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Effects of Boshimgeonbi-tang on Gene Expression in Hypothalamus
of Immobilization-stressed Mouse

Seoung Hee Lee, Gyu Tae Chang, Jang Hyun Kim*

Department of Pediatrics, College of Oriental Medicine, Dongguk University

The genetic effects of restraint stress challenge on HPA axis and the therapeutic effect of Boshimgeonbi-tang on
the stress were studied with cDNA microarray analyses, RT-PCR on hypothalamus using an immobilization-stress mice
as an animal model. Male CD-1 mice were restrained in a tightly fitted and ventilated vinyl holder for 2hrs once a day,
and this challenge was repeated for seven- consecutive days. In the change of body weight it showed that the
Boshimgeonbi-tang is effected recovery on weight loss caused by the immobilization-stress. Seven days later, total
RNA was extracted from the organs of the mouse, body-labeled with CyDye™ fluorescence dyes and then hybridized
to cDNA microarray chip. Scanning and analyzing the array slides were carried out using GenePix 4000 series scanner
and GenePix ProTManaIyzing program, respectively. The expression profiles of 109 genes out of 6000 genes on the
chip were significantly modulated in hypothalamus by the immobilization stress. Energy metabolism-, lipid metabolism-,
apoptosis-, stress protein, transcriptional factor, and signal transduction-related genes were transcriptionally activated
whereas DNA repair-, protein biosysthesis-, and structure integrity-related genes were down-regulated in hypothalamus.
The 58 genes were up-regulated by the mRNA expression folds of 1.5 to 7.9. and the 51 genes were down-regulated
by 1.5 - 5.5 fold. The 11 genes among them were selected to confirm the expression profiles by RT-PCR. The mRNA
expression levels of Tnfrsfia (apoptosis), Caim2 (cell cycle), Bag3 (apoptosis), Ogg1(DNA repair), Aatk (apoptosis),
Dffa (apoptosis), Fkbp5 (protein folding) were restored to the normal one by the treatment of Boshimgeonbi-tang:
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~EHA fHo] BE W FFES0] AU o= BF o
U, B XA, BEREAZN SUA wWHl B
o @7 Ak

ololl JAR= stress TEIQ] FRIQI T4 stress mouse HE S
ol&5k] WA stress U9 £41&9] BhLIQ! 3] 9] hypothalamus
oA 9l XA} vkal Bi5lE <DNA microarray chipg 0]&61c]
2451, stress 25lol G SIHHZ AT f MRS
o §%—% FH8E BA JIEHEg S0l EAMIESE ZHHOIA

BAPHQE k] 7ot 232 LWl Bushs Hiolth

AR D

1. A8
1) 58

oA bl (outbreed)® HE 29:2g9 45F- 7 ICRA
mouse(8}0] QA L Hl A, wBE)E A AMESICE SES ¢
Aok 2(2321C)S HEIEQ ZH(12417 H/eho] ARBH R
ZELE SS40A ASEHAL, AARETAIE, BE)S S+
7} AAREA SEEReH, oF dFY JE HSTIE A
&, &2 dglof] AIEHAUCL
2) Okl

Hp e WEREK 1B BARkolA 7Sk A8 e
o, fLEEES AU HEFim ol JAse] 189 MehHe
I} G452 Table 134 Zrl.

Table 1. Contents of Boshimgeonbi-tang

BEEL HEBS F&(g)
SkiF Cyperi Rhizoma g
BELC) Zizyphi Semen 8
WER Cralasgi Semen 6
EEH() Hordei Fructus 6
34 Aurantii nobilis Pericarpium 5
+8 Pingliige Rizima 4
Wk Phyllostachys 4
e Ponciri Fructus 4
ns Cnidii Rhizoma 4
E-y Atractylis Rhizoma 4
BRRE Hoelon Alba 4
=y Atractvlis Rhizoma 3
A Magnoliae Cortex 3
5 Agastachis Herba 3
BB Amormi Semen 3
meh(tD) Massa Medicata Fermentala 3
HE(R) Glyeyrrhizae Radix 3
EAE Helenij Radix 2
4B Zingiberis Rhizoma 6
£t 84

Biteh - B

3) Aol H=E

5000ml £&9] & FEefiol 4 840gs 57/ 340 30
2712k AR ] % Multiple Roat Mantle (MS-EAM-JM, TOPS
Co., USA) CIE}7]olA] 15A17HE &0l & AAE ZEjA &9
Al EF/P\ELOH 220} #BHe Stiadd g1 ddsEV
(R-124A, Buchi Ltd., Switzland)E o] &8l ZU=sE sith =
ZF BEE A3
Scientific Co., USA)ollA] ¥l BIX|51 &835) g8l &, 72417}
E0F 28] SZE A (Telstar Lioalfa-6, Spain)AlZ3ict.

2 Deep freezer(upright type #725, Forma

2.
1) dgPY 28 2 AR
FEES H4d+(Normal, n=5), #< stress(immobilization

stress; IMO stress)& @4 thx 7(Control, n=5) I1g)il T&
B 5ot A8lF (Sample, n=5)2F 7t7}
250199t} 74 stressi= Rodent restraint cone (Stoelting Co.,
IL, USAYE Toled AESE 2ol BEE Mdslo ARSI
o F9 AP 24174, AFA SOt 7I5ISATHFig. 1).
OFEENE MIE (400mg/kg)S T stressS 7IGHL 302 o]
Edsigion, 3A47H AT ZQolE 9 salineS =
A5

stressE EHS &

Fig. 1. IMO stress with rodent restraint cone

2 AEEE

mouse®] FEES 7MAQ Ao B

X E(OHAUS, USA)E AlEskd &H3)
3 HmE

F< stress DEAIE}E ol] plastic holderoll A EojFAMAL A

SH H Qs HEE HEdlo

PBS (phosphate buffered salinejoll &7} W2l Hus}

g7l @2 =, X}

1‘4

F

ﬂilo
_]M
;R

& &FZA)7] &, decapitations
R g
At
4) total RNAQ) & A

¥Q] hypothalamus FQ|E Z &E38lo] RNA HEMQ] RNA
laterTM £ &2 &, oF 100mg2] Zt k] B E 2E total
RNAE Z22|8199E). total RNAE TRIzolTM (GIBCO BRL Co.,,
MD, USA)g AHS3S1H] protocolol] Wt 22] HHGIRNCH F&
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5) ¢cDNA microarray #4]
(1) probe ZH]

Z+ sample®] RNAE 50pg¥ AIEZID, ZHZ} Cy3(red
fluorescence, tHZET)2} Cy5(green fluorescence, H4lt) &R
X% nucleotide £i}04] total RNAE template SH A}
22 9o FBEA/}I £ E DNAZ H2H}E & 3M NaOH
Z templateZ A}2% RNAE Xﬂﬂ SIKTE 1M Tris®} IM HClE
Hrlsld gigdg &3HK171 & Micro Bio-spin column(BD
bioscience Co.)}g 0183l ORI free fluorescence dyeQ!
Cy3%} Cy52 MATOEZH 9.6000) HBEKX cDNA probeZ
EXOoZ WEICL

(2) Microarray hybridization

o]l probex= polyA(dmg/m¢ in TE) 0540, yeast
tRNA(4mg/mf) 0544, human Cotl DNA(1mg/m2) 5u, 10%
SDS 0.4.4, 20X SSC 449} E8H8E &, 99°ColA] 52, 420
Al 58 HIEAJ7] & 12,000rpm O F 28 &
7 SBHE A5t 4BHE oF 68709 mouse FHAL}
WE® TwinChipTM Mouse-6.0K (Digital-Genomics Co.,
Korea) microarrayo]l 16A]7F &QF hybridization B =5 sl Q¥
HRAL, Rt AESI HIEold At 2 236! A
akel el

(3) Scanning and Data analysis

&QF spin down A]

¢DNA chip®9] scanning2 GenePix 4000B microarray
Scanner (Axon Instruments Co. CA, USAYE AME8I] 43519
1, array slide®] 241 2ol & ALY GenePix ProTM 4.0 £
A4 programZ AIES3SISTH
6) A Bgtgs H4¥kS (RT-PCR)

14g9] total RNAE 65CollA] 158 E9
=, 200U moloney murine leukemia virus reverse transcriptase
(GIBCO BRL, MD, USA)E o835t & Hal7} 25uQ] vis
ZgtdolA] AHA} BHS S @5l ¢cDNA mixtureE PAUCE
c¢DNAF= 10mM Tris-HCl (pH8.3), 50mM KCl, 1.5mM MgCly,
02mM dNTP, 04mM9] Zt primer®} 05U Taq polymerase
(TaKaRa Co., Shiga, Japan)E& Eglgh 20.49] Bhs E5 o)A
PTC-100 Programmable Thermal Controller (M] Research,
Waltham, MA, USA)E A6l S22t 24219 primer=
Genbankol] 7128 @7|42E BT HLd 2AE Heisko
HAGIR oM 27l ¢drMge ope et

- PCR 41 77

Denatureation  temperature: 95T, 30%;

O} denaturationA)?1

Annealing
temperature: 60-65C, 30%; Polymerization temperature: 72°C,
30x£.)

(1) GAPDH (Glyceraldahyde-3-phosphate dehydrogenase)
forward 5-ATCCCATCACCATCITCCAG-3'
reverse 5'-CCTGCTTCACCACCTTCTTG-3’

rr

38

(2) Tnfrsfla (tumor necrosis factor receptor superfamily,
member la, 327bp)
forward 5-ACCGTGACAATCCCCTGTAA-3
reverse 5-TCCAGCCTTCTCCTCTTTGA-%
(3) Calm2 (calmodulin 2, 301bp)
forward 5-GGGACAATAACAACAAAGGAGC-3
reverse 5-TCATCTCATCAACCTCTTCATCIG-3
(4) Itgbl (Integrin beta 1, 345bp)
forward 5-TTGGATTCTCCAGAAGGTGG-3
reverse 5-TGTGCCCACTGCTGACTTAG-3
(5) Oggl (8-oxoguanine DNA glycosylase 1)
forward 5-ACTCGTCCATTCTGCTCTCG-¥
reverse 5-CAATCACTACTCCAACGCCA-Y
(6) Bag3 (Bcl2-associated athanogene 3, 353bp)
forward 5-AAGTCACCTCCTCCTGCTGA-3
reverse 5-TCAGGGTCTACGGAATCCAG-3
(7) Hspel (Heat shock protein 1, 309bp)
forward 5-TGGCTGGACAAGCTTTTAGG-3
reverse 5-TGCCTCCATATTCTGGGAGA-3
(8) Dffa (DNA fragmentation factor, alpha subunit, 385bp)
forward 5-CCAAGAGTCCTTTGAGGCAG-3
reverse 5-CTTCCGAAGCCATCTCTCTG-3
(9) Aatk (apoptosis-associated tyrosine kinase, 344bp)
forward 5-TAGACTGGGGTGTGGCTACC-3’
reverse 5'-TGCTACTAGCCCAGGGAGAA-Y
(10) Vcaml (Vascular cell adhesion molecule 1, 389bp)
forward 5'-CCCAAGGATCCAGAGATTCA-¥
reverse 5-GTCATTGTCACAGCACCACC-¥
(11) Fkbp5 (FK506 binding protein 5, 365bp)
forward 5-GAAGACCACGACATTCCGA-3¥
reverse 5-AACGACTCTGAGGCTTTGGA-3
(12) Calm3 (calmodulin 3, 316bp)
forward 5-AAGCCTTCTCCCTCTTCGAC-3
reverse 5-TCATCTGTCAGCTTCTCCCC-3
7) EAAR
Zh Aol E8ue d+aEd
T Aol theh wold2 SPs
Alg5kd ANOVA testZ ZHA3IIL
O Aot Qs ALE AFBIA

A2 VERAICH
S ZE I (ver. 8.0)&
, patol 00101510 B0l

N

>,
i)
o,
L

1 H=9 #Hal
A8 A 1l 49 ASS &7RIeL, 48T
HETY HES 40 A4 48 Al 2458 797K o
501 FHarol vl FY4(P<0.01) YA AE 247t AR
1= Adalzto] tlRTol vl {e
A (P<0.01) AUA AE dBo| E7EIckTable 2).
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ui
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.
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Table 2. The Change of Body Weight

The change of body weight(%)
jday  2day 3day 4day bday
155067 40%25 75%37 0646 124260
Conlrol 6117 -112#820F -101331* -124+25" -95+21% 13033 -120+26"
Sample -45+23 7413 74810 A514™ 40814 -13x14% 69£217

a} mean*SE Data is express as mean£S.E. Normal: Mouse with no IMO stress, Conlrok
IMO stress mouse for 7days with saline administration Sample: IMO stress mouse for
Tdays with Boshimgeonbi-tang *: p001 compared to Normal, ™ p(0.01 compared to
Control

tday
143£51 16737

Tday

Normal

2. ¢cDNA microarray £4]

WIS spotE FUHOE WA EALY I gt
o] njokst FART IMO stressol] Q8] 1 wl3lo] IA E71s)
HHE Anlohd =M spot2 BhlQl AR HAEOF i
o] AEs] Hlo] 2L} IMO stressoll Q)3 whglo] AHAE = 3
AFE Qo). hE spot®] A Rol= Eir T AT EFol

L

&

L

r

Fl

A W0 Hl5E HEE ol2oiNE AL onlsh=t BE A4S
oll 101 spot M| AT FFAL wHEYl S LIERICHFig 2).

Fig. 2. Gene expression analysis in hypothalamus of IMO stress
mouse using cDNA microarray.

AN FAA 7heel & 109719 FHAE 79
”‘_OI Aol ASRE UEkton 1 7]E2 2elo]
0] whlol Hlgl 50%014 (1580 £71) &
P e /l ool thal 75% (1.5

eisigint SxA Lol 3§
71X I GenePix Pro’[ManaIyzmg program<
0183lc] Bais A, 24249) 7150) wt—a & s8709) REAL
7 15uollA} RE] 7980l O[E7I7HA] 1 W0 S715152H
51709 REAZL 150l 55HIHAl Za® AR Ukt
(Table 3).

7}51 spotEg, 4t
B 72 Ol5HE A
o 58 Zus

oo
,Q_

¥ spotz

3. AL BEE L JHEFZS(RT-PCR)ol st B4

c¢DNA microarray chipg 01838k LJERt 109471 FH A}
o WoledE HIlAME ShH T &l0lsly] flol YRIFCR 7]
S0l €A e 11709 RE AN Tnfrsfla, Calm2, Calm3, Bag3,
Hspel, Fkbp5, Itgbl, Aatk, Dffa, Veaml, Oggl)E AEdGkd 2}
219} primerE MAKGH £, mRNA Wd &2 J25] 246171

T
98] RT-PCRE 4#5I9iTHFig. 3)
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Table 3. The Change of Gene Expression Quantity in Hypothalamus
of IMO Stress Mouse

ORF  Fold
Al414898 791
AB4B34 401
Al451115 371
Al747086 3671
AlB42597 321
Ai450766 321
Al4go711 271
Ai413515 261
ABS029 251
AiB54T16 251
AB36130 251
A64573 241
AlB39583 231
AIB370s0 231
AB41577 221
AB4i591 221
AlB36381 221
Alg48248 211
Al462808 201
AlBE521 201
AIBEO738 201
AIB363%6 201

Aw413483 201
AlGB6563 201
Al4g261 201
AlB43694 201
Alg3g216 201
Alg41815 201

AW413990 201
AlBA0277 191
Al503608 181
AN32520 181
AlB49859 181
AW214553 181

Fold Gene
200 Rpi10
20| Lapimda
20]  Ogot
200 Mprst7
201 Timméb
20 S8

200 Vopt

190  Galns
190 Snibt
190 RisB
191 pha
190 Mpsi7
181 Ywhag
18] Wap
18]  Niant
181 Toh

181 Rpl10
AlB43948 18] Psmad
AB4A1584 18]  Ubeled
AWA12515 171 Rol3

Ales1702 171 Do
Ag42057 17| Beap®
AlB44807 171 Mml27
AIB39962 171  Mor2
A462730 16]  Eed

Al324691 16] Rps3
AlB49826 161 S

Alg47083 16] Pppich
Al467605 150  Dat

Al481879 15) Vcamt
AIS04287 15¢  Pigo

AIS03059 15]  Bop

AIB47301 15] Rpl7a
AIB38492 15|  Nov

AlB47860 151 Sphi

Gene ORF  Fold Gene
Scamp2 AW211960 1.71 Tnirsa
Prkarta AI325498 171 Csnkial
Tcoft  AlB54196 171  Bdnf
Rps26  AIBS0379 171 Mark3
Tcl4  AM32336 171 Bags
Solt  AlBdeeds 171  BAR
Alp%a  AI256517 161  Mip
Tapbp AW321876 151 Polal
CapniQ AIB50723 151 Calm?
AtpZa?  AI324671 157  Rol3
Akapi2 AW212337 151 Hsbst1
Atpso  AI327085 151  Hspel
Difa  AIB04369 151 Cam3
Aatk  AB28687 151  ligbl
Hspad AIB50037 151 Ppp2rse
Minppt  AIB27297 151  Top
Actl  AIB96985 151  Preb
Apoe  AW322613 151 Cdi64
Cend?2  AlB46240 157  Misnt
Snx1 - AIBS1705 151 Pppria
Foxw7  AI385718 151 Psmb8
Ptpin - AI482525 55| Chefta
Sh3bp2 AlB04830 45) Gorse
Sf3b1 AI506208 401 S100a10
Srebft  Al482475 35)  Lsit
Cyr61 AIBS4799 3010 Relpt
Mbtpst  Al482502 30 GOs2
Cpsf2  AIB54799 301 Rplpt
Fkbps  Al324768 30¢ Krtt-16
Vep  AIB04950 271 Abecl
Igf1 AI325486 24| Epb4g
Drgl  Alg46627 24| Adams
Fhii  AIB48283 231 Ppn
Akt AW227563 221 Pamn

Cryab  AB43531 22  Crep

B80T 181
ABAOOTA 181 G%ZEE’ AIBABMO 22
ABA5T2 21

AI503761 171 Traf4
ORF: open reading frame

ORF
Al503846
AlB46364
Al505105
AlB35204
AlB46884
AlB48981
Ai325940
Al480832
Al607343
A173264
AlB49738
Al835204
Ald2a221
Alg53721
A4
AlB42939
Alg49117

Hspa8
Stk19

2SO EYSGIA Tnfrsfla, Caim2, Bag3,
Aatk, Dffa, Fkbp52] FHALS] w2 S71=R11, Oggldt Veaml
FARLY] U2 Ao 21, Calm3, Hspel, Iighl FFIX}Q] whad
2 FdTe udEEm AY fARKcE sl AEFY)
hypothalamus2] mRNAoj] t]gF RT-PCRZIOJAI= Tnfrsfla,
Calm2, Bag3, Aatk, Dffa, Fkbp5 FZIAIolIA] IMO stressE &7 )
© SR el BAE 52 20O ARl 43S B
o, IMO stress2 Ul p30] ZAEQHE RSO Oggl

cDNA microarray
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w0 NS S0t Stress 52k Mouse®] Hypothalamus 33 A} wiglol] nji)&= Fgk

FHAL wolnlo] §dwF27 355 ArKTable 4, Fig. 4).

Tnfrsfla Calm2 Calm3
Nomal Confrol Sample

Nomal Conirol 8amphk

Marmal Contral 8ampls

Bag3 Hspe1 Oggt
Nomd Condrol Sample Normd Conrol Sample

Hormal Control Sample

Fkbp5 itgb1 Veam1
Nommd Conkol Sample

Normal Control Bample Normal Contrel 8amgle

Aatk Dffa
Normed Coniml Sampls

Normal Control Bampla

Fig. 3. Main gene connected with IMO stress using RT-PCR. Normal:
Mouse with no IMO stress. Control: IMO stress mouse for 7days with saline
administration. Sample: IMO stress mouse for 7days with Boshimgeonbi-tang

=
S

T 05

Q

[

s o4 B Normal
5 40 Cagzrat
s 0 Sample
Q

Thirsdla Calm® Calmd Fibps  Mgbi  dcaml  laf D

Fig. 4. Quantitative anaIyS|s of mRNA expression about main gene
connected with IMO stress. Normal: Mouse with no IMO stress. Control: IMO
stress mouse for 7days with saline administration. Sample: IMO stress mouse for
Tdays with Boshimgeonbi-tang.

Table 4. Quantitative Analysis of mRNA Expression about Main
Gene Connected with IMO Stress

Gene Data/GAPDH
Normal Control Sample
Tnfrsf1a 0.244378 0.339203 0.166779
Calm2 0.394931 0489147 0.382645
Calm3 0542879 0549751 0415543
Bag3 0.370667 0443701 0.393666
Hspei 0.443401 0444761 0.330817
0gg1 0387223 0290426 0383786
Fkbp5 0.239033 0521091 040419
ltgb1 048519 0.486555 0323707
Veam1 0.380392 0.364665 0.260468
Aatk 0.546073 0582726 (.15331
Difa 0.301226 0562345 0.344666

TE 73 house keeping gene9l GAPDHE band
FAE BE|ACHFig. 5).

intensityol] thol normalizedd

GAPDH

Nommal Control Sample

Fig. 5. House-keeping gene GAPDH using RT-PCR. Normal: Mouse
with no IMO stress Gontrol: IMO stress mouse for 7days with saline administration
Sample: IMO stress mouse for 7days with Boshimgeonbi-tang.

al zk

Stress7t QI8FE 8 FE AMEE7] AJESE A2 19404
Seyle'oll Olal “stress= of®l QTof Tthel H¥IA BIE7olgt
He aMg o1&, Be s olo] el HTE AR
L, 212 o] MiEL AR ulglh 52 g uel HiEA
Al 0\1—/]_20)'

StressZ 7HAl0] Reheg F& A ARIolU AF2E Be
715PH, stress@lXtol] TSt 7HAIS] RIS OE BI|% S, % A
A} #BF9 ST AdiA AT HEE JHE 98
Nz s

OlZ¢l stressE FRISl= QIAIE stressorg} oh ol ZH|
v 7HE FREE M, g, 9, 48 Us B89 201 ¢l
A} (physical stressor)} RE £39] B4 ERXE 25 316
& QIA} (chemical stressor), B4, AAAQl BHEg A=Fgtoq
W EQh A%, 3, FE € YO71A sk BUE QAL
(psychological stressor), AR, si1, @A, W= 502 FdT]
= AF3A QIR} (social stressor) 12|11l Yiml, AEY, &€, HT
o T8 2% ¢l QA9 LJEIA e tiAL FolE FEA
71 QIAF 5O UTF?. UWEAQl AEHAE A7) U ERY) A
EfArt SE JEE VBN 488 B ol8FE F&

A EB| A(immobilization stress), &5 A= (painful stimulus)E2)
YHT o] SFY AEHAV EXE YEHE UehdA S
Shefeloll A= BEFOILE SRS ol i AR BB S
ﬁgl HEIE Q14151 OF stress §49] Shulghil HE3IRCH
Y. [ BEno Kol K161, =al Figsim, 7851
FIESHL, ROl K ToM, Bol KELolL, Bal Ksict
1 5l EEY FEigol ’E’\%ﬁﬁﬁécﬂl s MM 2 BRE o
o4 £ ASE UsIH AL, & EohH Kok, HolH Ritsc}
I 81, AR @ﬂ:tﬂl %/I S8 s AHEsINr
Srolate] Ay Bl A= ABFKHtEECE} Sl o1 Ak
ALl dEEOEA BEV7HES IARE 45X slE dlojoprt 4y
259 AV ZReoitl Etord ESh 0171e] FAlu SA|
Al K718 BAR QA 45710 HES EYE EAlGHA
EfED LHE JAAIA O1iGHL ATk olo] Bl [FER 2R
TEGRH]IoN "B, RISH, RIS, RN REE T (3R

- 1589 -



BFEHI Vo BRARE, REET BERER, ‘RREE,
EiEolE} Sl KT FMIEE) TAIZ HYsiEAl,
0] TS 7152 e £ UASS AlXBlL
#HMlr e 59 Fmdl Qi wEol H
Ch 2 S FRIEEY  Eaualon,
Aol gkl 93 AR FEE AALLL
Zoluh, HAE Aol 11 HErt 250}
ol MFG Aol s AEHAE
A

Z27} AAURY YelE wee oblskd 2
3t 7153 HEo] ABHOE Yol Hrh
ZAIFIT Q1A W] Boi7ls
1238 As) B3 2
213, B8 0y 28 587 2

3y ZUEE & 3 HElS Zosl | E —@5}325/26).
Aok= B3| g0l #olo] AkaSh Aol g4 BEA 5o
@, IR, BHE, Tic, RIRE, HEIE QR5EE BEES, 13

W0 g

g FUEZHEA 8] &

8, Wy 18, W=l

day @

FitkE, EEEERE, MEETSY BrrieR gl Fislr]
AP, 5 Soks ST SRR, 1S, ATEASY

A 7HA QIO E Q5 stressE BIOM O] F Q13 HEfE, MEnt,
TER, M SEIR, ST MR, THEH: ARNE SEIE, AR
B OBEE OIEIY IRQHEY AANSHO WESHOE L
ERL) & SHP®. ol2]gt fol719] A1) stressE Q151 EEY
A @Zol) lzurol u|4e AT S,
BOREMEYS EEmEHE YD mksesEe 455t
of BB, EAN BE, ABES NOIL AZ, 5, EFIL, IS
BS BHOEM, KAS fEM, (WE, RE, 18 RNE Sk
RS, MR SO LHEK I BERAS JTE TS EEE
o188 4 lom, Y 4stEY, FTY AY, Askd HY
29| 9178, 20}, BH =9 BAJIZEA Bgd 2849 4 3
T} olojl FWLERES Lol AAY AlgR A818ol, T}
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FFEA BAEhs HTE0] 19808t FRHHEO] AlAtE] o] AHA
Q1A stress A1THer W B39 #Q! hypothalamus-pituitary
-adrenal gland (HPA) axis9] hypothalamusl/} stress G 2 50|
Qg AlFHE &ol 7 Bo] Yojuts hippocampusH21E
FQ AR olof olRoix L Urk.

4] immobilization stressol 2]3ll heat shock proteins
(HSPs)Q1 HSP27, crystallin-aB 59 mRNA 25i0] 7= ALt
89 NAMEY MES "EQEH BDNF, NT-3 (neurotrophin-3),
NGF (nerve growth factor) S Z2 neurotrophin®9] 250]
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Hris BRE%) 220l 0]2olH2M, cyclooxygenase-2
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(keratinocyte growth factor-1y**¥E3} Zo] EZ, 3}, &, A4
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g, AAABSN WAKNOT Poldhs FHNSL T4
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[@hg =n Ry W4
TEEOl WY FHAL ol thEh dpoll L7 JEoiw
W WA FEA U siHont WelE /AL a7 BEd
of tigh Sl A= Hag v gtk

olol AMAR= stressZEO SRIQl F-<r(immobilization)
stress mouse LIS 0186k A stress U9 E459 sht
¢l X9| hypothalamusollA19] FHAF vl H3lE DNA

microarray chipg 0|83} BA51L stress &alol] G5 ook
AMAE Leidl wiuEEol ek RT-PCR 242 3

stressZ AoV Wi EBUSE AF0] FATA TAdchs
A2 o] A4S Esi FBE HPIYSR, & UHINE 48
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H AE A4yt AR e, 48 Al 4428 747HRE Agao] o
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IMO stressol] 9Jall I giddo] Halke fdAlEs S88 2
2 245171 sl 68HA7HY) mouse FQ FAA HAE e
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A9} ZHx¢h (down-regulation) SHAFE ZORHATE. FHA} Lkl
9] A £F AWME 7FX A GenePix ProTManalyzing program
g 0183l0] BAG Al), 4719 7150] Ty & 58709 FHAL
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E71310m O] stress response9] SHIE stress&d&-& HlojL}

7] 951 HHY AYROERE oA E 44 BIESH:s WA

- 1590 -
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7159 FRAR! Prkarla, Akapl2, Fbxw?7, Sh3bp2, G3bp2-pen,
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k= 7182 % chromating T438l= histone-DNA bindingdll
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Y(signal transduction)
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c¢DNA microarray chip& 0183} B4 7IX[H0o] & il
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QE, ABHAIMY 97, on|X] BAY) 98 SoE 7t 4
A7 L Qe SEE TR OE ol SFAL walo) A}

FAX gol AAE &

(o]

ol S0l AE I Mol LEE JIHE 4 e, 018 HE
o171 {dlA1e cDNA microarray 2 QoiZl A3 E o2 A &
He B3l MABTHe walojf. ugznel MaSolet o
£ E0} ¢(DNA microarray 48 O F o7l A1 SollA] E010]
Erile REAE /\‘jEHOPoi RT-PCREQ] JHoF V/V] 015k
= Aolok?, o]@ wale XAIE (DNA microarray A& & 4
Eficte elilg e ¢ %ol/]v ol FUAL Walg RAKE
ZQA 1 e UFs] AIShs Hold xR mpe
XY

powerful $F Ro|t}?. ZHol kol Qof MES HERsta 4

A MEL HENSHE AAHBlo] QA
Ol& 23y ARl eisYl ¥yt AdHTt weld DNA
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7} o] FolF 4 Ur.
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TIPL Ae FOEREY dEE RS eE B48l] A6
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2 &7 FAAL dslo] BYsE Z2 1 oKCR g
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calcium ion bindingshk= cell cycle?|&, Bagd3= apoptosis7|&,
Aatke apoptosis 715, Dffaw apoptosis?|s, Fkbp5e= protein
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11, Oggle DNA repair7]s, Veaml2 cell adhesion”|5& SiCt.
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3] HIDE A= LAY stressol]l O8] apoptosis#Hd, e AR
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stress 2F mouse®] hypothalamus §HA} Walo] nx)= P&k
off tigl RT-PCRE MollA]= Tnfrsfla, Calm2, Bag3, Aatk, Dffa,
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