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| ABSTRACT I

bjetives : Identification of target genes for ethanol in neurons is important for understanding its molecular
O and cellular mechanism of action and the neuropathological changes seen in alcoholics. The purpose of this
study is to identify of altered gene expression after acute treatmet of ethanol in rat gliom cells.

Methods : We used high density cDNA microarray chip to measure the expression patterns of multiple genes in
cultured rat glioma cells. DNA microarrays allow for the simultaneous measurement of the expression of several
hundreds of genes.

Results : After comparing hybridized signals between control and ethanol treated groups, we found that treat-
ment with ethanol increased the expression of 15 genes and decreased the expression of 12 genes. Upregu-
lated genes included Orthodenticle (Drosophila) homolog 1, procollagen type Il, adenosine A2a receptor, GATA—
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bindning protein 2. Downregulated genes included diacylglycerol kinase beta, PRKC, Protein phosphatase 1,
clathrin—associated protein 17, nucleoporin p58, proteasome.

Conclusion : The gene changes noted were those related to the regulation of transcription, signal transduction,
second messenger systems. modulation of ischemic brain injury, and neurodengeneration.Although some of
the genes were previously known to be ethanol responsive, we have for the most part identified novel genes

involved in the brain response to ethanol.

KEY WORDS : DNA microarray - Ethanol - Brain - Gene expression - Rat glioma.

N B

4578 8-> W (tolerance), 2l (dependence), 7+
3Hreinforcement), 723H(sensitization), Z™(craving)
I} 28 Rkl Bgd AnE zgstan g71H 0 of
2] 7)ol S4& doA We o (morbidity) ¥ A
(mortality) 0.2 o]&7|% 3}, o]e|st oetgo] 28-S
A3 GellA] olalfstal e 5 S Ausk] ¢
M Gl ek AR S22 Nk ARE ¢
ohjj= Ao A gshct?

ofebZel 2%t fxdat ek 71 ol AT | AL
SFE 0| E (glutamate) U 7HH( ¥ —aminobutyric acid,
GABA) o[t o2f3t =8l olleh&el g H471°]
%= (intoxication) &7} ¥ oz wgHow &
HAE W v &L dAel] dofsks Ao®
A ek 10 el ofe] Yme Wk FAAL U
Z}(differential display), northern blotting ~12]37 7%
A Z3 AN (competitive polymerase chain re-
action) & o]t ATolx] THE gho) &3 E 9
T 22 E3H dellE o] 7B fAt defsie
23 R0 {RAAE ATske A AT o
2E ofljke o] 28-S e8] ofslisl] otk FHtel=
DNA array®] &= FAll 74 53019] fd21e] &
S FAAkel= o] 7FsalA HiekY

cDNA Microarray+= Northern blot 2] %418 (Reverse
Norther) o]2kaL & 4= 9leh &, 54 £-%4 probes
WA A7 2 oA A2 mRNAE 78t 2k
Ws FARRE AT 2t ofsh W AlgE A
S} AR A7} obd AehA vluANE E 5 Qltks S5
dlofgk aAIS 71X AL A%k Northern blot¥} 2] =

B 414 probe® BAI] AL 5 Gl L 71

S71A A il AR o mA AAlARkS HIE
VY Aol A1) 57 Aol vhst oM,
ol F, oFe AR50 %7, 54 okzel gk /e 3h
7}

N 1o
o)
"ollr IE-‘Q E%

i 0

2

1 5%t oligo—DNA arraysE o]83F &45g 3
T ARFe] SH-SY5Y A1 5A| ¥ (neuroblas-
toma) AEe] QoA dFgel o8 fiew FHk

A5 BFH(P)
o} vlAs AF(NP) 9] slintel] Qlof f-471e] xfol7} A
TP F3 ol Al ¥ B3 246 7
402 AAE FHAEC] microarraysE ARHste] W
Aol

2 ATdME d4z8&S FFH AFokwF (glioma)
Alzoll 2P o w3716 | f-axke] HeEs 24

3R=%#] DNA microarray s ©]&3lo] golr 1z} st}

di EH
o =]

1. ME Big R EI2 N

317 AAoluFE C6 HEF= Dulbecco’ s modified
Eagle’ s medium (DMEM) ©| 10% fetal bovine serum
(10% FBS) ¥} 100IU/I penicillin, 10 pg/ml sterepto-
mycing 718t} 5715 A8 37T, 5% CO22 vk
7)ellA) wjeFakedct. AlEE 2X 106 cell/10—mm plate
2 E|%5 polystyrene AIE ik Aol a5l o,
24A7Y sRE A E FAAZIT WA E Aol thart
< S5 10 118 plates), AT 10% olehe (35
S5 1%, 8 plates) = #2]3te] 36A1XF wjkatsich

2. 5 RNA B9
F RNA 2]+ Chomcezynski®} Sacchi(1987) ¢ 2
3 7E single—step RNA #2] %4 (isolation met-

- 116 —



hod) & 7§41+ TRIZOL (Invitrogen, Carlsbad, CA) %
oz Feigltt. oleE-S AHlstar 36A1Kke] At &
of| BiRIE AlAEL, 2R 14k 21$34=(phosphate buf-
fered saline) (PBS, pH 7.4) 2 23] A3t & 1ml2
TRIZOLE Wol AZE sfisit). AZS st AES
M2 FHoll 71 & 1mle] S22 ¥ 5 (Sigma, USA)
£ H7ksle] ©hids- WA Aj7]a2 15,000rpm 15+, 4C
oA daltEste] AEs sgEte] AR FEO &
Atk 39 isopropyl alcohol (Sigma, USA) < Yol o
oA 1AIE B2F Al W3] # 15,000rpm, 15
I, 4Cox daResta Asds AAS $ 75% ol
g 1mlE WolA Z 4o} 14,000rpm, 153, 4CollA]
RSt AEds H7kelel thA] dalie]sto] A
NG BF AASISIE FE ol SHAE 158 F
Aol AZA)7] 2L DEPC (Amresco, Inc, USA) #]
¥ 32k ST 30 ulE H7Kste] HSivt EEEEA|
(Spectrophotometer VU 1601, Shimazu, Japan) & ©]&
alo] 3 260nm ¢} 280nm . FFEE S7g3l0] A260/
A2809] Ftol 1.7 o dRIAE Flsiaitt.

72 ofy

i)

3. cDNA microarray

A RS 2] $18l TwinChip™™ Rat—
5K (Digital Genomics Inc, Korea) & ©]4-3}¢] cDNA
microarray S ~3J3}3it}. PCR FHe| &7 F RNA
o} AT F RNAZ 27} annealing WH8 EFES &
Hgt &, 70T, 527t WAEta FEE 9502 Atk
A TR Attt 2H2te] vkl [5XAMV RT
buffer, low dT dNTP, 1mM Cy3(thzZ), Cy5 (43
) —dUTP, Rnase inhibitor, AMV reverse transcrip-
tase] & 413101, annealing ¥+ E3E<) ZH2F A8t
1L 427CoA 1ARFERE WASSITE 0.5M EDTA 5l
& 9o ¥he-& FHAFTE 7k FEel IN NaOH 10 ¢l
£ H7ksle] 37ColA 1087F W3 & 1M Tris HCI
NS 25 p1E RSt ee-gdo] AAE chro-
maspin column®l] FH]¥E ¥H-A4S YW1, 1,300rpm, 3
sk alRElo Z7te] Alsel 100% 252 300
©19} 3M sodium acetate 10 #15 7Fskal —70Ce
A1 3087 W3 & 12,000rpm, 153, 4 CoA gAlE
glsto] e ks AASIA

ARAES A3 & 20 ¢l hybridization ¢ (25%
formaldehyde, 5x SSC, 0.1%SDS) ]| =51 95 TojlA A]

(o3

BN

55 587 2l ¥, pre—hybridization®® ¢cDNA micro-
array®] 39l kg & Aw ZekAE a1, hybridi-
zation chamber®ll %71 58CellA 1617+ F<t W=]3}
Gt} 58T Al 1 A& LEN (2 X SSC, 0.1%SDS) ol &2}
o|EE wof AMFAE A8, microarray & Al
ol Wil 427Tol|lx] 587t FA[sISi). Al 2 Al gt
ZF9(0.1XSSC, 0.1%SDS) ol microarrays YL A2
Xl 183 A8k, o] L 43] WSt 71 % 650
rpm, 57F YalEElste] AZAIH L Microarray scan-
ning< Packard A}2] Scanarrayseries Quantarray&
0]€-3 confocal laser scannings E3lo] ou|x|&
< % GenePix ZEIHE o] g3le] 7t f-3419] F4
AE A% E FAx 3l e BAekL 28 nor-
malization) < 33Tt

o] &d5telld= Digital Genomicsolld #l&-38 Twin-
Chip™ Rat—5K< ol-43lod AFalL, 23] Wk
Ho g 439} U AE G5 7 U Z AR
W 2l olvheS A e 7 Cyb Aokl g
F A 23R gi2rS Cy3 gk ojgt 54 Als
2 FAEte] 7 oolnAE HAA EAISHSITH

MA plot2 A7 % (signal intensity) ¢ Cy5/Cy3<]
VEE HoFE ARt (I 1), TIESS A AIE
M ks Uep, diAo® A (s E) o] &
Aol 2 Asrt o At ghoz A7k 4= glek Al

_‘

SRt 2 AT 71 Holel % 24w e Wbt
thaow 2A wgEr] geolth A%k M #2 vkt
2 2 o7 Ak
6]
4
2
s o =

A

Fig. 1. The MA plot of cDNA microarray of C6 cells fol-
lowing treated with ethanol, M=log2 (CY5/CY3),
A= [log2(Cy5XCy3) ]/2(Signal intensity) .

- 117 -



M=log2 (CY5/CY3)
A=Tlog2(Cy5XCy3)1/2(Signal intensity)
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Table 1. The list of up-regulated genes of rat glioma C6 cell treated with ethanol

GenBank

Fold

accession No. change

Gene name

Function

AI072009

AA924841
AAB58847
AA899463
AA924253
AA900572
AA963299
AA818877
AA924831
AI111910

AA924713
AAB99775
AA925524
AA924450
AA818770

0.8
0.9
0.9
0.9
0.9
0.9
0.9
1.0
1.0
1.0
1.0
11
11
11
1.8

Orthodenticle (Drosophila) homolog 1 Regulation of transcription ; brain development

ESTs
ESTs

Procollagen, type Il, alpha 1

ESTs
ESTs

Adenosine A2a receptor

ESTs
ESTs
ESTs
ESTs

GATA-bindning protein 2

ESTs
ESTs
ESTs

Unknown

Unknown

Cell adhesion

Unknown

Unknown

Regulation of transcription
Unknown

Unknown

Unknown

Unknown

Transcription factor, hematopoiesis
Unknown

Unknown

Unknown

Fold change : log2(CY5/CY3)

Table 2. The list of down-regulated genes of rat glioma C6 cell treated with ethanol

GenBank Fold '

accession No. change Gene name Function

AAB818983 -1.2 Diacylglycerol kinase beta, 90kDa Protein kinase C activation

AA956914 -1.1 PRKC, apoptosis, WT1, regulator Neurodegeneration

AA925378 -1.1 EST Unknown

AAB18834 -1.0 Protein phosphatase 1 Unknown

AA924509 -1.0 ESTs Unknown

AA956749 -0.9 Clathrin-associated protein 17 Unknown

Al071478 -0.8 Nucleoporin p58 Unknown

AAB819260 -0.8 ESTs Unknown

AA997517 -0.8 Proteasome (prosome, macropain)  Ubiquitin-dependent protein catabolism

AAB99606 -0.8 ESTs Unknown

AA818154 -0.8 ESTs Unknown

AA924266 -0.8 ESTs Unknown

AAB59360 -0.8 ESTs Unknown

Fold change : log2(CY5/CY3)
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