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Gene Expression Analyses in Hypothalami of Immobilization-stressed
and BoshimgeonbiTang-treated Mice Using cDNA Microarray
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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 on hypothalamus using an immobilization-stress mouse as
stress model. Male CD-1 mice were restrained in a tightly fitted and ventilated vinyl holder for 2hours once a day, and
this challenge was repeated for seven consecutive days. The body weights of the immobilization-stress mice were
diminished about 25 percent degree as compared to normal ones. Seven days later, total RNA was extracted from
the organs of the mouse, body-labeled with CyDye™ fluarescence dyes (Amersham Bioscience Co., NJ), and then
hybridized to ¢cDNA microarray chip. Scanning and analyzing the array slides were carried out using GenePix 4000
series scanner and GenePix Pro™ analyzing 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- and signal transduction-related genes were transcriptionally activated whereas DNA repair-,
protein biosynthesis-, 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 - 3.5 fold.
The 20 genes among them were selected to confirm the expression profiles by RT-PCR. The mRNA expression levels
of Tnfrsf1a (apoptosis), Calm2 (cell cycle), Bag3 (apoptosis), Hspe1 (protein folding), Aatk (apoptosis), Dffa (apoptosis),
Itgb1 (cell adhesion), Vcam1 (cell adhesion), Fkbp5 (protein folding), BDNF (neuron survival) were restored to the
normal one by the treatment of Boshimgeonbi-Tang.
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&yol Lolnl S5, Jloln B BSHE ¥ wwl
(hippocampus) 2919l &4o| XGRS ARdo] SEHEE &
a8 UBHACEY AR A A wge Fx AR
(hypothalamus)9] S&lo] Q8] 241 (adrenal gland)ollA] HAlS
Z2E20] catecholaminedl} glucocorticoidE AEHOZ Bu|gloZ
M YolUA Fol 1 ZEE tha dolskch ABHA 32=0)
EEIFTE|F0|ES FPol= hypothalamus-pituitary (5}
A))-adrenal gland (HPA) axisQ] AZAHGAAES B3] BHlAIS7}
HeE=d hypothalamusofl4] EH|E cortocotropin- releasing
hormone (CRH)O} pituitary glandE X155l BAIDE A1=3E
£Q1 adrenocorticotropic hormine (ACTH)o| 2H|E| I THA] 0]
SEEo] gal B4l mlFo] =] AERA $ERQ 2
FE|F0ITT} ABHOE BulPE /WG ZH=CkFg 1),

| A= (Hypotralams) |

‘ lw""wm”"e'eaﬁﬂo hormone (CRH)
& 2 (Interomedial lateral
Nuclei (ML) of spinal cord) S5iR (Pituitary)
l l/’d'embdrooic hormone (ACTH)
S ERE

(Adrenal medulla) | (Adrenal cortex)

| '

Epinephrine/ Gucocorticoid
Norepinephrine {cortisol)

L_F_I

STRESS RESPONSE
(Fight or Flight Response)

Fig. 1. Hypothalamic control of the adrenal gland during the
stress response. (Fight or flight response: a kind of defense behavior including
increasing blood pressure and the blood supply o the skeletal muscles, decreasing
irrlteslt)ilrg)e(i)!d )rnotimy and blood flow to the intestine, and gluconeogenesis and lipolysis in
the

X 9] hypothalamuse= 2l A&, J4], &8s &
7 SSEH)BS (fight or flight) Y& ZHRZM YBF&
A5k TSt F9 SHLERE dokdy) Yol 2228 H
3171 £F SF0]IL  adrenal gland= epinephrine,
norepinephrin, glucocorticoid £} S22 2H] XEE Ed} 9
2 AEg Ao tid QA ¥8e AEshe 7lgolct?

2EFIA Q01 (stressor)2 FA v 7R 2 FRE = AA,
&, 9471, &8 28 89 2218 Q09I (physical stressor)T} R E
79 2HEIS 286ks 318 Q¢! (chemical stressor), &
A, BMHQ BES ASEeEN EQL 2, 3%, 24 88
Qo7 &1 HAA (psychological stressor), A, 311, BH,
WEY 08 FEEE AIEE Q91 (social stressor) 1)1 A
g9, 28, A58 25 €2 Jd) QXY ABEHA £
AL BHORE FHAITIE 8¢ B0l Utk YukEol AEHAE Y
71 vl 3/ AEH AV EEE YHE UEN 488 58

ol F2 HEHE 74 AEYA (immobilization (IMO) stress),
E5AS  (painful stimulus), A& £@  (hypotensive
hemorrhage) 9] YHT ofe] S/ LEH A EME el
2 JehiA 8tt?
4E 2EH 2o AT FEAL U A= A s
OIFOIA|A AU} 19803 Fololl HoiEHA TISH Q5
A=l thel 20 RESEIO M | AIZMEY Blo] @ 1}
HAE AIBE ¢ e 7] U8 §8A} (immediate early genes,
IEGs)9] ¢&Q! fos 9} juni} 22 HALZEQIA} (transcription
factor)Ql WHE mRNA = chill £Zo4 B4l AT E
ol AIZFRCH HES AEHA JUSHG &0l HPA axisol] #
HE SEE0IL 1 £8H] (receptor) EQ &l @F L &4 &
BEAUE. 2B A0 theh FHAZEEE T 2EH A QA
ofl Wkt YAIA (processive) HENQL HAIA (systemic) HERE L}
Ao gAA el 22, IMO AE#E AT olo] diygET
c-fos mRNAZ} K9] cortex®} limbic E2o] AEH A7} 7161A
%, 308-2417F wol WA wWEI LA paraventricular
hypothalamic nucleus (PVH)ol| 2l3izl= viH AAIA &elol 4
Loll= PVHOIAY] c-fos Wl0] MM OE YoluA Fck™
FHoJAl9) cfos WEH AT 919 AEZ A AF FHA}
Wl | d7E A2 B Ha Jet A QA9 AEHA
A5 9 HRE9) £9) HPA axis9 hypothalamusl} ~AE# A~
SEEN 93 UBHME &do] T Bol Yojue
hippocampus 2 E FQ YL E 5l o|FAXL Utk 4
IMO AEz|2Ao] Q3] heat shock proteins (HSPs)Ql HSP27,
HSP705)%, crystallin-aB” £¢] mRNA wdio] £71EAU 413
AZES] MZEo] QP BDNF (brain-derived neurotrophic
factor)*', NT-3 (neurotrophin-3), NGF (nerve growth factor)
S Z2 neurotrophinF9] Wdo| ¥9 hypothalamus 1}
hippocampusoll 4] Zt4 £ U7 S7MEcHE R1E0] 22
o|FoRom (Cox-2)%,
enzyme'’, cell adhesion molecule'?, tryptophan hydroxylase
(TPH)"®, IL-1 (interleukine-1), KGF-1 (keratinocyte growth
factor-1) 5" T} 7] 85, =8}, & LBHLE, YMAE Sof
BUH T dojdle REAXEL 74 2B A ) I wd
o] EZECe AWt B R Y BF dEAEQ) AN |
FA Lol thét 7ol 2.3 ggoln] TE HA |HAL wd
HEol} WwaE |HX}T 45719 FAMol s ZEEQl dF
= B @ g} gich
FZ2EO] v dalZold) Salk dF4 HTEHo] WRE
L]0} Affimetrix A19] oligonucleotide microarray chip2 0| &35}
o 48§ mouseo] AAH AEHA (ZY, £8)U BAH 2B
A (TE)E 7S W AZuRNA @ JRSUEAE £E6l
T x9 PVH 2909l FHA ¢ dEg BMsIeH 1
Zy AEHeE EF (signaling molecule)} neuropeptide
FAXEC] &% ~AEH Aol ZEHCOE WaE i, Hoy
FURES FEAEH A UFFoIAT LHHYR 5
= HFHE 017} peripheral blood mononuclear cell (PBMC)

cyclooxygenase-2 antioxidant

12)
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Hal B2l Fu9 T4 AEZUAE 719 rat?] hypothalamusollA19] FHX} 2k U FHLBHES FAEHA &3

o tholl LEBATEE0! SRIAFE|FC|ZE Melet &, 1L gt
glo] EX1x]= FHALS AA FXAHFEE cDNA microarray
chip@ Ol8slol BHF HI FTITE|FO|E S|
chemokine, cytokineg HIE$ HHH HE FHE |{FAAE
(innate immune-related genes)®} WHE S| X9t &
& FHAANE (adaptive immune-related genes)©] 26
RATH: 238 Y¢EF 8 ok
B 7= TR HA)H (emotional) AEFH A FE9)|
@l F&(immobilization) ~AEH A mouseZEE 0|35k 4
2EH A B39 5459 dhil X9 hypothalamusollA19] &
A} @l H3lE cDNA microarray chipg 0| &8la] 24511
2EH A sl G JHIME Ueidl B EEGME
Q) Alsky X5 o] it fRUdE 2ME S oreF
Aol FNE BAMIESHH SHA ABHOE JIE 4= A
= HEH ZHE MATSILAL Bt
BalslofA] HAZANIRE SHA}L e Yo R /o2
Boll ZA7Iulol0E S eEsio] AEERor 5, WY, B
, B, A7, AeUEE, 28, "l 89 E
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O} A 11l (outbreed)E 458 9] mouse male CD-1(ICR)S 4
ol AFE3IA L (F)uto] 2 = AoflA FUBIKEL. BES ¢
ot 2T2311°0)2} FEIEQl ZH(12A17F B/ ol ASHS
E ZEEE SEHAM AIREAL AIES 2471 AAREA &
FEACH, oF AFOIFEY HE7IE AR F, & Hgol A}
SHAH 4T 2 YT (=103 T4 LEHAF(n=12) 18]
A BEXFETF0=99 A IFSE o FRArt Immobiliza-
tion stressi= rodent restraint cone (Stoelting Co., IL, USA)E
YUl UBSE S0l UL E Al AMBSIHCeH 219 o
FAI 24170, AFA O 71519Tt (Fig. 2.). mouseEF-A
£ 7RAY Aol W= SekrEl 7)o B2 %, digital balance

2 YKt

Fig. 2. IMO stress experiment using a rodent restraint cone.

BAXHIY gEFEN MAE thEd 2ot 5000ml £89)
B Eoiadd S3u SHACERE FS HAUnIE
600gS EF< 3Loll 30271 &7t 28 H =Tl Multiple Roat
Mantle (TOPS Co., Z&H MSEAM-]M) QE7|0)A] 1541712
R F AZE oA FEAY Stadol 22t By duy
otig EziAdol " UeSE7I(R-124A, Buchi Lid,
Switzland)E o188l AYUEH St sHE BHTUE okl
g 418l & Deep freezer(Upright type #725, Forma Scientific
Co. USA)ollA] overnight W15l BEE] 7 &, 72417E¢t
AWF| SZHAZX (Telstar Lioalfa-6, Spain)A|ZiT). CkEEoE oF
0.2m1e] HAZI[EY (400mg/kg)E IMO stressE 7517 miH
308l AlFBINer HyTH T4 AEHATY BRdE
SEY salineg T35

T4 AEF A v W Lofl plastic holderofi4] ZojF A} b}
At A& @341 F, decappingE I E Q3 X EE HES|

HHE E PBS(phosphate buffered saline)oll &7} Wz 23
SIch

4. Total RNAS] BA)
9 hypothalamus FE ZH&EG RNA BEEHQ]
RNAlater™ (Ambion Co. TX)&%ol B %, oF 100mge] 2}
ROZHE| total RNAE 2ZI5ICE total RNAE TRIzol™
(Life Technologies Ltd., MD)& A}&36} protocololl wig}t 2]
BRI CH F& Fole EBE4Z|E 260nmol4] BET &
-B0ColA ESICE Ao JEEE =o|7] Adl ¢ &5 4
oA 217 ZEE 0] ZAE total RNAE A2 &3S F, o
BEg ARSI

5 QHAL SEEL dHE (RT-PCR)

1ug9l total RNAE 65TCoA] 158 &Q} denaturationA(7l &,
Moloney murine leukemia virus@| reverse transcriptase (GIBCO
BRL, MD, USA)g 01835l HE Hul7} 250 ks EgtoliA]
GHAL 2SS #Hole] (DNA mixtureE GTh <DNAE
10mM Tris-HCl (pH8.3), 50mM KCl, 1.5mM MgCh, 0.2mM
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dNTP, 04mM®} 2} primer®} 0.5 U Taq polymerase (TaKaRa
Co., Shiga, Japan)2 ZEHg} 20 no] ¥k &0l PTC-100
Programmable Thermal Controller (M] Research Co., Waltham,
MA, USA)E ARB3lal SZHAch Z24249] primer= Genbankoi]
7159 @7IME e EUE Ay BHE dHsid AMzksined
zi710] @IS ofglst 2 PCR B4 £Ue tian Lok
Denatureation temperature: 95°C, 30%; Annealing temperature:
60-65°C, 303, Polymerization temperature: 72°C, 30%.
(1) GAPDH (Glyceraldahyde-3-phosphate dehydrogenase)
forward 5'-ATCCCATCACCATCTTCCAG-3’
reverse 5'-CCTGCTTCACCACCTTCTTG-3
(2) Cd164 (CD164 antigen, 369bp)
forward 5'-gctaccagaaacctgtgeg-3'
reverse 5’-acacccaagacaaggacgat-3’
(3) Tnfrsfla (tumor necrosis factor receptor superfamily,
member 1a, 327bp)
forward 5'-accgtgacaatcccctgtaa-3’
reverse 5'-tccagecttctectetttga-3'
(4) Calm2 (calmodulin 2, 301bp)
forward 5'-gggacaataacaacaaaggagc-3’
reverse 5'-tcatctcatcaacctcttcatctg-3’
(5) Traf4 (Tnf receptor associated factor 4, 306bp)
forward 5'-caatgtagtcccctgeecta-3’
reverse 5'-tggctetggatggtgtcata-3’
(6) Itgbl (Integrin beta 1, 345bp)
forward 5'-ttggattctccagaaggtgg-3’
reverse 5'-tgtgcccactgcetgacttag-3’
(7) Mor2 (Malate dehydrogenase, 382bp)
forward 5'-atatttggtctgtgggctge-3’
reverse 5'-tcgtccaactccatgtcaaa-3’
(8) Oggl (8-oxoguanine DNA glycosylase 1)
forward 5'-actcgtccattctgeteteg-3’
reverse 5'-caatcactactccaacgcca-3'
(9) Bag3 (Bcl2-associated athanogene 3, 353bp)
forward 5'-aagtcacctectectgetga-3’
reverse 5'-tcagggtctacggaatccag-3’
(10) Hspel (Heat shock 10kDa protein 1, 309bp)
forward 5'-tggctggacaagcttttagg-3’
reverse 5'-tgcctecatattetgggaga-3’
(11) BDNF (Brain-derived neurotrophic factor, 292bp)
forward 5'-tggctgacacttttgageac-3’
reverse 5'-gcagitctttttatctgeege-3’
(12) Dffa (DNA fragmentation factor, alpha subunit, 385bp)
forward 5'-ccaagagtcctttgaggcag-3’
reverse 5'-cttccgaagecatctetetg-3°
(13) Aatk (apoptosis-associated tyrosine kinase, 344bp)
forward 5'-tagactggggtgtggctacc-3’

reverse 5'-tgctactagcccagggagaa-3’

(14) Vcaml (Vascular cell adhesion molecule, 389bp)
forward 5'-cccaaggatccagagattca-3’
reverse 5'-gtcattgtcacagcaccace-3’
(15) Fkbp5 (FK506 binding protein, 365bp)
forward 5'-gaagaccacgacattccga-3’
reverse 5'-aacgactctgaggctttgga-3’
(16) Hspa9a (Heat shock protein, 74 kDa, A, 306bp)
forward 5'-tgctgctgatggacaaacte-3’
reverse 5'-ttcttectgeggtcttect-3’
(17) Cryab (crystallin, alpha B, 304bp)
forward 5'-ctcttcgaccagttcttcgg-3’
reverse 5'-tccggtacttectgtggaac-3’
(18) Calm3 (caimodulin 3, 316bp)
forward 5'-aagcctictecctettegac-3’

reverse 5'-tcatctgtcagcttctecee-3’

6. cDNA microarray 241
1) Probe preparation

Z} sample®] RNAE 50ugl ARSEIQA, 242 Cy3(red)S}
Cy5(green) & ZEXE nucleotide £x| BlolA] total RNAE
templateZ JHANISE QoA YHEX It HEE cDNAE A
Z}3t & 3N NaOHZ templateZ ALSE RNAE AASICH
IM Tris®} IN HCIE HIKlH v8dE S3KIYU F Mico
Bio-spin column™ (BD Bioscience Co., NJ, USA)S o185ld &
OIE free fluorescence dye®] Cy3&l Cy58 HMATLEM
96ul9] EZFA DNA probeE HEXOE AXIIHCE
2) Microarray hybridization

#H|g probes= polyA(dmg/ml in TE) 05ul, yeast
tRNA(4mg/ml) 0.5ul, human Cotl DNA(img/mi) 5ul, 10%
SDS 0.4ul, 20X SSC 4ul9} E§ISH £, 9ol 58, A2ojjA] 5
2 Ul A|7] &, 1,2000rpm O.F 22 S0t spin down AlA 45
BE FHIHct 4B5ALS ok 6H7HS] mouse FHA} HiEE
TwinChip™ Mouse-6.0K  (Digital-Genomics Co., Korea)
microarrayoll 1617} E9QF hybridization E &8 wI=A L, &
A A5l vl Bold A +8& 288 MASKIC
3) Scanning and data analysis

¢DNA chip® scanning® GenePix 4000B Microarray
Scanner {Axon Instruments Co. CA, USA)E Al&5ld S~83I%
I array slide®] scan data B4& 93] & 3|AlY GenePix
Pro™ 4.0 4] programg AMZSIACh

4 %

E Aol Mgt AEH A REE UIEE vUETS LB
@2 (repeated but non-acute immobilization (IMO) stress)ZA1
IMO stress= 193613 H]¢ILt £419] Hans Selyeol 9J8 XS Al
8EIoH YAlols ratd] g LOE R £ AH&SIA
2 HAE A= SuE AREICEY) ZE Held 14 AE
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A SERHOA a9 & AEUAE 718} ratd] hypothalamusoil419] FHAL &8 X #HOEMRS TAE A~ E

Hlae B818  Q0Q!  (physical stressor)yt FHAX Qo
(psychological stressor) o] HEle HEE TEH=D oA
(restraint) ¥ TF ohig}, AL Y TEo QBAE IMO 2E
A A7 whlg = Qe YRIACE IMOE AEMAE 719t &
g 302 Uo] AEH A dh30] W] WEd 24 AEH
A HEZ o] AREED Jr). M8 repeated IMO stressy= B
E 720X ZAE 400 St 1¢ 13]9) IMOE 7HeHA H&
tl chronic stress2}il & 4= A2 M Clokdh A 24 H3l
(adaptive change)E0] Yo{LIH =0 acute modeldA] &3] B
Ol immediate early gene E9| W Qo] EX LIk AE
£ T d2lE, A, /A8 Esleo] dolulAl Bl Fig.
2. &= ABEEBd IMO stress& 7)5h= g8 BoF3 ot 1
3] IMO £EHAE 71dh= ARIT 141710014 6AIZIHA] oh<
TiFsht 2 AfolAE 24108 AMe6ITt Fig. 3. oA B&
e}t Zo] oF 7¢719] IMO stressE 71513 ™ HabZol Blal
ok 20%9] ERAVE EolEx HEE 2O olE &4 (acute)
8l YHE (repeated) IMO stressE 71519 & wl YUK QO Z V)

= UUE BERECT IMO stress ZHO| HT R ARBE 4
T Atk IMOo OISt stress 23} W XA TE A BddugE
Fogh AgTois 42 T 3UMRE EFAC FE=EE
e BHaon 7dxds g4Fd vial |94 A EFA
7t FEEACE

40 } —e—CONT
w —a— MO
T 35 F —a—2A8T
'8
kP
= 30 g
>
3
A 25
20 1 L ' L " 1 i Jd
0 1 2 3 4 5 6 7 8
Time (day)

Fig. 3. Effects of Boshimgeonbi-Tang on the body weights of
IMO-stressed rats. Data were presented as means + SEM. The differences
between the experimental groups were assessed by repeated ANOVA using SPSS
program. The day 0 means the first day when the rats were MO-stressed. (* p¢0.05,

" o001, ™ pd0001 as compared to IMO group: # p{005, ## p001, ### p{0001
as compared to control group)

IMO stress@l BAGId Z4 IMO stress 2 812 IMO
stressQ] B2, AAUN Y AEHA ASHY AFQ HPA &3
AHAY, AEAS Fg e HYAE, HiEvIss dud
FHAHES chilA)E9) Wdlol oigh /1EEQ] |77 BuE
g} AC}. Table 1. oA B HiQl Zo] HPA ol ZIHH o &
HE N-methyltransferase, tyrosine hydroxylase, dopamine p
-hydroxlase, GTP cyclohydrolase I 52 §425& IMO stressol]
Q8 1 o] EriEN tiRE AEA HiEolA 1 g
o] Erigcty Uedx] thEA heat shock protein®] HSP703%
aB-crystallin, J72)11 @& 7Y cytokineQ] IL-6, %] immediate

early gene?l WHE [EMNFE cfos, cjun EH} ZS
transcription factor 9] #8A} wWaio] E7IECHL BAEUS
u, BiHol MEPEAA A F57159 KGF-13% IL-1, J2]3 48X &
FAIAE gloliFe 4E SHRIBlgLE, S8 L F8 JE€E 8}
= osteocalcin £9Q] £715 RAAEL I WHo] AEF Aol 9
8 ZAE OZH IMO stressol] 23] Al 7158 +8IA Eohe
ZoE UFd dHb Jrt FRUZAEY survivalol] Hoidhe
neurotrophin®} ¥&EQ] BDNFQ] Z 2oll+= IMO stressol] th &} il
8ol A2 QZe BEAFEL Y=d A Z 24 wiEEe
A7t 2ME Aol

Table 1. IMO stress-related genes of which functions were
previously reported

Gene Regulation/organ Function Reference
N-methyitransferase t 7 spleen catecholamine  “Jelokova et al.
(PNMT) biosynthesis (2002)

1/ “Rage et al.
Brain derived hypothalamus (2002)
N Ceme [ neuron cell  *Barbany and
neurot(ggzlg factor hippocampus survivor Persson (1992)
V7 "“Schaaf et al.
hippocampus (1998)
Tyrosine hydroxylase catecholamine
(TH) 1/ adrenal biosynthesis
Dopamine norepinephrine  *Serova et al.
Bhydrowlase (DBH) | 7 29remlioyninesis (19%8)
GTP cyclohydrolase epinephrine ‘
| (Geh) T/ adenalosnihesis
Interleukine-1 {IL-1) leénﬂg{mam' _ htercado et al
Keratinocyte growth | / fibroblast, wound healing (2002)
factor-1 (KGF-1) epithelium
Synaptophysin L
ynaplopny hippocampus  synapic  'Thome et al.
. 1/ plasticity (2001)
Synaptotagmin hippocampus
cfos t / stomach |mme((j;|grt]% early
c-jun 1/ stomach mmecﬂ;g:]ee eatly
NGFI-A 1 / stomach immeﬂ:}\% early “Ueyama et al.
synthesis of (2001
Cyclooxygenase-2 1/ stomach sig'nallilng
molecules
Heat shock protein
HSP) 70 t / stomach cheperong
Inositol 1, 4, calcium release  wn
5riphosphate l ; nst(;gale from Mlcu(t;&/;) or al.
receptor (IP(3)R) gang intracellular pool
manganese
superoxide .
dismutase b/ lver
{(Mn-50D)
copper/zinc o o~
superoxide L/ tiver antioxidant O!shl and
dismutase enzymes Machida (2002)
(Cu/Zn-S0D)
glutathione '
peroxidase (GPx) b/ lver
catalase (CAT) b7 lver
' T/ heat shock »
aB-crystaliin hippocampus protein Yun et al. (2002)
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neural cell adhesion V7 ' “enero et al,
molecule (NCAM) hippocampus cell adhesion (2002)
cell - celi and
cell - matrix RrIT—
Galectin-3 U/ liver, spleen interactions, cef Du(mrc et al.
proliferation, 2000
angiogenesis
inflammation, sy,
interleukine-6 (L-6) T / liver, spleen multi-functional Knazr;gée;)et al.
cytokine
i dulati e
T/ mmunomo Klenerova et al.
Prolactin (PRL) . on, {pitvitary
adenohypophysis hormone) (2001)
3 g
Osteocalcin {OC) J / plasma  bone formation Patterson-Bucke

ndahl et al. (2001)

HFoll A= IMO stressoll Qal 1 wh@o] 3kl =
ArEe SEHCE B Hal 684 JHY mouse FQ
A7t X Eo] Qe cDNA microarray chip@ AMRdl ¥
IMO stressZ 713 A8 T3 H4 4T hypothalamusol 4]
#2 RNAE 0|83k 2427} Cy3 (red fluorescence dye, IMOF)
9} Cy5 (green fluorescence dye, H4H2)QE EX$H &, chipoll
213 (hybridize)A| 12X 1 w¥o] E718 (up-regulation) &
HAIS} 243 (down-regulation) FAXIE FohAAUTE

Fig. 4. mRNA Expression profile of hypothalamus of IMO-stressed
rat brain. {Red spol means thé gene of which mRNA expression is stimulated by
IMO stress. yellow spot means the genes of which MRNA expression is not affected
by IMO stress: green spot means the gene of which mRNA expression is repressed
by MO stress)

Fig. 4 @ oll4] B n}9} 20] WIHIE W spot A4
OZE wWHEA G 1 wEo] nekst SEAL} IMO stress
ol g3l L wElo] FA E71sls HHE AuEis =4 spot
(Fig. 4 @)2 Yol 92 FY™oTE walo] Aysl Hol
AL} IMO stressoll 9J8) 1 wo] xsE SRAIE v
it L2 spot (Fig. 4 @) F20le H4ar2d IMO stress
7 TEolA wilo] B3 HEE olRolXE= RS Aulsh=u]
BE HSo| ol spot A0 BTE g SHA wHY IS
UERAT).

ARAD o 63 719 SHAL 12T & 10902 SHA}
S04 A 1 wo] MElE ROE Uehton] 1 715 u
3ol £713 AL HANEO whlol ulah 50%0l4k (1588 E71)
719 spotS e, WA A BUTY waol tha) 75% (15
o} Zt4) o512 Z4AE spotES MUBFNCt (Fig. 5.).

s
&3 - A4

-ol5hE - By

= ey

Fig. 5. Scatter plot representation of the gene expression in
control vs. IMO-stiessed experimental group. X- and Y-axis indicate the adjusted
densities  of IMO-stressed group {Cy3) and the control group (Cy5), respectively.

24 Z & 58709 AL LosHollARE 7.98l0] ol
IR 11 gkddo] 718 er 51709 |ARZE 15sHolA]l 3.5
BI7HA] A A2E LERTH (Table 2). FHAREY 7

HEH URAE

=

o
o'é'}\al

energy metabolism-, lipid metabolism-,
apoptosis-1E]1. signal transductiono] FHE S[HAEY]
mRNA uislo] &H7IEQL PhHol DNA repair-, protein
biosynthesis-, 12]1 structure integrityo] #HE FHAIEY
mRNA 2i30] 4 2SR UERIT) IMO Stress®} #2451
uslgo] 71 RUXE Folc apoptosis®t #WAE Difa,
Aatk, Traf4, Tnfrsfla, Bag3 §0] 129 Z = IMO stressol] 213}
apoptosisE FEAI7|E AAFEY g0l E7Ks AR AT
T} Energy W A2} thAle} ERAGHAIE Atp9A, Atp2a2, Atpbo,
ApoE, Snx2, Srebfl, Vep, Mbtpsl, Mttp 59| wigio] S5 o
O] stress response®] SHAE stressiE-S BloiLly] 918 H&
¥ JYBEOZHE oK E 44, vl&Edle 4A Yol 4o R
Zo)gr} o)9lo] A EAlSHY(signal transduction) 7159 &
AR Prkarla, Akapl2, Fbxw?7, Sh3bp2, G3bp2-pen, Ppp2ria,
Ppp2r5¢, Cend2, Drgl, Mark3, Csnklal 9} wgdo| S8 o
AE stressol] HEH Wol7l5S +BEH= HOZ YT stress
proteini® ZA] Hspa9, CryaB, Fkbp5, Tapbp, Hspel 0] 5715
QI 1 vl ZHE FAX} wE@E & Sk= transcriptional factor
F2A] Tcf4, Tbp, Preb FHAIS] wdHo| HAS] S7I=ACE

Table 2. IMO Stress-related changes in gene expression in
hypothalamus (shaded area indicates the genes which decreased in
mRNA expression)

ORF Fold Gene Function
Al414898 791 Scamp2 secretory carrier membrane protein 2
NBAS324 401 Prkaria protein kinase, CAMP| d:lc[);r;dent regulatory, type

Treacher Collins Franceschetti syndrome 1,

AM51115 371 Teoft homolog
AI747086 361 Rps2 rivosomal protein 526
AB42597 321 Tcfd  tanscription factor 4(development, DNA binding)
NA50T65 321 Sol SoxLZ/S0x6 leucine él‘s)tti):r binding protein in
ABO711 271  Alpda ATPase, class i, type 9A (metabolism)
Al413515 261 Tapbp TAP binding protein (defense response)
AIB05029 251 Capni0 calpain 10 (diabetes development)
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ATPase, Ca+ + transporting, cardiac muscle, slot

prolactin regulatory element binding

ABSTIE 251 Atpoa2 twitch 2 (metabolism) AI596985 151 (transcription regufator, DNA-binding)
A kinase (PRKA) anchor protein (gravin) 12 AW322613 151 CD164 antigen (cell adhesin molecule)
AIB3B130 251 Akapt? :
(signal transduction) : AB46240 151 Melastatin 1 (putative tumor suppressor)
A4BST3 241 Ao MTT Syminase, HE téi‘f‘;glzg'“g- mitochondrial F1 BSOS 151 protein phosphatase 2 (formerly 2A), regulatory
’ subunit A
DNA fragmentation factor, alpha subunit f ;
ARI%Es 231 Difa (apoptosis regulator) AI3B5718 15T  Psmb8 proteosome!;g;og%m]u?:c:ggﬁé?‘)ses)ubunn, beta
AIB37050 231 Aatk  apoptosis-associated tyrosine kinase (apoptosis) NGS5 55, chromatin assembly factor 1, subunit
AIB41577 221 Hspad  heat shock protein, 74 kDa, A (ATP binding) ’ (DNA repair, chaperone)
AB41591 221 Minppl multiple inositol polyphosphate histidine AIBO4B30 451 G protein-coupled receptor 56
: phosphatase 1 $100 calcium binding protein A10
N8B 221 At actin-ike (beta-actin ASD6208 404 (calpactin, Ca2+ binding)
AB4B248 211 Apoe apolipoprotein E (lipid transport) A482475 351 leukocyte specific transcript 1
cyclin D2 Al854799 30 ribosomal protein, large, P1
Al462808 20 ) ) e
T Cond2 (cyclin-dependent protein kinase, cell cycle) Al482502 304 G0/G1 switch gene 2 (cell cycle)
Al465521 201 Snxt sorting nexin 12 (transport) NESATI 30 ribosomal protein, large, Pt
ABS0T38 201 Foxw? F-box and WD-40 domain protein 7, ' {translational elongation)
' archipelago homolog (N receptor signaling) AS4TE8 30| keratin complex 1, acidic, gene 16 )
A6 201 Poom protein tyrosine phosphatase ) (cy!oskeletoq organization and biogenesis)
’ (protein amino acid dephosphorylation) ABMI0 271 ATP-binding cassette, sub-family C
y ——— ‘ ‘ (ATP-binding cassette (ABC) transporier)
AWA1M83 201 Sh3bp? SH3-domain binding protein 2 -
' (intraceliular signaling cascade) AI35486 241 erythrocyte protein band 49
“Cjng factor 3b. subunit 1, 155 kDa a disimeg”n and melalloprotease domain 8
A6BES63 201 St3pt s + SUU AIBAG62T 24} Siniegrin and mefalopic
{(mRNA splicing) (integrin-mediated signaling pathway)
sterol regulatory element binding factor 1 ABAG283 231 pantophysin
A2 201 Srebt {lipid_metabolism, DNA binding) J— poly(A)-specific ribonuclease
AB436% 201  Cyrbt cysteine rich protein 61 ' (deadenylation nuciease)
’ (regulation of cell growth) NBA33 22 calcitonin gene-related peptide-receptor
A6 201 Mblost membrane-bound transcription factor protease ’ component protein
: p (lipid melabplism) _ Alg48940 221 heat shock 70kD protein 8
NGBS 201 Cpsip  Ceavage a”d(%‘ﬁﬁ:e;ﬂigg;nzgec'f'c factor 2 AB45B72 211 serine/threonine kinase 13
; AI503846 204 ribosomal protein 10
AW413390 201 Fkbp5 FK506 binding protein 5 (51kDa) (protein folding) ysosomal-associated prol(:ain yransmembrane 4A
AIB40277 191 vep valosin_containing protein (ATP binding) Aigacses 20 (transporter)
AI503608 181 Igf1 insulin-like grOWth factor 1 (gromh factor) Al505105 Qol 8.oxoguanine DNA.g|ycosy]ase 1(DNA repai[)
AI132520 181t  Drgt  developmentally regulated GTP binding protein 1 NG04 201 mitochondrial fibosomat protein S17
AIB49859 181 Fhit  four and a half LIM domains 1 (development) ’ (protein biosynthesis)
AW214553 181 Ak thym?rr:gul\/al{%nDé?t%;a?lngsglzr)]e 1 AB4683 20 translocase of ;’r;r:sglcgrgk%crzgggsrgil membrane 8§
AB48067 181 Cryab crystallin, alpha B AlB48981 201 syntaxin 8
AIB4007T4 181 63222' Ras-GTPase-activating protein (transport) AISZ50 201 von Hippel-Lindau binding prolein 1
p Al480832 191 galactosamine (N-acetyl)-6-sulfate sulfatase
AIS03761 171 Trafd Tnf receptor associated factor 4 AIBOT33 19 syntrophin, basic 1
AW211960 171 Tnfrsfia tumor nec:rcl);rlzbfeict;)ar {ggi‘ﬁgsiz;]pe"am"y' A173264 191 ribosomal protein S28 (protein biosynthesis)
Ai325498 171 Csnkial casein kinase 1. alpha 1 ABAGTSR_ 191 ey .u:nctophmn |3 -
AIB54196 171 Bdnf  brain derived neurotrophic factor (growth factor) AiB35204 194 mitoc o?mg?e":'bgzg%?hgig;em st
AIBS0378 171 Mark3  MAP/microtubule affinity-regulating kinase 3 3-monooxgenase/ryplophan 5-Monooxgenase
Al132336 1.;? Bagd  Bo-assodiated athanogene 3 (apoplosi) Ag2aer 181 activation protein. gamma polypeplide
ABAGGS 171 Ext2 ;Tg:gzzfn;wgﬂzr':sz tzra(:;re]rszrriTz:n ABS3721 181 Wilms' tumour 1-associating protein
A2SGSTT 16T Mt {lipid_binding transporter) ABAT2TI 18 ( N-termilnal Asrt1 ‘amti)dz?]se_ )
AW321876 151 Polal polymerase (DNA directed), alpha 1 mer::o[r)\t/;) %cc:]mrc: 3% faszwor
- —— — ypiopnan nydroxyl
AIB50723 151 Calm2  calmodulin 2 (calcium ion binding, cell cycle) AIB42933 181 (aromatic amino acid metabolism)
AGd6T1 151 Rpl0 _ribosomal protein 130 AB49117 181 ribosomal_protein L10A (protein biosynthesis)
AW212337 151  HsBstt heparin sulfate 6-O-sulfotransferase 1 proteasome (prosome, macropain) subunit
AIB27085 151 Hspe heat shock 10kDa proein 1 ABLIME 181 (ubiquitin-dependent protein catabolism)
’ (chaperonin 10, protein folding) — — E%E 3
504369 157 Calm3  calmodulin 2 (calcium ion binding, cell cycle) N§a1ses 181 ubiqurtin C"(E';%ii"?ng ;’;%me
AI528687 151 __ ltgh pré?et?r?r;nhobse;ia:as(geg iggii}?:ryre:j&m - AWA12515 171 ribosomal protein L35a (protein biosynthesis)
AIB50037 151 Ppp2rse (B56). gamma (snénal wransduction) NBSITO2 171 Ddx0 DEAD/H (Asp-Glu-Ala-Asp/His) .box polypeptide
- 20 (MRNA processingl)
ARTO7 151 Tobp TATA box binding protein - -
) (transcriptional regulation) AIB42057 1.7] Bcap2d B-celt receptor-associated protein 20
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mitochondrial ribosomal protein L27
(protein biosynthesis)
malate dehydrogenase, soluble
(tricarboxylic acid cycle)
embryonic ectoderm development
ribosomal protein S3 (protein biosynthesis)
sine oculis-related homeobox 6 homolog
(Drosophila) (regulation of transcription)

NBATOR3 161 Ppplch protein phosphatas?s ;t,olr:rzri]talync subunit, beta

Ddt D-dopach(omg tautomerase
{melanin biosynthesis)
Vascular cell adhesion molecule 1
phosphatidylinositol glycan, class O

CD8beta opposite strand (heart development,
negative regulation of transcription)

ribosomal protein 1.7a (protein biosynthesis)
nephroblastoma overexpressed gene
(regulation of cell growth)
sphingosine kinase 2
(protein kinase C activation)

AB4480T 171 Mrpl27

AIB39962 174 Mor2

A462730 164  Eed
A324691 18{ Rps3

AIB49B26 161 Sik6

Al467605 151

AI481879 151 Veami
AI504287 150  Pigo

AIS03059 15)  Bop
ABAT301 15{ Rpl7a
AIBB42 150  Nov

AB47860 15! Sphk2

T, IMO stressoll 9Ja} 1 wolo] AAE RAXE=
DNA repair 3 {HALZ Chafla, Oggl 9 wdo] A3
- Zasiion protein biosynthesis #&3ld Rplpl, Rpllo,
Mprs17, Rps28, Mprs17, Tph, Rpll0, Rpl3, Rps3, Rpl7a 59 gt
Fo) LA ZAHEUL, MEY structure integrityol) Tl
Krt1-16, Adam8, Jph3 S-8AL 1211 M EASHAG BAsI=
R4-Q1 Gpr56, Stk19, Sphk2 9 wdo] zag RACE Vekdt
T} IMO stressoll Wl DNA SAAK)] QR &4tol thgh goir]
2 LAGE 71E22 chromating FA4361= histone-DNA
bindingoll #iGH= chromatin assembly factor 1 (Chafla)Q} 44
A W 44k (Reactive Oxygen Species)9] 270l 9ia A
HE ¥ 8-oxoguanine baseE DNA strandollA] FASH= 49!
8-oxoguanine DNA glycosylase 1 (OgglyS5¢9 wd4Fo] o3}
EOEN AEH A I MA FHALY Yol AAE &4EHE
AeE FFEt

DNA chipE 0|83l UEht 68d] 7] /AR Wi+FE
HIANE S T &) Adl tii] 17719 {EAE 4
slod Z4249] primerE A AGH &, mRNA U8 =58 FEs| B
45k71 Yol RT-PCRE 48514t ¢DNA microarray 244 &
3}, IMO stressoll 3l 9] hypothalamusolA] 1 W&o} &7}

= HAOE UEehd Tnfrsfla, Calm2, Calm3, Bag3, Hspel,
Traf4, Hspa9, CryaB, Cd164, Bdnf, Fkbp5, Itgbl, Aatk, Dffa S
14709] RAAS} O wglo] AaxeE ASE Uehd |RE4 &
oll Veam19} Oggl 18] Tricarboxylic acid (TCA) cycle H4
Q1 Mor2o gt RT-PCR 241 A Y 7§78 FHXAQ] band
intensity € &E3lold TAISGH A Fig. 6. ol AAIHL U
o} 2E A3 house keeping gene®] GAPDH9] band
intensityoll tdl normalized® X2 FEHUCH

IES) Fig. 6. oAl AAIE 41}t Zo] IMO stressol] Qa1
wsFo] Hild fuxll tial AEFA NFEW e B
Hzuige gake FUsEoR B3k fal XIETol tidl
S FTX| Ui RT-PCRE HYSIATE HIS cDNA chipol

A9 B7HIEd dEsl dXsiE 224 Tnfrsfla
(apoptosis), Calm2 (cell cycle), Bag3 (apoptosis), CD164(cell
adhesion), Aatk (apoptosis), Dffa {(apoptosis), Fkbp5 (protein
folding), BDNF (neuron survival)?] §XAFEC] IMO stressol]
s 1 wdol FriHEe AL #HEHULM Oggl(DNA
repair)i} Vcaml(cell adhesion) SAXI7} 1 wHglo] ZAEE A
SF HEHUCE ThE FHANY ZR0lE DNA chip Z2ute}
70l AA LRIGIAIE AT

Bcont
BIMO
aiMO/BO

Fig. 6. RT-PCR analyses of IMO stress-related genes. fach PCR
product was normalized to GAPDH. The total RNAs prepared from the one
experimental group were mixed and then sampled for cDNA synthesis. (Cont: control
group: IMO: IMO-stressed group: IMO/B: Boshimgeonbi-Tang-treated group)

ol B4uiyg X579 hypothalamus RNAo] chgh
RT-PCRE WA= Tnfrsfla (apoptosis), Calm2 (cell cycle),
Bag3 (apoptosis), Aatk (apoptosis), Dffa (apoptosis), Fkbpb
(protein folding), BDNF (neuron survival) f&Zk#i] IMO
stressE B7IEIRE FAAL wHo] BULE E2 11 olYeE
B=ge ATE BoIFYON MO stressZ Wa4E0| YT
A AR Foll4= Oggl(DNA repair) SHXIZO] FE A&
TolA BYeELR 8y 20E Bt (Fig 6).

I #

2 d7E 2850 SE2EYR ¢el A8II Yk, e
IMO stressE 718t mouseE AHBSHKY AE#H A0 FHER B
Helshy Fdo] U 39 7y /A Ue Jue S8
HoE BA6il WEA FHAH Udlol e hexiQl Halzi]
8O AEENE RAUGHCE 50 X} she HEoitt 7
& AEYAE ZAYEISH dTE A% SERY Az 7hd
g ARBEE AE#A F YHO2A] X9 hipppocampus,
prefrontal cortex, cingulate cortex, raphe nuclei, amygdala 52J

A SRS R97t o|ld2 & LEHA Sl Bk
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Al SEXYA A9 F& AEHAE 718 rat9] hypothalamusoil 419 AR W B BLEMES YAEHA W

2 9Ex A1?® Fig. 1. oAl HE HIS} Zo) HPA &9
= Z1gol 9o AEHA AT AR E JgRHo] AE
Ql ~2E#A g1Zo] UERA Lt

S, MEGE, xS, B8, MEZYE 89 MZE§HE
ZEsH= HEATHYE miAQ9  dhiQl  mitogen-activated
protein  kinase (MAPK)’t 5|9l synaptic plasticity®}
remodeling ZH83} Bl FF &9 S4 A= AT
AEole ALE oM Astl TS Feal QR AE#A
A= JAlM T BFUEHE(ES], FH) e MAPKSol &
E7}1/2, JNK/SAPK, p38 MAPK E0] phosphorylation %
ACE T B P ul Aok gk, 34 AEH A uk
d20 A2, StiEE Y4218, 438k, £ fHgkEel
Halso] ME Aolshl UEA FHetl 2 dFollis
2Edg A0 EH ZHE AEUA |FEE 2= UEH P
EYAE F B
AEEIME FOY UA Yol Er1E 5879 |
HARE 7H2U Prkarla, Akapl2, Fbxw?7, Sh3bp2, G3bp2-pen,
Ppp2rla, Ppp2r5¢c, Cend2, Drgl, Mark3, Csnklal §9] fF8AMS
o] A EASH L (signal transduction) 7159 MEASHE wj7)
Aol ALz EIFJSH EF], MAP/microtubule
affinity-regulating kinase 3] Mark3= MAPK9) activationol] &
FE0 tAE gedd Uct olQlel e AZASHYE A
kinaseE9] Wo| §A3] &M AR YalZlth

Sl 2B A0 FE6K H o QX W 7| ANE ) WG]

H#xslo] A= hippocampus 29 AZME7} AZBIA &4
Hris A2 Z odEAd Aded F HEY &
programmed cell death$d2}¢) apoptosisoll Q4 2HiBICtE 2
BT HIol HTY W UskPPP AW A 2EBHA UEE
Q1X5h= hypothalamus®] Z L0l % apoptosis®} BHEE SHA}
E9 walo] 34 3718 RQE UERG2r Dffa, Aatk, Traf4,
Tnfrsfla, Bag3 S9! apoptosis & FAAIEC] W==HAct &
= IMO stressol] QI35 apoptosisE F+2HAI1F]= pro-apoptotic Q1
AFEQ wplo] Ui AR AEst AEd Ao 95 FuY
hypothalamus {JZMEE0] &£4E 4 Aol SHHIUCH

2 4ol ALY BNOUIES o 1989 g FHE
AR HE S JIECE E W, FQ o EHAL
Ql, 4AA1g, Mu] B8 BE + U=t AX 719 =88 =
SHiL 22 & EEoEHN EF5E S3i711 €88 =35l
&g dSliFs RIFARE He RIS AHH,
W, JE, g3, gl 59 FAEE [FEdle AXRIY T
Fo| & ofo] FAEYH A AR YA BEHE AeR

rle

N

o2 &2 1> orr g
ox rjo [m

|>

e

.
A
e

GEA BEAR T 41201 Cyperus rotundus L.9) A EE
R E7IZA B thd] 2f1%9] essential oilg EHFGH=T] 0]
SES0] dEAZsE 93, 18, g &8 9 GelAEE
ZF2 Yeh™ a-, B-cyperene (30-40%)3%} a-, B-cyperol (40-49%)
2]l cyperoone (0.3%) 0] FAEoln o] 2lo| Kobusone,

Copadiene, Epoxyquaine, Rotundone 9 nj&} oilf EE 0|F

ol UTEFN Axele ZmUED AlEOl {FE (Ziziphus
jujuba Mil)Q] AXE FAEA SAAAE A EFE QA
Z1R)7E G AAU SHK)7H e 22 gisal gul 2
HE, d¥, 871, 8UER 59 gl tigh vt X5 AR
Hof gton nES tAzld 843 BLE 4BFE 89 3
AH J8E ZEEA RARIAF e BE a50] e AL
2 UEA Aok FR HEES betulin, betulic acid, glycoside
jujuboside A, B I2}1 YB vitamin® & {714HF, I8l1
sanjoinine2}1 B2 1459)] peptide alkaloidH7} & 2ol B2}
Hol B3 @ i et 3HH, o] AEY NEXES EX1S A
ol B2l alkaloidF o A ROZ Yeix Uk 2 Ay
9 o 74 JrES EAEdA Gyl tdixE olr] B
H U HEEE BHOE a7 A Hol Aok

20020 ZEE v= NIHS| Galon 1§9] ol 93IH,
Q17+9] peripheral blood mononuclear cell€ 42 Z in vitro
ol A] stress ZEEQ] glucocorticoidE 7}8} %, mcroarray 243
Z 1} chemokine, cytokine, complement family member E& H]
3l innate immune/inflammation T FHAXE0] hRZ
up-regulation ¥ YHH adaptive immune/cell adhesion ZH F
ARE0] ZA¥THE dFANES «ES vl Ak A8d
microarray FXA} chip®} that M EXA0] ThE7) WiEo] F&
3] BIAE A= QAT stressoll 93] inflammation, apoptosis#
, B MZE energythAl B FAXEQ wdlo] F7ix= wl
W, AE FERAE AS iE Y 2 B /8L el
8 FH 14 (angiogenesis) HAZHE cell adhesion FHAIES] 1wHg0]
drEris 5% HEe 2Ych

2 4ge S8 IMO stress7t IEHOE Gl 78IRS
u, 1 weEo] HlEE |AANS0] BAEHA O ol &x)
HOE IMO stressoll thdl AR ZEI71HE HHsk=H FHal
H AZE ASE 4 UL ES) stress ot D X EA Mg 9
T FHA $=E9] drug targetg AB5IH T Vot 2 HEe
S0l 1 Hal7t #olE FHAREY] profile 24& 08314 B4
ey 22 gk X AR NEaNE HBHOE HBE
4 A& functional DNA chip % 24 HAE /Nuksl=n] €&
g « ez AlgEth

a4 &

2 A4S B8 2259 4EEE ZUEA] IMO stressE
7¥t F9 hypothalamus FRollA9] FHAL HIE DNA
microarrayE 0|88l BAFEOEN AEYA JH FQ #d
AFEg d=Etiien wWEE Fo fAUAES LR AEY
& AERrEo] UTHL Ui Ue TS Ml B4uE
2 F0Bl9E W XIEENE transcription $F0lAQ] FHA}
WO WHolA] EHSIALA} SNt g2 fRAXEE 88
BHd IMO stress TS 2B A Q01 2K, g B AER
2 ¥HESol tigh gEel 7188 HolAE RHOU AEd 20
sl HerEQl ME 4ol ZAaE R HIEO] energy metabolism

- 1401 -



oy - AW - gu - & - ol5F

P, protein refolding %, pro-apoptotic T W MZEASH
g A FHAES weol 48] 57188 BESI B4
HES Sl E o B Hal BYE &8 AE-AY o
g g 25 §7t IEE E0IsIH e AEE REAES
42F 3 RT-PCR B4 E EdAE mRNA Lsizto] HEY
1 fAAEe]l R UA JEEE BEBIYECE DNA
microarray & |85l FHASHH x1FgEPEH i FAE /A
SO FHACE B AE A9 guis g &%, 39
8 A Fol digt BRE At W XE55EH #2F5 YHeR
functional cDNA chipo] E€8E 4 USE 2 4EEHRE &
HAISFILA} BHCH.
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