDa
f-actin  @aill @M ~43 kDa
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Abstract

The localization of estrogen (E2) has been clearly shown in hippocampus, called local
hippocampal E2. It enhanced neuronal synaptic plasticity and protected neuron form
cerebral ischemia, similar to those effects of exogenous E2. However, the interactive
function of hippocampal and exogenous E2 on synaptic plasticity activation and
neuroprotection is still elusive. By using hippocampal H19-7 cells, we demonstrated the
local hippocampal E2 that totally suppressed by aromatase inhibitor anastrozole.
Anastrozole also suppressed estrogen receptor (ER)[3, but not ERa, expression. Specific
agonist of ERa (PPT) and ERJ3 (DPN) restored ER[3 expression in anastrozole-treated
cells. In combinatorial treatment with anastrozole and Phosphoinositide Kinase-3 (PI-
3K) signaling inhibitor wortmannin, PPT could not improve hippocampal ERP
expression. On the other hand, DPN induced basal ERf3 translocalization into nucleus of
anastrozole-treated cells. Exogenous E2 increased synaptic plasticity markers
expression in H19-7 neurons. However, exogenous E2 coulci not enhance synaptic
plasticity in anastrozole-treated group. Exogenous E2 also increased cell viability and
B-cell lymphoma 2 (Bcl2) expression in H;O,-treated cells. In combined treatment of
anastrozole and H,0,, exogenous E2 failed to enhance cell viability and Bcl2
expression in hippocampal H19-7 cells. Our results provided the evidence of the
priming role of local hippocampal E2 on exogenous E2-enhanced synaptic plasticity

and viability of hippocampal neurons.

Keywords:
estrogen receptor; exogenous estrogen; local estrogen; synaptic plasticity;

neuroprotection; hippocampal cell




Introduction

E2 is mainly synthesized in the gonad, called gonadal or exogenous E2, and
reaches its target organ via blood circulation. It has been reported to influence memory
function (Henderson, .2010; Gorenstein ef al., 2011) and neuroprotection (McCullough
et al., 2003) through estrogen receptor (ER), which highly expressed in cerebral cortex
and hippocampus (Henderson, 2010). In menopausal women, E2 replacement therapy
relieved memory imbairment (Gorenstein et al., 2011). Previous study demonstrated the
decreasing of hippocampal dendritic spine in ovarectomized (OVX) rats that restored by
an administration of exogenous E2 (Gould ef al., 1990). During estrous cycle, the
hippocampal spine density is variéd in respc;nse to fluctuating level of E2 in female rats
(Woolley and McEwen, 1992). Moreover, our previous studies demonstrated that a
variety of synaptic marker proteins is up-regulated after exogenous E2 application
(Chamniansawat and Chongthammakun 2009;2010), confirming the positive role of
exogenous E2 on synaptic plasticity and memory consolidation. E2 also prevents
neuronal death from ischemic brain injury (Dubal et al., 1999). It regulated neuronal
viability through Bcl2 expression, but not other member of Bel2 family (Dubal ef al.,

1999).

In addition to gonad, endogenous E2 production and secretion in hippocampus -

were well demonstrated (Prange-Kiel and Rune, 2006). The presence of all enzymes
responsible for endogenous E2 biosynthesis and a sixfold higher E2 concentration in
hippocampus than that in plasma (Hojo et al., 2004) strongly indicate the potential roles
of local hippocampal E2 on hippocampal functions. Previous studies revealed that
inhibition of the local E2 biosynthesis by aromatasc inhibitor significantly reduced the

density of hippocampal synapses and down-regulated synaptic proteins, including



spinopholin and synaptophysin (Kretz et al., 2004; Mukai et al., 2010; Zhou et al,
2010). Local hippocampal E2 also regulated the expression of ER (Prange-Kiel ef al.,
2003; Oliveira et al., 2004; Murata et al., 2003). In addition to synaptic plasticity, the
neuroprotective role of local hippocampal E2 had been demonstrated by using
aromatase knockout mice (McCullough e al., 2003). Loss of endogenous or local E2
exhibited an increase in the severity of ischemic injury compared with the normal as
well as OVX mice. These evidences indicated that the neuronal functions are mainly
affected by local hippocampal E2. However, the decreased in synaptic plasticity was
presented in OVX rats (Woolley and McEwen, 1992), which local hippocampal E2
should be intact. Therefore, hippocampal neuronal function is depended on both
endogenous and exogenous E2. We hypothesized in the present study that the
mechanism of exogenous E2 action is an endogenous E2-dependent manner. The aims
of this study were to investigate the effects and mechanisms of endogenous E2 action
on the modulation of synaptic plasticity and neuroprotection in hippocampal H19-7

cells.

Results

Local E2 production in hippocampal H19-7 cell

To determine the production and secretion of E2 in hippocampal H19-7 cells, we
measured E2 concentration in culture media of untreated, gonadotrophin releasing
hormone (GnRH)-treated or anastrozole-treated hippocampal H19-7 cells by using
ELISA kit. At day 0, basal E2 levels of untreated, GnRH-treated, and anastrozole-
treated cells were 5.46+0.51, 5.11+£0.25, and 4.8920.25 pg/ml, respectively (IFigure 1A).

In untreated hippocampal H19-7 cells, secreted E2 significantly increased from days 5
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through 12 (37.5244.58 pg/ml to 80.04+7.40 pg/ml) (Figure 1A). Maximum secreted E2
level in untreated hippocampal H19-7 cells was comparable to those report in
hippocampal slice cuitures (Kretz et al,, 2004). GnRH increased hippocampal E2
secretion from days 3 through 12 (26.81+4.55 to 148.72+12.47 pg/ml) (Figure 1A).
Moreover, when compared with the untreated group, GnRH significantly increased E2
levels from days 2 through 12 (Figure 1A). However, when the activity of aromatase
was inhibited by anastrozole, the E2 levels were not changed throughout 12 days of
experimental period.

The hippocampal E2 secretion profile of control, GnRH-treated, and
anastrozole-treated hippocampal H19-7 neurons were demonstrated by the percent
maximum secreted E2-experimental period relationship. The data of control cells were
best fitted with the non-liner regression equation that revealed the sigmoidal line =
0.90, Figure 1B). In the first three days, E2 levels slowly increased, while it rapidly
increased from 4™ day and to the maximum level in 8" day (Figure 1B). The half
maximum E2 secretion was presented in 5™ day to 6™ day and the maximum E2
secretion with the plateau phase was showed in day 8 though 12 (Figure 2A). The;efore,
we selected 8" day as a suitable culture condition in next experiments for studied the
effect of local E2 on-hippocampal H19-7 neuron. GnRH changed the secretory profile
form sigmoid function to linear function (+* = 0.97, Figure 1C). The E2 levels of GnRH-
treated group rapidly increased form day I through 12 (Figure 1C), whereas E2 levels of
anastrozole-treated group showed relatively constant throughout 12 days of
experimental period (Figure 1D).

Local E2 regulates ERP expression in hippocampal H19-7 cell




It is well known that ER, including ERa and ERf, expression is upregulated by
E2 (Oliveira et al.; 2004; Murata et al., 2003). We therefore investigated the effects of
the local E2 on ER expression by using the confocal immunocytochemistry and
Western blot techniques. To determine those effects, hippocampal H19-7 cells were
cultured in either steroid-deprived media with or without anastrozole for 8 days. In
control group, ER3 expression was significantly higher than ERa (Figure 2A, B, and
C). In the presence of anastrozole, the level of ERP3 expression was significantly
decreased, whereas ERa expression was not changed (Figure 2A-E). These results
indicated that the local E2 up-regulated ERf, but not ERa, expression in hippocampal
H19-7 cells.
Local E2-increased ERP expression is a basal ERa- and ERf-dependent
mechanism

We further examined the underlying mechanism of local E2-induced ERP
expression by using Western blotting analysis. Hippocampal H19-7 célls exposed to
anastrozole for 8 days had significantly lower ERP expression than control group
(Figure 3A and B.). The level of ER expression could be restored by administration of
specific agonist of ERa (100 nM PTT) and ERB (100 nM DPN) in day 7" of
experimental period. This result indicates that the local E2-induced ERP expression is a
basal ERa and ERB-dependent mechanism. Wortmannin (200 nM Wort.), a specific PI-
3K inhibitor, had no additive effect on anastrozole-suppressed ER expression (Figure
3A and B.). Wortmannin attenuated PPT-, but not DPN-, induced ERpB expression.
Therefore, local hippocampal E2 enhanced ERP expression in basal ERa-PI-3K

dependent mechanism.



We further examined the effect of local E2 on ERP activation by determining the
translocation of basal ERP in hippocampal H19-7 cells by using laser confocal
microscopy (Figure 4C). In anastrozole treated group, the basal ERP localized in
cytoplasmic and membranous regions of hippocampal H19-7 cells. After DPN
treatment, basal membranous and cytoplasmic ERP decreased, but the nuclear ERf
increased. This findings suggest that the membranous and cytoplasmic ERf
translocalize into nucleus in ligand-dependent mechanism, indicating a characteristic of
classical genomic action.

Local E2 mediates exogenous E2-induced synaptic plasticity

Although local hippocampal E2- and exogenous E2-enhanced hippocampal
synaptic plasticity had been explained (Prange-Kiel and Rune, 2006), the role of the
local E2 on exogenous E2-mediated synaptic plasticity is still unclear. By using
synaptic plasticity markers, activity-regulated cytoskeleton associated protein (Arc) and
postsynaptic density (PSD-95), we observed the interactive effect of local and
exogenous E2 on synaptic plasticity using qRT-PCR and Western blot analysis in
hippocampal H19-7 cells. As shown in Figure 3A and 3B, exogenous E2 treatment for
30 min and 6 h significantly increased Arc and PSD-95 mRNA expression, respectively.
Anastrozole unaltered the basal Arc and PSD-95 mRNA expression. Interestingly,
exogenous E2 could not enhance Arc and PSD-95 mRNA expression when
hippocampal H19-7 cells were cultured in anastrozole-containing media (Figure 3A, B).

Similar to those mRNA, administration of exogenous E2 (1 h and 48 h for Arc
and PSD-95, respectively) also induced Arc and PSD-95 proteins expression (Figure
3C, D, and E). Anastrozole had no effect on basal Arc and PSD-95 proteins expression.

Exogenous E2 failed to enhance Arc and PSD-95 protein expression in anastrozole-



treated neurons (Figure 3D, E). These findings indicated that hippocampal E2 was
prerequisited for exogenous E2-enhanced hippocampal synaptic plasticity.
Local E2 mediates neuroprotective effect of exogenous E2

The neuroprotective effects of E2 have been well demonstrated. However, the
involvement of local E2 on ne;Jroprotective effect of exogenous E2 is still elusive. As
demonstrated in Figure 4A, 1 h of 200 uM hydrogen peroxide (H,O,) exposure
significantly decreased hippocampal H19-7 cell viability. HO»-induced cell death was
enhanced by anastrozole. Preincubation of the cells with exogenous E2 for 24 h prior to
addition of H,O; attenuated H,O;-induced cell death. However, therapeutic effect of
exogenous E2 on H;O,-induced H19-7 cell death was absent when cells were exposed
to anastrozole (Figure 4A).

We also observed the effect of local E2 and exogenous E2 on anti-apoptotic
protein Bcly, the specific target of E2 (Dubal et al., 1999). While 24 h of exogenous E2
preincubation significantly enhanced Bcl, expression, H,O, significantly suppressed its
expression (Figure 4B). Additional effect of anastrozole on H,O,-supressed Bcl,
expression was demonstrated. Similar to those cell viability studies, exogenous E2
totally rescued Bcl, expression in HyO,-treated H19-7 neurons. Exogenous E2 could not
restore HyO»-supressed Bcl, expression in anastrozole treated neurons (Figure. 4B).
These findings suggest the prerequisite role of local hippocampal E2 on neuroprotective

function of exogenous E2.

Discussion
De novo E2 production and secretion in hippocampus has been demonstrated in

both primary hippocampal neurons (Prange-Kiel ef al., 2003) and hippocampal slice



cultures (Kretz e al, 2004). In the present study, we showed the production and
secretion of local E2 in hippocampal H19-7 cells. Our findings demonstrate the
sigmoidal secretory profile of H19-7 hippocampal E2. In first 3 days after seeding the
secreted E2 levels relatively constant probably due to the preparation of intracellular
machinery that responsible for production and secretion of E2, we named this period as
“the preparation state”. In days 4 to 7, secreted E2 rapidly increased form 16.2% to
90.6% of maximum secreted E2; it was named “the active state”. Finally, secreted E2
reached the maximum plateau state in days 8 to 12. However, secreted E; levels were
relatively unaltered when hippocampal H19-7 cells were incubated with anastrozole.
This finding indicates that E2 production and secretion in hippocampal H19-7 cells
required aromatase activity similar to those reported in primary hippocampal neurons
(Prange-Kiel e al., 2003) and hippocampal slice cultures (Kretz et al., 2004). In
addition, the maximum secreted E2 levels in hippocampal H19-7 cells were comparable
to that report in hippocampal slice cultures (Kretz et al., 2004). Therefore, H19-7
hippocampal cells were a suitable model for studying the effect and mechanism of
hippocampal E2 on hippocampal neuronal functions.

It has clearly been demonstrated that GnRH receptor expressed in hippocampus
(Chu et al., 2008; Schang et al., 2011), thus, hippocampal neuron can selectively
respond to GnRH treatment. In the present study, we reported the activating effect of
GnRH on local hippocampal E2 level, indicating that GnRH enhanced endogenous E2
biosynthesis in hippocampal H19-7 neuron. Similar to previous study, that
demonstrated the activating effect of GnRH on E2 biosynthesis and secretion in SH-
SYSY ncurons (Rosati et al, 2011). GnRIH enhanced the expression of enzymes

involved in E2 biosynthesis, including seladin-1, steroidogenic acute regulatory protein
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(StAR), and cytochrome P450 (Attar and Bulun, 2006), indicated the feasibility of
using hippocampal H19-7 cell for investigating the role of local E2 on hippocampal
function.

There are two ER subtypes, ERa and. ER[, which are expressed in hippocampus
(Bliss and Collingridge, 1993). Expressions of those ERs are regulated by its ligand, E2
(Oliveira et al., 2004; Murata et al., 2003). In the present study, we showed the direct
activating action of local hippocampal E2 on ERf expression. Suppression of the local
E2 by aromatase inhibitor led to downregulation of ERP expression in hippocampal
neurons. Local hippocampal E2 had no effect on ERa expression. In hippocampus, ER[3
play an important role in long-term potentiation (LTP) enhancement, memory
improvement (Liu et al., 2008; Day et al., 2005), and neuroprotection (Zhao et al.,
2004; Dubal et al., 1999]. The autocrine and paracrine actions of hippocampal E2 on an
enhancement of ER[ expression are suggested to prime hippocampal neurons for
further activation by exogenous E2.

We also demonstrated that hippocampal E2 acted through basal ERa-PI-3K-
dependent pathway to enhance ERP expression, which classified as a non-genomic
pathway. Membrane ERa directly interacted with PI-3K (Simoncini et al., 2002),
therefore ERa agonist PPT failed to activate wortmannin-treated cells. On the other
hand, local hippocampal E2 activated nuclear translocation of basal ERP in H19-7
hippocampal cells, which was consistent with our previous report (Chamniansawat and
Chongthammakun, 2010). Exogenous E2 activated ERf translocation into nucleus to
enhance synaptic plasticity (Chamniansawat and Chongthammakun, 2010), hence local
hippocampal and exogenous E2 regulated neuronal function in classical genomic ERj3-

dependent mechanism.
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Previously, the potential action of hippocampal and exogenous E2 on
hippocampal synaptic plasticity has been reported (Gould et al., 1990; Prange-Kiel and
Rune, 2006). Little is known about the interactive function of local hippocampal and
exogenous E2 on synaptic plasticity. Exogenous E2 upregulated synaptic plasticity
marker expression in hippocampal H19-7 cells. However, when endogenous E2
synthesis was-inhibited by aromatase inhibitor anastrozole, exogenous E2 could not
enhance synaptic plasticity in hippocampal H19-7 cells, suggesting that exogenous E2
function is endogenous E2-dependent mechanism. Previously, ERP knockout mice
exhibited attenuation of hippocampal plasticity and memory impairment (Liu ef al.,
2008; Day et al.,, 2005) although exogenous E2 is still present. Since the
downregulation of ERB expression is demonstrated in anastrozole-treated hippocampal
H19-7 cells, E2 could not enhance hippocampal synaptic plasticity similar to those
transgenic mice. The priming action of local hippocampal E2 on ERf expression is
suggested to be essential for exogenous E2-enhanced hippocampal synaptic plasticity.

Neuroprotective function of both exogenous E2 and endogenous E2 has been
identified (McCullough e al., 2003; Zhao et al., 2004; Dubal et al., 1999). Exogenous
E2 exclusively mediated Bcl2 expression, but not other Bcl2 family, including Bax,
Bel-xl, Bcl-xs, and Bad, to prevent neuronal death in ischemic brain injury model
(Dubal ef al., 1999). On the other hand, aromatase knockout mice exhibited higher brain
damage than the wild type-OVX mice after cerebral artery occlusion (McCullough et
al., 2003), indicated an important role of local E2 on neuronal viability. In the present
study, we reported the priming action of hippocampal E2 on exogenous E2 enhanced
hippocampal H19-7 ccll viability and Bcl, expression. Local hippocampal E2

influenced ERP expression that required for exogenous E2-enhanced Bcl2 expression
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and neuronal viability (Dubal e al., 1999; Zhao ef al., 2004). Therefor, neuroprotective
action of exogenous E2 requires autocrine and paracrine actions of hippocampal E2-
induced ER[3 expression.

In conclusions, our study demonstrated the priming action of hippocampal E2 on
systemic E2 functions. The hippocampal E2 upregulates hippocampal ERf3 expression,
which is necessary for systemic E2 functions. However, the molecular mechanism of
hippocampal E2 enhanced ERP expression and mediated synaptic plasticity and
neuroprotection requires further study.

Methods

Cell culture

H19-7 cells of hippocampal origin (H19-7 hippocampal cells; ATCC® Number,
CRL-2526™) were grown on poly-L-lysine-coated dishes, in Dubecco’s modified
Eagle’s medium (DMEM,; Gibco-BRL, Grand Island, NY, USA) in a 5% CO;
humidified atmosphere at 33 °C as described previously (Bhargava et al, 2000).
Hippocampal H19-7 cells are transformed with a temperature-sensitive mutant of simian
virus 40 T antigen and are conditionally differentiated. For differentiation, cells were
incubated in a 5% CO; humidified atmosphere at 39 °C in DMEM and N, supplements
(Invitrogen, Carlsbad, CA, USA), and the process was accelerated by adding 10 ng/ml
basic fibroblast growth factor (Sigma, St. Louis, MO, USA). To find out the optimal
level of E2 secretion, hippocampal H19-7 cells were incubated with culture media, 25
nM anastrozole-containing culture; or 0.01 uM GnRH-containing culture media for 12
days. To investigate the effect and mechanisms of local hippocampal E2 on exogenous

E2, cells were treated with 10 nM E2, 25 nM anastrozole, 100 nM PPT, 100 nM DPN,
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or 200 nM wortmannin according to the need of each experiment.. All stimulant drugs
are purchased from Sigma.
Enzyme-linked immunosorbent assay (ELISA)

To evaluate secreted E2 levels in culture media, colorimetric rat E2 ELISA kits
(TSZ ELISA; Framingham, MA, USA) was performed according to the manufacturer's
instructions. Briefly, culture medium were pipetted into micro-assay well which had
been precoated with monoclonal antibody against E2, followed by incubation at 37°C
for 30 min. And then washing buffer was added to wash an excess binding before added
HRP-conjugated reagent to each well. To develop the reaction, chromogen substrate
was added and incubated at 37°C for 15 min in light protection. The reaction were
stopped by add 50 ml stop solution into each well. Absorbance was read at 540 nm on a
microplate reader (Bio-Tek). Samples were quantified by interpolation with standard
curve.
Immunocytochemistry

For immunocytochemistry, hippocampal H19-7 cells were seeded on 12-mm
glass coverslips at a density of 10,000 cells/coverslip and cultured overnight as
previously described (Chamniansawat and Chongthammakun, 2009). At the end of all
treatments, cells were fixed for 15 min in 4% paraformaldehyde at 4 °C, followed by
permeabilization in 0.2 M glycine. After blocking of nonspecific binding, cells were
incubated overnight at 4 °C with 1:100 mouse anti-ERa or 1-100 mouse anti-ERf
antibodies (Abcam, Cambridge, UK). After washing away excess primary antibodies,
cells were then incubated with 1:1000 fluorescien isothiocyanate (FITC)-coupled anti-
mouse IgG secondary antibody (Zymcd), and subsequently stained for nuclei with

1:500 TROPO-3 (Molecular Probes, Eugene, OR). We used a confocal laser-scanning
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microscope (model FV 1000; Olympus, Tokyo, Japan) to analyze the fluorescent
signals.
Western blot analysis

Western blot analysis was performed as describedv previously (Chamniansawat
and Chongthammakun, 2009). H19-7 hippocampal cells were lysed with RIPA buffer.
Equal amounts of protein were separated on 10% SDS-PAGE, and transferred. onto
nitrocellulose membranes. The membranes were incubated with 1:1000 mouse anti-
ERa, -ERp, -Arc (Santa Cruz Biotechnology Inc., Santa Cruz, CA), rabbit anti-PSD-95
(Abcam), or -Bcl; (Abcam) antibodies, and then incubated with a HRP-conjugated
secondary antibody (Zymed, San Francisco, CA). The signal was detected with ECL
Western blotting substrate (Pierce, Rockford, IL) and capturzed on HyperﬁlmTM
(Amersham Pharmacia Biotech, Piscataway, NJ). |
Quantitativé real time-PCR (qRT-PCR)

To determine mRNA levels of 4rc and PSD-95 in H19-7 hippocampal neuron,
total RNA was extracted by using the RNeasy Mini kit (Qiagen, Hilden, Germany)
following the manufacturer’s protocol as previously described (Chamniansawat and
Chongthammakun, 2009). A 2Zug total RNA was converted to cDNA with the high
capacity cDNA reverse transcription kit (Applied Biosystems, Foster City,.CA, USA).
Quantitative real-time PCR (qQRT-PCR) was performed on the Applied Biosystems
PRISM 7700 Sequence Detection System using TagMan-Gene Expression Assays with
FAM™ dye-labeled TagqMan® MGB probes, which contained customized primer design
according to the manufacturer’s protocol. The positive endogenous control was GAPDH
and the negative control was water. The relative expression of mRNA was calculated

using the comparative Ct method by using SDS software v.1.3.1 (Applied Biosystems).
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All data were normalized with the endogenous reference gene GAPDH expression
(Applied Biosystems).
MTT reduction assay

The cell viability was determined by the quantitaﬁve colorimetric with MTT
assay (3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium bromide, Sigma). Cells
were plated on 96-well culture plates at a density of 10,000 cells per well. Cells were
cultured in media or media containing anastrozole for 8 days, then, treated with 200 pM
H,O; or culture media for 1 h. The medium was removed and mixed with a solution of
1 mg/ml MTT for 3 h in a 5% CO; humidified atmosphere at 37 °C. The supernatant
was then removed, and the formazan crystals in the cells were solubilized with DMSO.
Absorbance was read at 570 nm on a microplate reader.
Data analysis

All data were expressed as mean+=SEM. Two sets of data were compared using
the unpaired Student’s t-test. One-way analysis of variance (ANOVA) with Tukey’s
posttest was employed for multiple sets of data. The level of significance of all
statistical tests was P < 0.05. Linear regression and non-linear regression analysis were
performed to obtain the % maximum secreted E2-incubation period relationship. All
data were analyzed by GraphPad Prism version 5.0 for Window (GraphPad Software

Inc., San Diego, CA, USA).
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Figure legends;

Figure 1. Secreted local E2 in culture media of hippocampal H19-7 neurons. Secreted
E2 of control (open bars), GnRH-treated (gray bars) and anastrozole-treated (black bars)
in H19-7 hippocampal cells (A). *P < 0.05, **P < 0.01, ***P < 0.001 vs day-matched
control group, P < 0.05, 7P < 0.01, TP < 0.001 vs corresponding day O group.
Percent maximum secreted E2 of control (B), GnRH-treated (C) and anastrozole-treated
(D) in H19-7 hippocampal cells. Dark line represented the best-fitted sigmoid line (non-

liner regression) in B and straight line (linear regression) in C and D. (n=5)

Figure 2. Endogenous HI19-7 hippocacampal E2 regulates ERP expression.
Representative immunofluorescent images of ERo and ERf3 expression of control, and
anastrozole-treated H19-7 hippocampal neurons (A). Red signal represented nuclear-
staining and green signal represented ERa or ER3 (scale bars = 10 pm). The number of
ERa or ERP positive green signal was counted and presented (B). Quantitative
immunoblot analysis of ERa and ERJ proteins expression in control and anastorzole-
treated H19-7 hippocampal neurons (C). B-actin was the housekeeping protein. *P <

0.05 vs control-group, TP <0.05 vs anastrozole-treated group. (n=5)

Figure 3. The mechanism of local hippocampal E2 regulated ERf expression. the
quantitative immunoblot analysis of ERp in control and 8 days-anastrozole exposed
neuron (A). 100 nM PPT, 100 nM DPN, or 200 nM Wortmannin (Wort.) was added to
the culture media of anastrozole-treated neuron in 7-8 days prior to harvested cells.
Representative densitometric analysis of ERP expression in H19-7 cells (B).

Representative immunofluorescent image of ERP (green signal) and nucleus (red signal)
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of anastrozole and anastrozole plus DPN-treated cells (C). Scale bar = 10 uM. B-actin

was the housekeeping protein. *** p<0.001 vs control group.

Figure 4. The effect of endogenous E2 on exogenous E2-induced H19-7 hippocampal
synaptic plasticity. Representative quantitative real-time PCR (A, B) and Western
blotting analysis (C, D, E) of Arc and PSD-95 expression in H19-7 hippocampal
neurons. Densitometric analysis of Arc (D) and PSD-95 (E) protein in H19-7 cells.
GAPDH was the housekeeping mRNA in real-time PCR. B-actin was the housekeeping

protein. *P <0.05, **P < 0.01, ***P < 0.001 vs control group. (n=5)

Figure S. The effect of endogenous E2 on neuroprotective effect of exogenous E2.
Representative cell viability data from MTT assay (A). Anti apoptotic Bcl, expression
in H19-7 hippocampal neurons. (-actin was the housekeeping protein. *P < 0.05, ***P

<0.001 vs control group. (n=5)



(sAep) pouad uoiegnauy| (sAep) pouad uoneqnouj (sAep) popad uopeqnouy)

rA4 " 6 9 € 0 Zl 6 9 € 0 L 6 9 € 0
L [1 o O L ] 1 ] . O
100=4 < <
3 3
~0¢ m m
g =
[~ o
: :
Q o
2 2
¥ m ,
glozodjsewy “-0c1 HYu9 Lozl jonuod Lozi

~001

ojozoljseuy mmm -0S1

HYuUo E=a
joljuod [ -002

Z3 Pa10493s Wnwixew o,

(lwy6d) 3 pojasoeg

<



ERB

ERa

i 1’514&115’813‘3“%‘

Boovay3 20131 % h N
%
o o &
: Yo
o 0
»
@ ' ' 5 c
c 2 =S @ °
< T
(jo13u09 jO 2,)
ISE
! %,
o'/
:{9@
/O'Q (,b'
g v
c ' T ! '
§ = & & 0 °
(joa3u09 jo %)
LS}~ =
o
O
N
o
=
7
©
c
<
&)
3
4
w
r ! : . ©
) =) w ©
L ol h e

(1192/42qwnu)
sjeubis aA3Isod jo Jaqunu ay |

m 316537 %l



X =
———
(@]
En_d
[anR

%k koK
T

T |
= =
0 5
1

150-

(1o43u09 j0 %)
dy3

20
\NA%\@\QQ
20
* :NQQ
eQQ
&RQ
2,
W
/0,
2,
%

Anastrozole

Merge

Nuclei

ERB

ok
.

8|0zoJiseuy Nd(+9|0Z0J}seuy

&



ﬂ++
I

|+

* — ]+

_H I
1 | | | 1 m
0 o % o o
YNH W G6-0Sd JOP|Oj vAle|ay - ..m
o
0 a
] ++

ﬁ_ |+

x 1 o+

._.I. |

I LB " | | b

0 o 0 o ©
-— - m
YN W 21Y/ JO P|Oj aAlje|ay w

©

< o &

Arc <

T © ©
O o Q
X X X
N O M
1 © <

JAEREEEELC w0 X

PSD-95 ==
B—Actin il

S eolx A
o SEER AL i
T

E2

Anastrozole

o | + +
H |+
*
* H +
*
I
& & & 5 o
& = & ° 3
(1o43u092 jo %) ]
utajoid 56-ASd o2
wl
Ll
H + +
K I+
¥
* + |
bl
e & & & & 1
N« & | £ @ S
(lo13u09 Jo %) B
uiayoud o4 o
D 19} A/ L M



150+

100+

% Cell viability
N
o
|

%k ok

* ok

& kock

X

0-

E2
Anastrozole
H,0,

100+

Bcl,
(% of control)

e
T

0-

E2
Anastrozole
H,0,

@ (-actin

- I
*
’-ﬂ- .
*kok
+ - - + -+
- - + = T
- + + + +




Manuscript Review

Author ID
Author Name

Corresponding
Author

Institute
Phone

E-mail

Type
Title Of Article
Cover Letter

Keywords

Status

Comment

File

https://mail.buu.ac.th/owa/?ae=Item&a=Open&t=IPM.Note&id=RgAAAACMKLRIN...

Author Information
chamniansawat

Siriporn Chamniansawat

Siriporn Chamniansawat

Burapha University
+66-38-393497
siripornc@buu.ac.th

Manuscript Information
Regular Article

A priming role of local E2 on exogenous E2-mediated synaptic
plasticity and neuroprotection

estrogen receptor; exogenous estrogen; local estrogen; synaptic
plasticity; neuroprotection; hippocampal cell

Review
to be reviewed after revision

Dear Dr. SiripornZ§hamniansawat,

Please find the comments from editors and reviewers in the attached
MS word file.

Please upload your revised manuscript and your response letter
within 3 months of the date of this decision letter.

If you upload your manuscript after the time-limit, your manuscript
will be regarded as new and will be reviewed again.

If you need more time for the revision, please ask the Editorial
committee to extend the time-limit. This request should be placed
one month before the due date.

If you have any questions, please feel free to contact us.
Sincerely yours,

Yun-hwan Jung

Manager

Experimental and Molecular Medicine
Email: ksbmb3@ksbmb.or.kr

Chamniansawat manuscript adm Array.doc

24/3/2555



UIFTRIR NN

Carswell, H.V., Dominiczak, A.F., & Macrae, I.M. (2000). Estrogen status affects sensitivity to
focal cerebral ischemia in stroke-prone spontaneously hypertensive rats. American

Journal of Physiology - Heart and Circulatory Physiology, 278, H290-H294,

Carswell, H.V., Macrae, |.M., Gallagher, L., Harrop, E., & Horsburgh, K.J. (2004).
Neuroprotection by a selective estrogen receptor beta agonist in a mouse model of
global ischemia. American Journal of Physiology - Heart and Circulatory Physiology,

287, H15601-H154.

Chamniansawat, S., & Chongthammakun, S. (2009). Estrogen stimulates activity-regulated
cytoskeleton associated protein (Arc) expression via the MAPK- and PI-3K-dependent

pathways in SH-SY5Y cells. Neuroscience Letters, 452, 130-135.

Chamniansawat, S., & Chongthammakun, S. (2070). Genomic and non-genomic actions of

estrogen on synaptic plasticity in SH-SY5Y cells. Neuroscience Letters, 470, 49-54,

Chamniansawat, S., & Chongthammakun, S. (2072). A priming role of local E2 on exogenous
E2-mediated synaptic plasticity and neuroprotection. Experimental and Molecular

Medicine (Submitted).

Do Rego, J.L., Seong, J.Y., Burel, D., Leprince, J., Luu-The, V., Tsutsui, K., Tonon, M.C.,
Pelletier, G., Vaudry, H. (2009). Neurosteroid biosynthesis: enzymatic pathways and
neuroendocrine regulation by neurotransmitters and neuropeptides. Frontiers in

Neuroendocrinology, 30, 259-301.

Fang, H., Tong, W., Shi, L.M., Blair, R., Perkins, R., Branham, W., Hass, B.S., Xie, Q., Dial,
S.L., Moland, C.L., & Sheehan, D.M. (2001). Structure-activity relationships for a large
diverse set of natural, synthetic, and environmental estrogens. Chemical Research in

Toxicology, 14, 280-294.

Fester, L., Prange-Kiel, J., Jarry, H., & Rune, G.M. (2011). Estrogen synthesis in the

hippocampus. Cell and Tissue Research, 345, 285-294.



Henderson, V.W. (2070). Action of estrogens in the aging brain: dementia and cognitive aging.

Biochimica et Biophysica Acta, 1800, 1077-1083.

Krege, J.H., Hodgin, J.B., Couse, J.F., Enmark, E., Warner, M., Mahler, J.F., Sar, M., Korach,
K.S., Gustafsson J.A., & Smithies, O. (71998). Generation and reproductive phenotypes
of mice lacking estrogen receptor beta. Proceedings of the National Academy of

Sciences USA, 95, 15677-15682.

Kretz, O., Fester, L., Wehrenberg, U., Zhou, L., Brauckmann, S., Zhao, S., Prange-Kiel, J.,
Naumann, T., Jarry, H., Frotscher, M., & Rune, G.M. (2004). Hippocampal synapses

depend on hippocampal estrogen synthesis. Journal of Neuroscience, 24, 5313-5921.

McCuliough, L.D., Blizzard, K., Simpsbn, E.R., Oz, O.K., & Hurn, P.D. (2003). Aromatase
cytochrome P450 and extragonadal estrogen play a role in ischemic neuroprotection.

Journal of Neuroscience, 23, 8701-8705.

‘McEwen, B.S., & Alves, S.E. (1999). Estrogen actions in the central nervous system. Endocrine

Reviews, 20, 279-307.

Meng, Y., Wang, R., Yang, F., Ji, ZJ., Fang, L., & Sheng, S.L. (2070). Amyloid precursor
protein 17-mer peptide ameliorates hippocampal neurodegeneration in ovariectomized

rats. Neuroscience Letters, 468, 173-137.

Miller, K.L. (1996). Hormone replacement therapy in the elderly. Clinical Obstetrics and

Gynecology, 39, 912-932,

Prange-Kiel, J., Wehrenberg, U., Jarry, H., & Rune, G.M. (2003). Para/autocrine regulation of

estrogen receptors in hippocampal neurons. Hippocampus, 13, 226—-234.

Purohit, A., & Reed, M.J. (2002). Regulation of estrogen synthesis in postmenopausal women.

Steroids, 67, 979-983.

Raz, L., Khan, M.M., Mahesh, V.B., Vadlamudi, R.K., & Brann, D.W. (2008). Rapid estrogen

signaling in the brain. Neurosignals, 16, 140-153.




Rissman, E.F., Wersinger, S.R., Taylor, J.A., & Lubahn, D.B. (71997). Estrogen receptor function

as revealed by knockout studies: neuroendocrine and behavioral aspects. Hormones

and Behavior, 31, 232-243.

Robel, P., Young, J., Corpéchot, C., Mayo, W., Perché, F., Haug, M., Simon, H., & Baulieu,
E.E. (1995). Biosynthesis and assay of neurosteroids in rats and mice: functional

correlates. Journal of Steroid Biochemistry and Molecular Biology, 53, 355-360.

Saldanha, C.J., Duncan, K.A., & Walters, B.J. (2009). Neuroprotective actions of brain

aromatase. Frontiers in Neuroendocrinology, 30, 106—118.

Sherwin, B.B. (1994). Estrogenic effects on memory in women. New York Academy of

Sciences, 743, 213-230.

Shughrue, P.J., Scrimo, P.J., & Merchenthaler, |. (2000). Estrogen binding and estrogen

receptor characterization (ERalpha and ERbeta) in the cholinergic neurons of the rat

basal forebrain. Neuroscience, 96, 41—49.

Simpkins, J.W., Rajakumar, G., Zhang, Y.Q., Simpkins, C.E., Greenwald, D., Yu, C.J., Bodor,
N., & Day, A.L. (1997). Estrogens may reduce mbrtality and ischemic damage caused

by middle cerebral artery occlusion in the female rat. Journal of Neurosurgery, 87, 724—
730.

Smith, C.C., Vedder, L.C., & McMahon, L.L. (2009}. Estradiol and the relationship between
dendritic spines, NR2B containing NMDA receptors, and the magnitude of long-term

potentiation at hippocampal CA3-CA1 synapses. Psychoneuroendocrinology, 34 Suppl!
1:513042.

Ter Horst, G.J. (2010). Estrogen in the limbic system. Vitam Horm, 82, 319-338.

Vegeto, E., Benedusi, V., & Maggi, A. (2008). Estrogen anti-inflammatory activity in brain: a

therapeutic opportunity for menopause and neurodegenerative diseases. Frontiers in

Neuroendocrinology, 29, 507-519.




Wehrenberg, U., Prange-Kiel, J., Rune, G.M. (2007). Steroidogenic factor-1 expression in
marmoset and rat hippocampus: co-localization with StAR and aromatase. Journal of

Neurochemistry, 76, 1879-1886.

Yague, J.G., Azcoitia, [., DeFelipe, J., Garcia-Segura, L.M., & Muiioz, A. (2010). Aromatase
expression in the normal and epileptic human hippocampus. Brain Research, 1315, 41—

52.

Zhou, L., Fester, L., von Blittersdorff, B., Hassu, B., Nogens, H., Prange-Kiel, J., Jarry, H.,
Wegscheider, K., & Rune, G.M. (2070). Aromatase inhibitors induce spine synapse loss

in the hippocampus of ovariectomized mice. Endocrinology, 151, 1153—1160.




