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| ABSTRACT I

O bjectives : Most of the mechanisms reported for antidepressant drugs are the enhancement of neurite

outgrowth and neuronal survival in the rat hippocampus. Neural cell adhesion molecule 140(NCAM140)

has been implicated as having a role in cell—cell adhesion, neurite outgrowth, and synaptic plasticity. In this
report, we have performed to elucidate a correlation among chronic antidepressant treatments, NCAM140 ex-
pression, and activation of phosphorylated cyclicAMP responsive element binding protein(pCREB) which is a
downstream molecule of NCAM140—mediated intracellular signaling pathway in the rat hippocampus.

Methods : Fluoxetine(10mg/kg) was injected acutely(daily injection for 5days) or chronically(daily injection for
14days) in adult rats. RNA and protein were extracted from the rat hippocampus, respectively. Real—time RT—
PCR was performed to analyze the expression pattern of NCAM140 gene and western blot analyses for the
activation of the phosphorylation ratio of CREB.

Results : Chronic fluoxetine treatments increased NCAM140 expression 1.3 times higher than control in rat
hippocampus. pCREB immunoreactivity in the rat hippocampus with chronic fluoxetine treatment was increased
4.0 times higher than that of control.

Conclusion : Chronic fluoxetine treatment increased NCAM140 expression and pCREB activity in the rat hippo-
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campus. Our data suggest that NCAM140 and pCREB may play a role in the clinical efficacy of antidepressants

promoting the neurite outgrowth and neuronal survival.

KEY WORDS : Fluoxetine - Hippocampus - NCAM140 - CREB - pCREB.
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(cAMP) =27} @23} 11, cAMP responsive element
binding protein(CREB) 9] #&lo] F7}slitial ¥us)
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3. RNA 27

RNA 28& InvitrogenA7} Algshs W o= 23]
3tk vk 22 100mg trizol 1mLE ¥il 23
o7 % 1.5mL FHe| #7131 200 £L9] chloroform
& WKkt T 4% 15623t 9 (Vortexing) 8
T AR 2 WA 387¢ BHagink Sl 12,000rpm,

Al

15%, 4ColA 2R el ol 23
%.F/‘l:

[

tip ¥O%
HA ASAE AT T A= FHe §713 %
isopropyl alcohol2 Y¥al Ao 1087+ ¥X|513
%of 12,000rpm, 15%, 4CollA Y535t A 2
& SAA AL ERlsta A AASISITE 75%
of|&k& {diethyl pyrocarbonate (DEPC) ¥ 557} &
1mL #7183k & waksla 7,500rpm, 55, 4 ColA €4
Hejate] golole deds B AlA O}Oﬂu} RNA &3
AS 5EelM 108 59 Ad2ellM AdxA- F DEPC
Fold 33k T4 30 £LE 7Iete] =<9l thy 56Tl
A 10823F A8k #3934 (spectrophotometer)

oA 37 260nm e} 280nm=E A 55 S5k Agd/
Avgo2] Fte] 1.7 oPdRIA] ERleiSir). 171952 = RNA
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4. AN RT-PCR

NCAM140 FHAE AAIZF RT-PCRZ 33] o)A}
HEE Aglsto] -z Bl ARE St

%A (reverse transcription) ZHg-2 Promegarl’t

Agehs W o st txad) EFAE Fo
T 217 smlell ] Fefek A RNA 2 ¢g, oligo(dT) 15
primer 1 #L9} DEPC ] 32 SHG55 718l &
15 pxL7} B == &1k 70C, 587k Nk
AL 5 SA] dFelk] A3k o] Egele]l RNasin ribo-
nuclease inhibitor 30units, 5X reaction buffer 6 #L,
2.5mM dNTP mixture 6 L, M—MLV reverse trans-
criptase 200unitsS 76l HE54 02 30 L7} &

=% DEPCE 78 34k 755 A7kskaL, 42CellM
1AIZF BA15k] (DNAES $A3IIT

Uz FoF A RNACA d4938 cDNAE
oz AAIZF PCR(Cycler iQ system, Bio—Rad)<
T3 Th PCR HHS- B¢ 5% 5 715 DNAY A&
< (minor groove) 9l SYBR green¢] 7]o]50] Ueh=
FFE Sk HAEWHE ARSIlth W82 Bio—
RadAFZ 58 Al Aol wet 3s9ict 125 1
LY iQ SYBR green supermix(Bio—Rad) 2} sense
primer 10pmol(1 #L), antisense primer 10pmol(1
#L), cDNA 05 L, 33} =54 10 L5 sl =
25 p L7} F5% W78t 3, f—actin© 7 HF38IIT)
HhE 2718 95ColA 8 cDNA 71ee] dwd 7
56 CollA] APEA] o ds 3%

[e]
o] TgNE

(denaturation step) 30%,
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7 (annealing step) 307, 72 ColA DNA 33 77 (ex-
tension step) 305 402] RHESBISIEE $ofl 95Tl 1
£3F DNA 7hete] ] 445 AAIsE -, 55TelA 1
3 oldd A4S sk, 0.5TCH 10x HF0= &
= ¢ SEH DNAY melting 255 24
o] 2% DNAS =laigltt. A3t #42 Bio—Rad
AR RE AT iCycler T3S o]-&3lit) A3
o 7RE Aol cycle threshold(Cp) Ee 2774
(comparative Cr method) & AHEaFITEY 2774y
& rEke] dehd therat 2tk EFAlES Folsh 8
F sfiukel vz 215 sfutellx] NCAM140# S —actin
o] Crgks 92 F, NCAM1409] CT#IA f—actin®]
Craks WA JCraks Gtk R JCr3tollA 4 4Cr
e @7 e EFAE FoAs 3 dnlla 4
NCAM1409] ACrak& tiza 37 dlinlelr 92 NC-
AM1409] JCrgho wiEt). Bojxl 4 4Crgke 2794
of Yol Ailslod U ghoz vzt nlg] SFAES
Foigt 81 dfmlell ] NCAM1402] mRNA #&o] Z7}
A AR EA & 5 Stk HE AR gro] TR
o} o wdlo] Fkg Zloja, 17 Hrh Wow
o] Zha¥ gtk A8 5 gk

AAZF PCRO AF-¥ primert Genamics expres-
sion programs AHg-8ke AASIAL, primer A9
ke 2t

NCAM140 : 5°=AGA TCC GAG GCA TCA AGA
AA-3",5'=ATC CTT TGT CCA GCT CAT GGT-
3'. B—actin : 5'=ACC GGA GAG CAT TCA GTG

b

{0

O

AT-3",5'=TGC AAT CCG ACT CAC CAA TA-3".

5. HaiA 2a

317 div}l 22 Imgel 1mL9] lysis buffer (GmM
potassium phosphate, pH 6.5, containing 0.2% Triton
X-100) 5 ¥ 247471 (homogenizer) 2 ST
o7 A& —70TCeA dH 5, thA] 501 4T 3] 2
¥7] (orbital shaker) ofl*] 154 F<t 3%A7]x, 4T,
13,000rpmelA] 1537+ 94 wejsto] 98 A5 Al
2 1.5mL FEol| SAch ©d 53} western blot
& 3] A7) Dolxl daAS —70TCel B3tk

6. BT Y

7] svbzie Qe duae Jsich Protein

assay kit (Bio—Rad) = 1 : 59| H|[&® S5l 348t
o] FH)519 ok (working solution). BSA standard® 1,
0.5, 0.1, 0.05, 0.01, Omg/mL=Z 4|33t} 96well
plate®] standard® 10 xL% ¥ % working solution
< 200 LA H7H) welst SAS 104 345k
10 #LA 96well plated] ¥ % working solutions
200 LA A7sdek. 08 standard$} stk
She ©AS 587 Aol WAIEIIEE ELISA reader
£ ol&3lo] 3% 595nmelr] FEEE 57431913, stand-

ard curve o13t0] WA FEE Ssk

7. SIAE 2R(Western blot)

CREB 23 pCREBS] &7 -5 Asin] ol &
7 el 23 A el gisl polyclonal rabbit
anti—CREB @4 (Cell signaling) ¢} polyclonal rabbit
anti—pCREB @ (ser133) (Cell signaling) & A3}
of 47} A’ EX A4S stk s dad
< Laemmli sample £9(62.5mM Tris—Cl, pH 6.8 ;
2% SDS ; 10% glycerol ; 0.5% B—mercaptoethanol ;
10 #g/mL bromophenol blue) ol 21 587+ 3¢l &
12% EejotaHoluto]= A (polyacrylamide—gel) ol
A3 8OVelA 719 %et tha, 20% wEhE: £oA
Aol A s 30VE 4Tl Yo|ERAZRZA B
(nitrocellulose membrane) ©% overnight ©|&FAIZTY.
Lol EgAlzZ A BhS: 59 BX])-F(nonfat—dry milk)
7F 23k TBS-T €5-1{20mM Tris—HCl (pH 7.6),
500mM NaCl, 0.1% Tween 20} o]l Y1z wHE7]olM A
207 1AIZF WASISiT Polyclonal rabbit anti—-CREB
A {polyclonal rabbit anti—pCREB &l (ser 133)}
£ 1:1,0008 34sto] H7kek TBS—T ¢l LroflA]
4°CelA overnight WHIAIZITE wRE] 91elA] TBS—
T ¢5oior Yo|EgAlEa A v 1054 33 A
% HRP-conjugated anti—rabbit IgGE 1 : 2,0004]
s)Aete] 7kt TBS-T ¢l o® 1074 33] A&
T, 1:402% 42 ECL+ Aokl vEgA17]3 FE o=
gk

N
A

Ho

AR H gkt ¥ 2 2} (mean t standard
error) 2 39111, B/ #2412 SPSS(Statistical Pakage
for Social Science)11.0 version(SPSS, USA) & o]&
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ANOVAE AR89, 7F At Alele] FAIsH f-21/3
2 post hoc test (Tukey test) & ©]43}] 43153t

2 4

1. EENEC <t NCAM140 mRNA 28 51t

F5? 3 dute] A doJF Cr @k actin® 2 ®
A 5 277 gy OE Shtetel Cora} vlu s o
NCAM140 mRNAZQ] &&dof W37} §igich

F147 37 #wke] A9 actin®® HAsl0] 2941
2o SIS wl Cl4rel vj3) 1.3 A% 71 B
o, sAF R fodol ATHP<0.05 ; n=3) (1
D). wed, Z7RE EFARE FolslH NCAM140
mRNA9] #&o] Z713hs ERlskirt.

l | A2t CREB Hgt
ZHF14 9} Cl4) 7 87

FvlzRE Oé% XJ ﬂ %ﬁ-ﬂ@é 01% ol @71 7]

F o7 BATH

2 Ao AH¥ CREB f‘%ﬁﬂ% H]¢lakslEl CREB <)

Aksh¥l CREB E7o A3 & 9l Falolth. Fovo)
739 Co- 2] CREB 2o #jo)7} 99l o, Fl4+2}

Cl47 ARo]9] CREB @S- §413] o7} Witk Cl4+
A= CREBE o] ¥ #] oksirh.

161
14 F [ control
[ FAuoxetine

Ly

12

1+ T

08 -
06
04

mMRNA level (fold changes)

0.2

5days l4days

Fig. 1. Real-time RT-PCR of mRNA expression of NCAM140
by fluoxetine in rat hippocampus. Y axes repre-
sent the values of 2-44C€7, and on the basis of con-
trol value 1, calculated values of mRNA level
changed by fluoxetine treatment were plotted.
Values represent mean +SEM (n=3). * : significantly
different from the control(p<0.05). ANOVA follow-
ed by Tukey HSD.

o = 3]-0% actin® % HAYS u| TFAE F
o fetoz wE Zvhe gl @179l Foel H)
) 47171 F143: 215 sfjwhiie] CREBo] kit 2+
28k o7 UeERFoUr 593 4] olgth Cl4

T3 F147-S Hlade u F147-9) CREB 7P} ¥+

of FEAA e (p=0.005, n=4), EA4 <
2 froA S vebstth(1E 2B). EFAIRE A7IRE

oz CREBS Wl 3718 f18 7Fs4S shalsigik

3. =z EEME E°14ﬂr9I N4 pCREB H3t
CREBo] AXU AsHEHZE £ serine 1339
A Z71elA Q14F8HpCREB) }bﬂtﬂ g s}E]o] Al A
ol AR E7] A% B FRzke] AR QAR 2
=g 349} %% o188 3= pCREBY o] ZF
A& ERletr| flate], iz (C5
o} C14{rL)JJr ZFAE T (59 F147) 3 &t
FHE A %ﬁ-‘!@é %o] pCREBS] &4 Wigks A
B 5307 FMIQiL) tx7e] 9 C59 Cldw &
5 pCREBY] @4do] Zglom, Aj7hd Ajekolw Ajo]

<+— CREB

<4— Actin

- - -

C-5days F-5days C-l4days F-l4days

)

] Control [ ] Fluoxetine

H %

Expression ratio of CREB
(optical density)
O P N W H» O ON 0 ©
T

5days l4days

Fig. 2. The effect of fluoxetine on CREB expression in rat
hippocampus. A : For detection of CREB, total
proteins from hippocampus of control and flu-
oxetine-treated rat were separated on 12% SDS-
PAGE and probed with polyclonal rabbit anti-
CREB antibody. Actin was used as an internal
control. B : Expression ratio of CREB was repre-
sented as optical density from band of x-ray film.
Values represent mean=SEM (n=4). For statistical
analysis, we conducted two-way ANOVA fol-
lowed by Tukey’s HSD. * : significantly different
from control(p<0.05). C : control, F : fluoxetine.
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7F QATH(CLH 3A). EFAR Folw @VIRIR] Foot

o=

pCREBS] &4o] ARAellA Co-t A

1o
N
K3

7h ilon, Flda 249 sfupelre] &g Clda

W S G W | 4— Actin

>

C-5days C-l4days F-5days F-l14days

Expression ratio of pCREB
(optical density)

H*

[ control
] FAuoxetine

5days l4days

Fig. 3.

The effect of fluoxetine on pCREB expression in
rat hippocampus. A : For detection of pCREB,
total proteins from hippocampus of control and
fluoxetine-treated rat were separated on 12%
SDS-PAGE and probed with polyclonal rabbit
anti-pCREB antibody. Actin was used as an inter-
nal control. B : Expression ratio of pCREB was
represented as optical density from band of x-
ray film. Values represent mean +SEM (n=4). For
statistical analysis, we conducted two-way ANOVA
followed by Tukey’s HSD. * : significantly different
from control (p<0.05). C : control, F : fluoxetine.

of vl @As] Frike #EE 5 AATHIH 3A).
BARE W Fo5ore
Co52 ¥ frelst Aoz} molx] kgtort(n=4), Fl14
317 alimke] Ag-of Cld<rel wisf 3u) o4k B4 F7}
£ B3(p<0.001 s n=4), A= oA et
SEH1HE 3B). web EFARE 7R FAE A5
24 alrteld pCREBE] &40 S718Hs 213 4= 9l
Atk

4, Nt4 CREB 231t pCREB &4 M3t

)z A7HH CREB¥ pCREBS #23t Ax), ¢t
7171 C5+2] CREBR.EF 71711 C147-2] CREB %
o] AA3] 7Hadom (p=0.001 ; n=4), pCREBS C5
8} Cl4 Afole] &4 AfolE Eelgk = Gt TH
4A). wEbA, tiErh ARl AdeE 4 CREBY] '
ol EOi 1, CREBS] &3} &hitslA] Satrhe A

CREB2 F5—TL°ﬂ v&] F14-2] wdo] ot s
i"ﬂ O} frolstAlE dgkom, Qs CREBS! pCREB

& 14U7F FoJE A9 Foel| vlel Fl472] @4lo]
4 F7keRglom, EAACE felskglvh(p<0.005 ;
n=4) (1§ 4B). EFA=e| 93] CREBS] HdS 27|
of S7H5 Holth} A7|Ito R ASE thh AAs| T,
pCREBS] &A1& 7|t Fofalol S718ks & = U3l
ok AR 92308 v CREBS] w33} pCREBY &
do] tiztel] njsl EFAE FoirolM F7HE BSith

The intensity of expression ratio
(optical density)

>

[ sdays

8 [ ] 14days
7L T
6 |-
5L
4L
3 |- *
L -
1 |-
0

CREB PCREB

[ sdays
T [ ] 14days

*
6 T <

(optical density)

The intensity of expression ratio

0
CREB pCREB

Fig. 4.

Expression patterns of CREB and pCREB in rat hippocampus after fluoxetine treatments. A : Hippocampus of
control rat. B : Hippocampus of fluoxetine-treated rat. Expression ratios of CREB and pCREB of hippocampus
of control and fluoxetine-treated rats were represented as optical density from band of x-ray film. Values
represent mean+SEM(n=4). For statistical analysis, we conducted two-way ANOVA followed by Tukey’s
HSD. * : significantly different from the 5 days group (p<0.05).
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7o NAZ7|7} Agehs d 490 2% By
= b NCAM140 # AAE7] Ao #sh A 1
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AFEoAA NCAM140 mRNA 2&E F4ola} v wi
A3t A3} 285 9449 NCAM140 mRNA o] 2
H| 7kash 10" W yste] 2853 NCAM1402] &
S AL ot Sekio} Arai? 7t 4391 oA
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CREB tjoFst f7dxke] 285-$ol| 9l cis—acting
enhancer! cAMP response elementel] Z3slo] H-
A} AARE 2748k, CREBS serine 133WAl 27]7}
QakstE A (pCREB) 248kt pCREBY] 293}
= cAMP 728} protein kinase A(PKA)2] E/J3HE
1} ok} Ca**—dependent protein kinase5<] 43
slof] gl dojuh= Ao dEAa, AREUOY =&
2oz el S nXE ket F9-2AIEY] ¥
29 31 Bl (target) 0.2 2838 Aolgl= FsAS
AN V2 F-2A|9L Pste] AHHoR AT
Ha gtk dA7EA 2] Al oJshd A1 924
fFol & CREBY 4 F7isl 43t stk
1L QI % Nibuya 57 & ZFAE} o2 &
s AF e @7)7kE 713 Fol 3 27 gfjnfelA]
CREBS] mRNA G5 ERIsIIth EFAR i)
735 39 o T o] F7hE Holal, 109 Fofgh
739+ vzl 1|8 CREBS] mRNA ¥&o] 50% ©]
& 1oL Harsle] EFARIS] A7 Foi= CREB
mRNAS] 2d S7Fe fEgtia Husioitt & A
JME EFARE @713 7IRE BF el Fo - 3
vl 9] CREBS] %y} pCREBY &84S st 2
3, CREBE @71t Foie] ¢ thxwst E7A419
ol Atolef] ki zpol7h glglont, A7IRE Fofae
©717F Foddtel s ks Ado] QAT tix
O] AaFnvt @dAs] 22 Aog Hol EFAHI]
CREBS] '#d S7lel 935 v 73S gaiglon,
oldle] A ATET 3 fAket AP} PAE g,
pCREB 7|3t Fofiro] thzre] vla) 4ue] 57+
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Nakagawa 5V ofn] 44t 217 sjule] npgs Al
7M. CREBS] 2d3te} PSA-NCAMS| &%
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TRt SR AT Tl 432 smfellagt
Z7FEE S g11sk] PSA-NCAMe] 28] pCREBZ}
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Tk CREB 7|3t ool tizarel vls) dd S7t
= EOL Wb @73 ol i tha 74 l~ 73
& H3lou pCREBY] 242 4713 Foiake] 7
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