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Effect of Glial-neuronal Cell Co-culture on GFAP Expression of Astrocytes. Hyungmi Bae, Jungsun
Park, and Dongsoo Yeon Department of Physiology, Yonsei University College of Medicine, Seoul 120—752, Korea

Injury to brain transforms resting astrocytes to their reactive form, the hallmark of which is an increase in
glial fibrillary acidic protein (GFAP), the major intermediate filament protein of their cell type. The overall
glial response after brain injury is referred to as reactive gliosis. Glial-neuronal interaction is important for neuronal
migration, neurite outgrowth and axonal guidance during ontogenic development. Although much attention has
been given to glial regulation of neuronal development and regeneration, evidences also suggest a neuronal influence
on glial cell differentiation, maturation and function.

The aim of the present study was to analyze the effects of glial-hippocampal neuronal co-culture on GFAP
expression in the co-cultured astrocytes.

The following antibodies were used for double immunostaining chemistry; mouse monoclonal antibodies for

.confirm neuronal cells, rabbit anti GFAP antibodies for confirm astrocytes.

Primary cultured astrocytes showed the typical flat polygonal morphology in culture and expressed strong
GFAP and vimentin. Co-cultured hippocampal neurons on astrocytes had phase bright cell body and well branched
neurites. About half of co-cultured astrocytes expressed negative or weak GFAP and vimentin. After 2 hour
glutamate (0.5 mM) exposure of glial-neuronal co-culture, neuronal cells lost their neurites and most of astrocytes
expressed strong GFAP and vimentin.

In Western blot analysis, total GFAP and vimentin contents in co-cultured astrocytes were lower than those
of primary cultured astrocytes. After glutamate exposure of glial-neuronal co-culture, GFAP and vimentin contents
in astrocytes were increased to the level of primary cultured astrocytes.

These results suggest that neuronal cell decrease GFAP expression in co-cultured astrocytes and hippocampal
neuronal-glial co-culture can be used as a reactive gliosis model in vitro for studying GFAP expression of astrocytes.
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Z4] g vl 39} Hola A Z el BolH oz EAstE o} F (reactive astrocyte)x= QFA4 o} LA FE(resting astrocyte)
ZA A Ackul A (glial fibrillary acidic protein, GFAP)2] 9= 2] o] 259 ARAAGEA, AAIHA | cyto-
Z7lSo] ERA o7 el vhe A o} A Z(reac- kineS HH] ﬁl—D}(Ferrara et al, 1988; Manthrope et al,

1989). o] ¥h-g-A Holu A FEol| A Fu]= = nerve growth
factor(NGF), cilliary neurotrophic factor(CNTF), brain-de-
rived neurotrophic factor(BDNF), neurotrophin-3(NT-3)E-2-
AAANES] AEEE 27 mE AE ZAAAE B8
o] 9JthMcMillian et al, 1994).
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WS4 o} ZAE S AAHLS shalo] AR 2
ofubs A& ol WolwAE Zx|e) £4H(Takada et
al, 1990), 2= myeling WHEol i H4Frjot A E 9]
ERAONE Yol rk(Smith et al, 1983). o] A LA
ok %o Yoluhs BHE dhekir] wlEel 24
FRFHEE W F79 el ) PAAAE B
Ao Z w3 glri(Callaghan et al, 1990).

HEgA ot mFA S-S M4 AFstaat & v
glob I A4 3] "HoluAEE wiokshi= WS
o]-&3te] giet. &, vt HotzAEE AUl
HolR A Z W ke g4 WolaAdEel FeehAel W
AN E of e} WhSA Wot A XA BulHE A F
5ol ARALEA, A7 A, cytokine S 7]9] £
T4 Fulste 5 715Ad AT A Hol wy)
ull o]t} (Stewart et al, 1986; Eng, 1987). -1&1} go} =&
B A4 27 =g Hol L MES woks wl: ulok 7]
7HE 3ME7A] A s e ek E ARloll A gk D] GFAP
1} vimentin®] hekol AL A -2 = MO et al, 1993).
2| T Fedoroff S(1984)3} McMillian S-(1994)& 124 o}
23439 AL ZAL AN v ek 5 wjore
o} 2 A & di-butyric-c-AMP(dBcAMP) & X g} s}ud o) Al
Fol| A= HHEA ol A Foll A8} epidermal growth
factor(EGF) receptor, laminin S-o] 35w, & geha o
Ec Y 29 Helg 2 5 U ik WolaAE
9} F-AS A Bt vl 9l ch(Fedoroff et al, 1984). ¥hud o))
Wandosell 3(1993)-- 4h-5-A3 o} A E.o] A FEuhe A 732
Aol s F3A171=0] dBcAMP x2ld ksl ol
A Xe] AFEehe A7AHA S Al S dBcAMP
2 Aegt wiods Wolm A Eoltleh k. Hh-gA) HoliA
FohE 3 JlFo] YABAE Yevkan Basgict o)
A7 Hb3A ol FAIS o] AN 2] Rello) obA] B slA|
&tet.

A Hol A A} ARFMNELE A7) dfol] AZ 43
E-E AXA B3 2 F4l0] Dojuh=u(Banker, 1980;
Gasser & Hatten, 1990) ¥ o}z )37} w371 A] A AL E

20
o] o] T3}t ARBAMEY BE g} A4 A ol 7ol
e A2 & 28R glvk(Hatten et al, 1988). et A7
ANEE YA A Hot AL o] B} A, 7]%5 Sl
9EE 718 F Juvks R E glrh(Hatten, 1985; Mearow
et al, 1990). 2 Vige 5(1992)& Mol LA Lo} A7 A
EE A Y o, wikd HolmAENAE nerve
growth factor?] H-u]7} 7hislw, o] wll glutamate Z- 2]
sto] AAAEES ZAsHY wjors Hol a4 Eol A nerve
growth factor2] A§Ade] v}A] Zrhgtebar ¥ asigic. ol
T ol A Ee}t AR ME FA wlFA] A AME] EAY
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Al gtet.
2 AglollAs A7 A Ee Hoba A E FA wfjgko] b
A otug AT sl BRI o8 ¢ 9l Zeo}
g 7HAstell AR A X7 widsd Mol Al E 2] GFAP
9 vimentin 3ol MX= S ¥ uA}l i)

)
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Mg" free Hank’s balanced salts solution(HBSS, Gibco,
Grand Island, NY, USA)oll Wlch. 42 Sul sl 4
2hE AAE 10 ml pipetted o] g-sko =2 Falfsld
o} ool trypsin(Gibco)& 0.13%% A A 7}8E £ 37°Col| 4]
2027} incubationslod A EE Eulslgit). Incubationo]
Byt b8 ol E Nitex filter(Tetko, Elmsford, NY, USA)
#210 g #1300 S-H/AA HAA=AE AAs 2, T2
A X 100 x goll A 557 A4 23t Trypsing: #)
Ast7] Y8l AlZ A EE 4418 HBSSol| A H-5-4]7]
. 0}& thA] Nitex filter #1300]] BA] 7] -8 FA] YAl
Felslodch o] ATHAEE mikHoll APFAIA Nitex
filter #4001 A Zch ol P A QL MELF-N] A=
4= hemocytometerZ o]-&3}o] 243} 31, 75 em’ canted
neck culture flask(Corning)ol] 5 x 10* cells/ml2] X5 & 20
mlE ylo] 1297 sieksl et ik v 3Y wjel o
shslod om], ujokol e 12 g/l NaHCO;, 15 mM HEPES
(Sigma, St Louis, MO, USA), 10 % Azgjo} & 4 (Sigma), 0.5
unit/m! penicillin(Sigma), 0.5 gg/ml streptomycin(Sigma)-&
F3F3 Dulbecco’s modified Eagles medium(DMEM, Gibco)
AL o3t oluf culture flaskiljoll = Hol L A X
2)of] %) A& 7)o} Al E(oligodendrocytes), w] Ao}z AJE
(microglia)7} ZAE o} glon g HotwA|Tyr vh-23}
2o wo g Ralsled wlokslgivh &, culture flaskE
orbital shakerofj 4} 250 rpmo. 2 48A]7F EEolA] ujAjo}
A Ee} AL oA A EI} culture flaskZ HE] o]
AA g F o]l & AAY vhg, culture flaskol] Eoe
ol WA EE 0.05% trypsin { 0.5 mM EDTA £ o 2 30
Z7+ Azt HojAA & F o] & YAE s} Al
E ARGl wigds Flal ARFAFII o]F Nitex
filter # 400 EFAIZ! }2 o] E 5% 10° cells/mljwell 2]
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EEE 6-well wiFol| 4] ujoFslgiet. o] A EEo] o}
SAEY S GFAPd] Uit W3l Mg Asfsle] 3
At oluf] HolaMELE 357A] wijoks}s (Hol
AL G5 wioh), £ 1330 Tgels Wolu A E-
it AR AL FA kol o] Latde). FA] ufokwl
Hola A Z-slju} AZANEE 2537 o vl dsbs] (R A A)
E-HOLZAE FA wljeh, o] F YRE T4 wiok 1323
ol ¥&3H= HE glutamate(Sigma) S ] gl slo] AN E
£ S8V 1397 o ekl

sioh MAMEZ ARt vt

Swh(hippocampus) A17FAIEe) Uxujeke Al
(1988)9) WHl& AR SAslo} wiokalir}. &, YAl 17
~199 % 317 E Nembutal(50 mg/kg)E w37 £ H
55 70% FZL &2 AAsgh E22 AN 3 27
7 ot 3HE AAsla o] & Ca”, Mg™ free Hank’s
balanced salts solution(HBSS)of] ¥ it} glo} 214 djx] &
e o & dnstolA Ak AAR R, o7
A ti¥ 8] & dinkE Belaigich 2el9 dinkE 0.13%
trypsino] E3k5l Ca™, Mg'* free HBSSE 37°Col| 4] 205
7+ incubationslo] AFAEE Helstdetl. Trypsing} 72
AzH 55 AAs] A8 ME AAEL 2413 HBSS
of] AE-FAF)L o] F Nitex filter # 400]] £+ 7] TS
A AR o] AMEHAEE ufoFolloll A
AlA Nitex filter # 200]] EFAZch o]& A QL AEH
FrH9] AlE4E hemocytometerE o] $sto] 2 sl9d 3,
10 pg/mi2] poly-L-lysine(PLL, Sigma)o] 225 L A|S-gl
& 92 6-well sjekgtol] 5x10* cellymle] 52 1 ml
Yol wjeksl i}, ulek 244)7F 2 cytosine arabinofurano-
side(Sigma)7} 1 uMo] 7] fokelo]l Yol o] A4 A E
01919l AIE A oAt o] F 17U Wkl
2 opA ) 390 wle 104 malehelch. wopel e
10% Z-ejol8 4, 25 mM KCl(Sigma), 60 uM putrescine
(Sigma), 20 nM progesterone(Sigma), 100 ug/ml transferrin
(Sigma), 25 pg/ml insulin(Sigma), 30 nM selenium (Sigma),
0.5 unit/ml penicillin, 0.5 ug/ml streptomycino] E&+3
DMEM &0 g zAslqr} o] A X Eo] ARAAZSY
neuron specific enolase(NSE)$} neurofilamentol] tllgh wje

3H8} e sl Belekaiek
HOLMMES} AZMTS| A

ol Ee} AR AE FAMEL 127 AR W

2 Yo AES 9ol shul ARALE wjekel e
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FHZ ojgslgirt. olw] EE L cytosine arabinofur-
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anosidet= 7} A& 0. %7‘“5]-% Hol A F 9] Z=4]L of
ALY Hol = wlef 15A7HE HolAAE AAE ZA
A ol A E] GFAP 9 vimentin W&ol Ak

s -

= UAA e e 984 AR Ee Wy 94
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ol M ZE Sl A, A A - ol A E FA] ul
%A, glutamate HelZ AHAE E4F ol A L)
GFAP 32 W1 5-2 Wed3hel4 514 %7 Western blot
o2 FA4uSIE. Mol e 2 YRaeey
Wio g Algdegict & wiok® AlEE 4% paraformalde-
hydeE- ¥3%t 20 mM phosphate buffered saline(pH 7.4,
PBS)ol] 4°Coll 4] 1087F A slo] A E TEHE whE )
FE-S PBSE A|HE }& 0.1% triton X-100S L33k
PBSol| 4°Col| 4] 2087k =& A1A AEe} A& AlA
stgch. EH-8 PBSE A3l 37°Coll4] 3087 10%
$Hio} €xo] E&E 20 mM PBS(RIEE £-9H)ol incubat-
ionslo] Hl5ol% &l Hdelich Ak &4 vz
IEES 1A Y SN(UAR v E 1% glo] Aekg
oHoll 3] A% A, T£)oll 37°Coll A 60827} incubations}gd
ok 12 39 &o0g wiela T2 PBSE AlH3 ok
22 Y SH(UA vl & F 24 Do) Xtk LR 3] 4
H 7, 4ol 37°Col| 4] 305-7F incubations} gl o). 23} &
A §HE Helx RS oA PBSE AHE o}S gly-
cerol(50%)3% & BEx)9) propyl gallate(0.05%)7} E3F
% PBSE mounts}gict. o] 2 ¥} dujd oz fAxlsln
Kodak Ektachrome 4005 o]-&3}o] AR 7158 slgic).
AL o] Exfebe soll dig Wiz st Gl
% e AES AW A7 e Al

GFAPo}} Ulgh gFx] &= Rabbit anti GFAP IgG(Sigma)
£, vimentinol] tigt A Z 3= mouse anti vimentin IgG
(Sigma)E o] 3} ™, neurofilamento]] i3+ A2 =
g F2 gkA|e]l SMI-31(Boehringer Mannheim, Indiana-
polis, IN, USA)} neuron specific enolase(NSE)ol] o3} &}
2}1¢] rabbit anti NSE IgG(Sigma)g ¢]-8-3}5it}. 2eolA 7]
= = gAY 7 9 A4 wige g 2
Rabbit anti GFAP IgG; 1:100, rabbit anti NSE 1gG; 1:200,
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mouse anti SMI-31; 1:1,000, mouse anti vimentin IgG;
1:100.

2% FAS FF 9 84 gL g3t 2. FIIC
conjugated goat anti mouse IgG(Bochringer Mannheim); 1:
200, Rhodamin conjugated goat anti rabbit IgG (Boehringer
Mannheim); 1:500.

A FE U GFAP ¥ vimentin® Oh 5(1993)¢] whjo g
FE3ha FE% AL Lowry 5(1951)9) e
At A7) 952 10% seperating geld} 5% stack-
ing gel¥ ZAH gel-S A-&38lo] Laemmli 5 (1970)<] 4t
Woll wheb Algeigick. 714 Ed geld Towbin 5
(1979)9] kloll wla} nitrocellulose =F(NC)ol] o] AJH
o <A o] Mol NC 2k 3% BSA/ TBS Ak &o]
IAZE E5HA Aelsted nigold & Ahelglet
NC =5 TBSE 33] 4143} 2 0.5% BSA/ TBSell rabbit
anti-GFAP, mouse anti vimentin-S Z}7}F 1:1000.8 3] s}
o] 247-5 < EEWA WS AT TBSZ 33) AlHe
L peroxidase-conjugated sheep anti-rabbit IgG (Boehringer
Mannheim), peroxidase-conjugated goat anti- mouse IgG
(Boehringer Mannheim)-& 0.5% BSA/TBS-&-Hof| 1:5,000.0.
2 3 4sto] 1417 3087 EERA HHS A oA
TBSE 33] Al"slgic}. 714 & 1-chloro-4-naphthol, 30%
H0,% Agele] AN & 2548 Axsigc o
A BEE AFE oA ImageproZ L o] 83lo]
GFAP, vimentin®] 4tiZel ko7 FAkalgic).

/M)
=

AR e E HotmME 9 HitE HotmA Z o} by A|
gotnMEL GFAP Bt

Bt wikE Holm AT E AR An R A4 97%
ol go] o2ty Wolm A Z g hFig. 1). o] th4y Wolu
AL 5 (monolayer) & o] Sl 7tA] Al& Z2lo] Yol
Yo o] JIZEL A9 RE A Fol|A] GFAPS} vimen-
ting s = Ao Hol th 89 I} Hola AL
g Y+ Y} = wjFD AEESL fibronectin
2 OX-42 dhxjol] sl Wodzleba] o4 S439 Ao
E Hol A follE gl mlAlota AL wioks Al EF ol
EAtA ehge &+ YA TS JehA k2.

LAk Hola A ZEo} A&5H 2F i) Wolx
A E.2} GFAP kS Western blot 0. 2 Z4s}o] Fig. 2A
ol Vbt L xpuljoke ol Al E 9] GFAP k(3
& lane)o] Qb4 Wlo} A E o] GFAP 3HeH($-= lane) Bt}
=3tk Western bloto. & 2431 wjokx] wWolm X g

Bigal &

Fig. 1. Phase-contrast microscopic appearance of cultured
astrocytes. )

Flat and polygonal shape astrocytes are shown( X 200).
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Fig. 2. Western blot analysis of GFAP contents in cultured
astrocytes and in vivo astrocytes. -

A, left lane: GFAP contents in cultured astrocytes. A, right
lane: in vivo astrocytes. :

Blot densities were measured using Image Pro program (B).



Fig. 3. Cultured hippocampal neurons(7 DIV).

A : Phase-contrast microscopic appearance of cultured hippocampal neurons. Phase-bright cell bodies
and well branched neurites are shown{x 200). '

B : Co-cultured astrocytes and neurons. Hippocampal neurons(arrow heads) were plated and cultured
on astrocyte monolayer for 7 days(Xx 200).

C, D : Immunofluorescence microscopic appearances of cultured hippocampal neurons. Double immuno-

cytochemistry of neuron specific enolase and neurofilaments were perfomed. Arrow heads indicate same
cell( X 400).

Fig. 4. Immunofluorescence microscopic appearances of cultured astrocytes.

Double immunocytochemistry of vimentin(A) and GFAP(B) were performed. Almost all cells express
strong vimentin and GFAP(X 200).
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QAHOLIAES] GFAP ¥ HFE|FolA Image
Pro program$- o]-8-5}o blotting density S &4 st Fig.
2Bell Lrehigich o

siof MAMzol XY Y HoluAE-MAMZ
SA| Hf¥

e ook ARAEE A4 )7 B4
Al Wdes AlEAS JHEn ) B E719 A7 &4t
[AY o SI%ich(Fig. 3A). ot AE-AAAE B4 o]
Fe HoLTAT FEE ol ZutA ek % shot
AAANZE 2 9ol oA jekehe S ol &akeleh
AAAZE WobmAES ol A4 AnlZA oA
A due AEAYG B2 719 A4S 2EY
4 ck(Fig. 3B).

R alok WAL B4 L ATe7) Sl oot
22 AgE AYsirh. &, 6-well wickdle)] Yol& &
Al GelolA] vjoks] A EE 4% paraformaldehyde® 313
A}F) 3 NSE$} neurofilamentol] o}l o}E wiods}sha o
Mg AleBslgin). o] XSS A9 BE A FollA NSE,

o &%

wi¥ol S

neurofilamentZ- F-Alol| W& X7 HFig. 3C, D). w}zlA]
wokh vt AR EE AR AT EAS 20 IS

T4 eiv ‘

HOIRMMZ-AMZAME SA dfebo] HOFRMES GFAP
2 vimentin 2Eo0l| olxje *

5 ks Motz ATE A BE A FNA vimen-
tin®} GFAPE EAoll ZslA] whralsiglon dhzhegel v
ol A XL HeE i&ir}(r«‘ig. 4A, B).

ol LA E-AA AL E4] wiokAoll= WolZ AE o
EufjekA) o)) 8]l vimentin®} GFAP wWdo] Z+4% X
Z o] BAY 5 YUrhFig. 5A, B). T YRAZ
oll &= vimentin?} GFAP WH#lo] A& A §A19 AT
E ¥ 4§ l9ch(Fig. 5A, B). 1 HolZAE-ARAE 5
A wjoRAlolle ol A E 9] Bl W E ). Woln
AE D= wjokAlolli= Bzke] Mol LA E wjokAl ) A
Aol B 2 A8 wlad Yo E718 A4 Heel W
ol AEE HAY 4 I 1) (Fig. 4A, B) Hob LA X-
ARAE EA v ols ol XS] HelolA S7]

Fig. 5. Immunofluorescence microscopic appearances of co-cultured neurons and astrocytes(X 200).
Double immunocytochemistry of vimentin(A) and GFAP(B) were performed. Some cells are negative
for vimentin(A, arrow heads) and GFAP(B, arrow heads) immunostain. Co-cultured neurons on astrocyte
monolayer have well branched neurites(C, arrow heads).
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Fig. 6. Immunofluorescence microscopic appearances of glutamate exposed co-cultured neurons and as-
trocytes(X 200).
Double immunocytochemistry of vimentin(A) and GFAP(B) were performed.

Astrocytes expressed vimentin(A) and GFAP(B) moderately to strongly. Co-cultured neurons on astrocytes
monolayer lost their neurites(C, arrow heads).

Table 1. Immunostain observation of GFAP and vimentin expression in astrocytes

Astrocyte culture

Astrocyte-neuron
coculture

Glutamate exposed astrocyte
- neuron coculture

GFAP strong
vimentin strong

negative ~ moderate
weak ~ moderate

moderate ~ strong
moderate ~ strong

7} Zas AE B F AA(Fig 5A, B). Hotz X
ZAAE EA] viekA] neurofilament$} GFAPo|| tht 01'5
wodohsl o -8 AJefsle] Fig. 5C, Doll Vet ¥
FZALZ SlolAl ok ARALoIA B AAEA
S 2 % 919100 $4) b Ho}iA Eol A GEAP
ol Fad AL & & AUrHFig 5C, D).

Hol A E-ARMNE ZA] wlek & glutamate A2 &
ARAALE A7) HolZ A E 2] GFAPS} vimentin

B Ak ] ot Ao Wk FrE
(Fig. 6A, B). AAZAIZE glutamate 2. A 2l sto} EFAIZ

% neurofilament®} GFAPo| tigt o} F w38t g
Al 38sted Fig. 6C, Doll Feliglc}. Glutamate X8 $of|
£ oREe] A7) AR 1A F) IE
ol LA E 9] GFAP -2 AR AE £4 Aol Hlal %57}
= ek

°k/l] glutamate HE]E /‘17311]52-% "‘E A] ‘ % ol
A ZE.2] vimentin®} GFAPYFS] 8- Table 10]] 22Fs}o] 1}
Ei it
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Fig. 7. Western blot analysis of GFAP(A) and vimentin(B) contents in cultured astrocytes(left
lane), co-cultured astrocytes with neurons(mid lane), glutamate exposed co-culture astrocytes
with neurons(right lane).

GFAP and vimentin contents in astrocytes were measured using Image Pro program.

Table 2. Western blot results of GFAP and vimentin contents in astrocytes
Unit (%): calculated values of arbitrary optical density unit and band widih

Glutamate exposed astrocyte

Astrocyte culture Astrocyte-neuron coculture - peuron coculture

GFAP 273 + 041 181 + 032" 2.19 £ 0.62
(100 %) (66 %) ' 80 %)

vimentin 3.52 = 0.67 1.76 =+ 0.55 3.03 + 0.74
(100 %) (50 %) (86 %)

Data are expressed as mean + SE(n = 4). Asterisks indicate values significantly different from the \/alﬁes of astrocyte culture
group. ’

ufokA], glutamate A2l 2 ARBAEE SAA 7] F o}
A E 2 GFAPS) vimentin 35§ Western blot0. 2 &34
3led Fig. 7ol vhEMY 93;\5}7 ’

Mol A E B wiokAl, Mol TALAAAE A ol siAl ] GFAP(Fig. 7A 4%h) 4l vimentin ¥

fo3

MOt A Z-AAAMIE SA| 80| ot M= GFAP
9 vimentin g2kl o|x|&= A3t
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<(Fig. 7B B2 ol Al E gHEujofA] (2 lane)ol] H]
@ HOtRAE-ARAE FA s FA(F 7 lane) a3t
o AFAE &4 Foll=($2 lane) YA F7lste
oFAHS Bt

¢ ‘Western blote & =A% Wolz ¥ GFAP H vi-
-mentin ¥#-& Image Pro program©. & density(Fig. 7A, B
sFhet bandFAE FAFste] AulHQ oz A
Zk-& Table 20l Vehlgir).

ki
2t

HHEA OFEFAFTE FTRAAA AH Aol EelF
ol 22102 gl ubSA ol FAEG FA e
Mot AE AAE QHY ol wA Lo el o8] 25
] cytokine-& H-u|3hch(Ferrara et al, 1988; Manthrope et
al, 1989). Wh-gA HolI A Eoj|4 HulglEs iR
cytokine A A ES] AEEE Z7HA7IH, = AA=
A AL FAAINE Agol UrkMcMillian et al,
1994). ¥b-3-A] Wolw A E = A E ) GFAPY] 3teko] =
e 5 QA Wi} Yoluke A SlolE A%
S, geloty MHE Jdoluiet. 5 w4 MoluAE
o= bR ol A E 9= 2] EGF receptor, microtu-
bule-associated protein 2(MAP 2), A-amyloid precursor pro-
tein 5o] Q= tH(Geistert et al, 1989). & HF-2A] o}
F430] Qoluh RelolA vl Aol ZA%
o\ dchH(Giulian & Baker, 1985). =A% u| Ao} AT
&4 222 FAstel = ole) 259 cytokined Ful}
715 g}k B3] $A8E vtz Eell4] BulEE
interleukin-1(IL-1)0]1} tumor necrosis factor(TNF):= Hh-2-
A oA Eell A £H|HE cytokinedtE 2] AR
F AABL dAsta Wolm AT FAle 22271}
(Giulian et al, 1988; Oh et al, 1993).

TF ARAY A3 AN A7 22} wmE £3
ARA EAA AR E4¢ 4 stad st B
B HHSA ot FAF 7)Aol thet Be AFr} A
o} gtk (Rejer & Houle, 1994). < nlloks] WHol 1A o
1-methyl-4-phenyl-1,2,3,6, tetrahydro-pyridine (MPTP)S- o]
8 B FAsANO Callaghan, 1993), A& Z<
FEAA BHEA ol aFAFE AT E AR ok
YO HOIRAEE A olm A EZ ZHlE o] 83l
£ Rk ey eokd Mol A X U] GFAP ek Al
A ot Al E o] GFAP 3} wl$ 22 5 a1 5
ol kA ol Al E Hrhi= WA ol m A 9 EA
ol 7W7h-g Ao g e ciMonnet-Tschudi & Honneger,

1989; Oh et al, 1993). wh&}A] vk HolZ AL E HH-S

2 Yo

4 ot ZHZS ARHA A o) §AAF el AL

1. »
g obm $AF] B B34 HolaA ¥R
S5 Pelstel okl WU E glovk WA otaa

L 8 3T UL Y AT E48 B, vk
A Wola ks ¢ Helslo] wloksle Ao] dAlz
= &7}tk (Wandosell et al, 1993). = vH-2-A] Holm
AEE DR ik st o] Axe e 9 752
QHY ol AEE YA iR Wik A A% A
o2 47 Wil HheA Mol AEE vl A
L= A9 HaEA ekgkrl(McKeon et al, 1991; Oh et al,
1992, 1993). o]&fol| = Aol A = v|Alo}aLA| Fof| A
of] F59 A4 A A4S AN E cytokine s ¥
ulahe, vl Aot st E- ot A A £ Ao -2 Hol
IAZY AEetel] e AEY 7129 =S HEA
7%= %(Fernaud-Espinosa et al, 1994) ZFA174 A9 AE
5209 A 231 28 wlob) A@atrlrh ol
271wzl

WS4 ok 2429 F Mol Aol ZATAA 2
vls] & 13} TNE7} el A o8 B s ¢l ek(Giulian
& Baker, 1985; Giulian et al, 1988). & XA A A £4F
B9oll= IL-13} TNFO %7} o, WolZ A E ujok
Al IL-1o]u} TNFE A elshd #Holi A £ F4lgo] F
7} SHEH(Oh et al, 1993). FE IL-10]u} TNFE 22 217 Alo]]
Zelebel 2R oA WA obZAZo] ojrhi
Ao g W1 59 cHGiulian et al, 1988). &1} ¥ol 4
X+ EGF(Raff et al, 1983a, b), fibroblast growth factor
(Pettmann et al, 1985), thrombin(Perraud et al, 1987), plate-
let derived growth factor(Besnard et al, 1987)ol] 9J &A=
Z4lo] otk 3, IL-lo|th TNFoll S|4l whoA
o 24 %50] Yol AL b Ao Feigleh =
Hhg A ofiz ZAZS Mol ZAE Al ol 24
£l RAES EAE Yol Aoz waslg)
th(Smith et al, 1983; Takada et al, 1990). o} & uvl-2-A)
obit Z4Ze] 717S obx B3 wlAA gskord, of
2] 713o] BiA o Agale A 22 g ZcHMcMillian
et al, 1994; Reier & Houle, 1994).

Hh2A) o} ZA1Z-S E7]% Mol 4| E process bearing
astrocyte, B== type 11 astrocyte)ol| Al &= LoibA] ¢kt o}
Z}s] Wi o} i1 A 3 (polygonal shape astrocyte, ¥=3= type I as-
trocyte)oll ub ok Aoz deizickMiller et al,
1986; Godfraind et al, 1989). vfjekE ol A EX= 3 A
1Y WotaAEel oAy HolaAEg RiRi¥d
(Godfraind et al, 1989; Oh et al, 1992). t}z+8) “o} AL
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= WiFA] D3F(monoloyer) S o) EWI7IA A& 4] g
AEn 7} Goluhw] E7]8 Wolm Al EE vhzhe] wo}
FAE fellA B2 £715 WA wjdsic) wioks Al
FE9 ol et ¥F o] Aol A4 Hola Al
X (protoplasmic astrocytes) B 41641 o)A E(fibrous
astrocytes)®] H-5F Wl = £ A& oFF FAsA|
ot B Aoy HolZATE UAulokE orbital
shakerE o]§-3le] E7|% ol AT AAs ozt
Y HOlAAMEE L og o] vy wWolnEgrE
AejFsls whyS ol gsleh

B Aol A 17y wolu A9} ARMEE FA o)
WS ZE Wolw A oA GFAPS} vimentin ¥H
£o] &A= g=rl(Fig: 5A, B) ol & o 19
of g Aoz Bt

AR Mol ZAE-ARFAME FA] wlfefA] WolmAEE
i ARAEY A A=A okoly] iy s
olch. AZAE o oln AL Bt Aol A E 7k
S £ AlEe 71-o| Fojale Aoz dey. =
LAZNA] A7 A EE radial glial cell 59 AJE9) 7] )
laminin, type IV collagen, entactin 5ol 250} o] LX)
WA E3F Yol Aoz B uEl9ich(Sephel et al,
1989). &= Vige 5 (1992)2 v A A7 A E-Ho}A)
X FA vfkA] Holz A Eol 4 9] NGFS} enkephalin Y
Aol sl Hbd Hola AL 9= wjokA] AAAE
kY (conditional medium)g X a]s}m ol A Lol 4]
NGF$} enkephalin 4 o] Al =7 §AHE= Aoz B
of wekxl ol A Zoll 4 2] NGFS} enkephalin 4§42
ARBAZAA ZH|E e TARGE WolaiEe} A7
A X FHAQ HZo| Wolgirlm Bxgh ubE gk

o

EA ol IAT-AANELS) A HZo whe} A7

A LA BHlEE A7 AL BA £ A7 oeklz}
(neurotrophic factor)el] 2] =1 d#ko] el LS s1sA)
ot Sl &5} A% o] ArkE|o] acetylcholine HEi= 417
BEFAAY THoz o Ado] Aekwwl 1 A7 o] A uY
I YT THol HIlEY, w A o7 Z4E A
P 3 E]E Aol 5074 Hbrl 24 o
© THAANE A9 23} g Aol Agkg R A
QG UATE BAE 7 EQ Ao 2 A HHDavis, 1983;
Heinicke & Davis, 1985). Wo} i A Z 3= A A Loll4] 2
HIE & ARALEL S A7 % shv] & WolaAE
S AZBAZT N A3 d3ke FE ARG RARY ZA)
7} 39 vl Qlvh(Schwartz et al, 1993). wha}A] A7 Al
7t AFEA LS QR oA LA GFAP I vi-
mentin 37T UehdA) ok 7ol 98 Ao
2 A=,

Hi@ol §

Al th2t] Mol Al E.9] o} (subpopulation)ol] w-a}
AZ Aol gk Ggko] Th2A Uehg7] EY 7154
ojtt. & 22 Jel9] A4 Wol M EE g-adrener-
gic teceptor®] W& §-F(Lerea & McCarthy, 1989), 7-in-
terferonol] 2%+ major histocompatability complex(MHC)
class IT antigen®] induction o ¥-(Wong et al, 1984), ¢,.ma-
croglobulin®] 3453 o H(Gebicke-Haerter et al, 1987),
¥ giutamateE- glutamine©. 2 A 3}A)7] & glutamine syn-
thetase®] )| o ¥-(Hallermayer & Hamprecht, 1984)ol] w}
ok AEEA, AeH J)50] o o7y Woln A
7} ZAeke Aoz Leget. ol ArA) wolaAlEe)
obo] AAH e BERHAE FAuE A7 A Lol A
E8l 5 & ofd cytokineo] £ o} A E 9] subpopula-
tionol| ¢t FF& FU7] WY MR et e
2 AY Auto g ofy vl oz ARM T o)
obZ A E2] GFAP 9 vimentin®] 7447} Az o 2 1}
BRI 94 9l ol 25 TY HAZ 4w

FA wfjokdl WMol A E-ABNEE glutamateoi] 24
A A APAEE EARE ok Zel
GFAP 3] vimentin & &3 22 k4] Z71sld chFig.
6A, B). HiHol] Yol u N £5 ©5 wjkslar of 7)ol glu-
tamate 5 A 8| F-2 vl = Hol 2 A E 2] GFAP 9 vimentin
B goll = Zol7h k(A= dehliA) okgke). ub
thA glutamateXl @] 2 ARME E4F ol E 9]
GFAP 9] vimentin 3 -§o| =713 71 glutamateol] 2]
g e ofyr, o] AAHolA ARNE £45
o}LA|E9] GFAP W o] Z7lsle 343} ul 3t 714
o8 YelS 7hs4ol 3lg Aoz Azt

ol R A E-AH A E FA] wfdA] ol ol Z A E o}
Z w9k Aof] ulsl] Holw Al E W GFAPS} vimentin ¥+ek
2 Frasted, AZJAE 43 0ll= GFAPS} vimentin 3F
o] bl Uit Ag Anks dllnp A ANZ-HolaA
x
5

doll dgFe T+ 2908 A7 w9 Axle] w4 o}
@ 34%9 22 087 4 98E AU
GFAPE Wobsid 2ol 54 0 g EAlslEe 50 kd9]
AE F7 i o] v, vimentin-2 mesenchymal ] Z.of] 4]
FAHE AEG F3hgel A EolA wARE AT 24
Aol rh(Oh et al, 1993). Ho}ZA|EUl GRAPY}
vimentin 3] ZHA= Wolw ALY A=A EE o]
%] 7] = gkeh(Monnet-Tschudi & Honneger, 1989; Langan &
Slater, 1992). &, wlo}7jul: Wolw A3 GFAP 4}
vimentin®] W& -Fo] Lo AQlojA]e] Mol A FE e
GFAP 9 vimentin ¥3-&-2 Yol chRaff et al, 1983b).
Mol AL AANAE Aol Yol & glet.
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& Yeon -5-(1993)7} von Visger £(1994) EGFZ o] 23]
o] ol A F o] GFAP 9 vimentin®] ul3 g2 ZHAA]
7 ARE B33 v Qo). & ol a Al EE B9 wjjo}
(aggregation culture)s} ™ o} 4| £u)) GFAPS} vimentin
ol Adstn] HolaAl ¥l A4EE Aoz By
%l cH(Monnet-Tschudi & Honneger, 1989). & Wol A A E-
AR AL FA) mjkA ol Mol A E BHE ujokA] o] ]
8 GFAP 9 vimentin ko] ZHAE] % +=d(Fig. 5A, B)
ol HolIAEAAME FA Wl oz w WolagE
7t B5d & 9SS GBI ‘
ol gl AYANE Kol efjul AR E- Mol ZAE T
Al wjoy Rl Wolu A F.o] GFAP 9 vimentin 2+ of]
FEFE FT 290E ATE w9 YA HkSA olm =
A5 ZEE ofje) ol A Lo} e A AL
Ahe RYUEE 0|89 F g Aoz Azt
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