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Effect of Cytokines on the Growth and Differentiation of
the Glial Cells from Rat Brain in Culture

Hae Kyoung Kim', Yong Ha Youn? Shin Chung Kang’, Chan Woong Park®
and Yong Sik Kim?®

Department of Anesthesiology, School of Medicine, Inha University' and Department of
Phamacology, School of Medicine, Seoul National University’

The effects of cytokines on the growth and differentiation of glial cells in culture were
evaluated to confirm that cytokines could modify the number and function of glial cells.
Proliferation of glial cells was determined by the *H-thymidine uptake and the double
immunostain with anti-cell specific marker and anti-bromodeoxyuridine(BrdU) antibody. To
check the effect on the differentiation of glial cells, the amount of glial fibrillar acidic pro-
tein(GFAP) and the activity of glutamine synthetase(GS) were measured in astrocytes.
And also the amounts of myelin basic protein(MBP) and the activity of 2’,3’-cyclic nucleo-
tide phosphohydrolase(CNPase) were measured in oligodendrocytes. Among the cytokines
used; only interleukin-18(I1.-18) stimulated the growth of type 1 and type 2 astrocyte as
well as 0-2A precursor cell. When the functional changes in these glial cells by cytokines
were tested, IL-18 did not increase GFAP content in type 1 and type 2 astrocyte, but IL-18
increased GS activity in type 1 astrocyte, and slightly decreased this enzyme activity in
type 2 astrocyte. Also interleukin-2(I1.-2) and interferony(IFN-y) inhibited the activity of
GS in type 1 and type 2 astrocyte.

On the other hand, all cytokines used did not modify the growth and differentiation in
oligodendrocytes. From these results we could suggest that IL-18 increases the growth of

type 1 and type 2 astrocyte and also promotes the development for 0-2A precursor cell to
type 2 astrocyte.
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M 1=

Z2NAA N = astrocytes} oligodendrocyte,
S AA e schwann cell%o] A7
A E/E glom, o]F oligodendrocyted} sch-
wann cell& zZtzt 3 9 LXAAA A ¢
(myelin sheath)& A3l NALHF 4
0}’\1 AZMNE B85 AN %
3} (Bunge, 1968), astrocyter -
olfwH #HoJdlm EF9 HEAYWR]
71998t Al g 2olA] WEH AAHREER
AHsAY AAsY, aANRALE

fr NIO
18 l-N

%—.’.‘::EE. }_r.o]

T R mlo
o

W2 Ho o mok
=
_%

oeg

F 9 neuropeptides-9] o8 NAHAZEHY
SAE Ax9e) zta 9lo] o] NBZAZGEA
ds) aFe debd F  Yn(Murphy and

Pearce, 1987), Al AZ 9] wAx7]d v Al
HAME9l o]%FF} positioningo] odsty(Rakic
and Goldman-Rakic, 1982), nerve growth fac-
tor o9 T/t WEAA] 4 FFY
MNZAAE 3k trophic factor& )&t Al7A
AEe] HEN FA4HQ £33 FHE & Qvtn
BExEa 9lth(Dennis-Donints, 1984; Diporzio
S, 1980; Heuman%, 1987; Hunter and Bot-
tenstein, 1989).

a9z HzxF o] £4-& dAY, HPga &
HEo] S48 23 FHoA &42Ad AT A
AAHA F22E¢ Uein, 28 &4
microglia®] &4 o2 13 interfeuking 33
4% 9] cytokineo] B4Y)E 11, astrocytee] £4g =
Aol doju} FFHoR &42Fd ot& wound
Z#H(Rudges, 1989)= ZAFAES
cytokineg T3 WH7|Ho] NAAE &€ NFw
Az F24 8 &3 283 7l 2-d #Ad
& ¢ 5 Ut

A2 ARTAEY BE sl%e] muwd we
ol Axel 44T Bas} Avhae vt 5
I 9low, cytokine® olE MEY HF EE= £
3 #qg £ AoeE 2urt de v 2 A7

healing &

AN A4 AZaANEE #2 wFst] cyto-
kined] 28 o|E Az A7 R3ladHE AE
) Bogn FFA o= cytokineo] olE A
Axe] A% 2L B3 TE 752 Ad #3498 #
A=A & golr gttt

Mz U
DHE

DMEM (Dulbecco’s modified Eagle’s Medium)
& GibcoA]E, 83 Glucose, glutamine, A
A (penicillin ~ G-streptomycin-amphtericin ~ B),
trypsin, DNase I, Bromodeoxyuridine(BrdU)<}
poly-L-lysine2 sigmaA& A}M&3l93,
leukin IB(IL-IB), Interleukin 2(IL-2), Interferon-
y(IFN-y)
(BM)AE, M¥Eo] marker2 rabbit anti-
GFAP(glial fibrillar acidic protein)-2 Sigma#|
X rabbit anti myelin basic protein(MBP)-2

Inter-

5 9] cytokine€ Boeringer Mannheim

Dacopatt, rabbit anti-peripheral myelin#} mouse
anti-BrdU%= MonosanA| Z& AF&3t9ch. 24 8
A4l goat anti-mouse IgG-Rho, goat anti-rabbit
IgG-FITCE B.M, *H-thymidine2 NEN, #}%-4-7]
£ Falcon AE& AM&-314Th

2) W

(1) A1 HE cisjMze| Axjuiet: A5 1
249 SpragueDawley HEE AlL3ld, HE &
gt Ca**, Mg**o] EoldA & 10mM
phosphate buffered saline(pH 7.4: ©]3} D-PBS)
o] 6mg/ml glucose”} 7Ll SHqA th] F
A& 75*]]3}_7’_ meningesE WAWI, 1 mm*E A
A H& ¥ DPBS &9 & & AFH
A &A ’\c}%ﬂ]"‘] 1082 BAE & 4F9E A
Agth 1% 0.1% trypsin(l: 250)¢] &§8#¥ D
PBS &doz dix HHAE FH3 §F 37°CHA
3087t A At 30% F trypsino] £ &4 &
A Ast 10% fetal bovine serum(FBS), 11

6 mg/ml glucose, 2mM glutamine® 50 U/ml
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penicillin, 50 #g/ml streptomycine] 37}¥ Ea-
gle’s minimum essential medium(MEM) o] £
v FA (o]et SSM)& W& o ZANAYHA pi-
petting3le] single cellZ EglA|Zit}h, o] o Ha
d we} MEEZF aggregationo] dojupA Fx=
= 0.002%, DNAse 1& #H7}sled Al&sta, £
H AIXE 800xgolA 1087 94 Az &
2EY & AAstL SSME Hrbgd 28 23&
2¥ Adste A xE £, Al HE F 50 gm nylon
mesho]] FHAIA B HA] & AEXEL A A
i, Fojxl Alxz FE AEFY MEYEES
ZA4% % n)8] 10 #g/ml poly-L-lysineo 2 =
H 75 cm’ wjF& el AEFIE 2xX 107 A
& SSME Hrtste 37°C, 5% CO9t 95% air
g3l 100% $%7F &A% CO, incubator
(Forma)ol| Al M Eujd& AlZgich. wjok 40
Jgn 2 & YFUe 2W¥ SSME ALg&od
vkl & wkat ol

(2) MARMES B2, ui: I3} I EE
ANANAE o)9o & fibroblast, endothelial cell,
microglia L 0] AAAE Fo] o] EXst
o], o] M X3 type 1 astrocyte®} fibroblast=
v Fg-7]o Axs] BAA A Hi, o] Al
X oA ABEJE e phasedarkdt 22 A
FE HFTE F Qo ol MEJ FE 02A
precursor2} oligodendrocyte ¥ type 2 astro-
cyteo|t}.

a#rg 7t typed] AZADAEE Saneto and
deVellis(1987) o} ¥ & AM&-3te] E&f3ldct.

@ 0-2A precursor % oligodendrocyte,
type 2 astrocyte BiZ, Uz} wifE A=t
confluent A =& 7d A= 71vpd F vf<gF 7~
9o SSM& thr] & rotary shaker
(Labline orbit shaker)& A}&3ted 37°Co)A
250rpmo. 2 1A1ZF A"AZ 5 wjgFHN S Al A
3, thA] SSME H7EgE 3 37°Coll Al 300 rpmei|
A BAIZE b HEA[ZICH o] FRb ujffo R

o thA] SSME& #H7tet

olH UL Axs =
o 16~1847F AFE ¥ WA P me o

ot M
flo

£ 33 pm nylon meshel £3A171 & 800 x gof| Al
7F 9A1B g g Alzde v cell pellet
SMo z 263 & 3 ] nylon meshg o
Balw, 1F AEFE S oL 2x10°/em’H
A W 7)o == 9mm Aclar coverslipel] 2
x 105 A MEE @i wigstdt.

9o} o] dojA MEE FZ 0-2A precursor
9} oligodendrocyte @ type 2 astrocyte® 743
Fo} 9low 0-2A precursors= ®jgZ A wat
o] Y= A= type 2 astrocyte=, EHo)
9= A9 A oligodendrocytez E3lETin
24 920 Z(Hunter and Bottenstein 1989)
oligodendrocyte-enriched culturer= 7] ¥WHo
2 dojx MIEE serumfree media(DMEM/
Ham’s F129] 10 xg/ml bovine insulin, 5 ug/ml

v HE

B ot =

human transferrin, 10 ng/ml bictin, 30 nM sodi-
um selenite®} penicillin-streptomycin®] &A=
wjoka s o}sk SFM)eofA 4dF<t o wjkela,
type 2 astrocytes= SSMol|A 447t O] wjFsk &
Ab8-gt}h. 0-2A precursory £33 8)%8-7)9)
Y e 54 489 Agsd

@ Type 1 astrocyte ui2; Type 1 astro-
cytex dollA 7]k 0-2A precursor #E| % Hj
Feolo A% Bol ) Boz W
SSMg 73 300 rpmol A 4A1ZHESE ThA] 2
2 A A, Foldes precursor cellE& A A3,
0.05% trypsine] & D-PBS &doz g3l
AEE Fed F SSMoz MEE A¥Hsa ¢
Al Blek&7)d 5x10%/cm? HE&=
coverslipoll 1~2x 105 A wol v stH ).

9mm Aclar

3) MAWMES MEo i@l Cytokine2 &
o}

A& g3+ *H-thymidine
and DeVillis, 1987)3}
(BrdU)# M 50] markerol] g &AE AM
3led double immunostain B (Yongs, 1988)%
Abgstel Z ks,

(1) *H-thymidine uptake: 2|8 7t AF

uptake® ® (Saneto

bromo-deoxyuridine
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LA EE 24 well plated]] o g F v g
of 43 F%9] cytokined Hr}sted 2¢ F& wt
2.A 71t} Type 1 astrocytee] #A$ vFg 6A7F
=ot, 1&lal 0-2A precursor, oligodendrocyte,
Type2 astrocyte2] Z4-$ol= 24A17 B¢ 53¢
B F ol *H-thymidine(1 £Ci/ml) & ¥7Fe § Hf
FN g AAsL HMEE icecold PBSE A FH3
& 10% trichloroacetic acid £9% 1 ml& Z+ well
of Frlsta 40°CAAM 1A7 ot WA 2
F PBSZ oA AI¥E 3 15& o) AxAI7|AL
0.5M NaOH &9 1ml& 7} welld] go] A&
A 6417 o] solubilize Al7]:2 1% 0.5M HCI
Yoz  FIHAA viale] & A
radioactivity S =33} th.

(2) Double immunostain: Z 217 wA £7}
ok coverslipg 35mm disho) 270% &4 =
< F 1ml gAY S Hsta 4 E=9] cyto-
kine& 29 %k XX 3c}l. 1F type 1, type 2
astrocyte®] 7% C}{tokinei-lal 297 wAE 64
7t &<t 281 0-2A precurror cell#} oligoden-
drocyteol| A= cytokine A g 2¢ £t = ER/Y
2477t &< 10 pM BrdU& w3 7}stod
Aol DNA 3AA] thymidineth4l BrdUe] up-
takedy =& 3tgct. wh3o] ¢ F AlEXs E8
o] w} pre-E= post fixationA] 7] BrdUd| o
A& mouse anti-BrdU(1:10)7} goat anti-
mouse IgG-FITC(1 :50)0 %, A|¥ E£0] marker
Z type 13} type 2 astrocytecl] Al rabbit anti-
GFAP(1 : 50), IgG-Rho(1 :
50) & oligodendrocytes rabbit anti-galactocere-
broside(1 : 10), goat anti-rabbit IgG-Rho(1 : 50)

scintillation

goat anti-mouse

Agsed WARREAL ow, FANAo=
B39

4) AMHwAES| £3lol ch#t cytokines]
&1
ABIAES) BHE AHHE AXE A8
Z type 1 astrocyte®] £33} A== GFAPZ#
glutamine synthetase, Z1#8]1 oligodendrocyte 2}

E23A5+= MBPZ%H# 2,3-cyclic nucleotide 3’-
phosphohydrolase(CNPase) A% SBALE &
sho] v W3R

(1) GFAP 3% MBP immunoblotting;
60 mm disholl vj%E ¥ E PBSE 2¥ AHE
% rubber policemano @ &# F3F F AR
23} cell pellet& Y1 ice cold-PBSo| .83}
o] sonicateste] aliquotE dEvh. 2% 1% SDS
2 37°Co|A 3087 vhegAj7l & 1: 2 serial di-
lutiong %¥+&o] 96 well manifoldd] %¢! nitro-
cellulose membraned]] 100 4% Y 30E%F<tH
WAEE o2 vacuume AMRE AFA A

a% 40°CoA 16~18A12tE¢E wreAZl ¥
horse radish peroxidase’} A% goat antirab-
bit IgG(1 :200)c 2 147k, ABC complex(Vec-
tastain ABC)E& 408%QF w2 A)7]aL 4-chloro-1-
naphrol& ARg-8led @A A7l ©}-& scanning den-
sitometer& Alg-3to] A ksl o).

(2) Glutamine synthetase?l CNPase &
ME: A|el 2o oz HolA cell pelletd]
0.5ml lysis buffer(10 mM imidazole-HCl, 0.5
mM EDTA pH 7.0)& #7183 sonicatedte] &
2EE o2 AT

Glutamine synthetase 845 1ml §H-&f 4

AZ=%7} 40mM  imidazole-HCl(pH 7.0),
3mM glutamine, 0.4 mM sodium ADP, 30 mM
MnCl,, 20mM sodium arsenate?} 60 mM

hydroxylamineo] ¥ =& A7}sli 37°ColA &4
8 dAFE Frrste wrg& AFEka 308 F
40% TCA9) 0.6M FeNO,7} E0ie €9 2ml
2 #Hrlsld By FAHE rgluta-
mylhydroxamate& spectrophotometer& A}&-3}
o 500 nme|A FAEE FA3t AL
(Millers, 1978). 718]3 CNPase 4% =32
Aol A BF) Triton X-100& 1%EA 3
7}gt % 0.2M MES buffer(pH 6.0) oA
1mM 2',3cyclic NADPE 7|42 A}&3lod 14]
7t Eob v A7n s NADPHE fluoro-
scence spectrophotometer& Al-&-3le] &334t}

[« 3 )
Llaacy
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(Weissbarths, 1980).

-

1) 22| side dixze| §4

X

A FE g 2oz BE Az AAnAE
FE T F g 10~14d9) E7E = Y=
Fegtd o2 0-2A precursor AN X7} o] #HF
HAL o] kg o] 83l 18~24A17F F4F or-
bital shaker® & ®eg F doAd MES
mouse anti A2B59]| vF3-3}= 0-2A precursorA
¥AL & & A3, EYexEE 80~85% AR
olAth(Fig. 1). gH #2 wgZ=ANA myeline
basic proteind] th3 A9 ¥+ (immunoreactivity)

E Yehlls AlXE 10% ol At

2) MAmMEZ L MZEo]
a}

th$t cytokine2|

L

k-

(1) Type 1 astrocyteol ci# cytokine2l
astrocyted] )3k

4% &3 wWIEF Lo

cytokinee] AAaaE oy 95 1% FBS7t
375 DMEM #8022 ANEE A3tz 2
& vFgdor wdsE F 4P T2 cyto
kine€ A7Fet £ 2d B¢t w3t wpAEt 64
7t %9} SH-thymidineg #7}ste] thymidine up-
takeZ &A% Az 1% A & dx=TFdA=
484+80 cpme] uptakeE B F dATh. BL %
A 1% BASH mjFAEe] 10 U/ml, 20 U/
ml 1L-138 A2 A9 thymidine uptake”} o)
ZFo) ug] 124.8+21.4, 145.4+16.8%0°]% L
10U/ml, 20U/ml 1L-2+ 118.8 £ 16.3, 94.0
+12.8% o]} 100U/ml, 200 U/ml IFN-yo|
AlE 110.9+24.3, 102.5+8.9% = 1L-189 <&
type 1 astrocyted) 2d#o) tixFo) n|s] 25~
45% AT 22L& B.gr}. 39 double immuno-
cytochemistry(GFAP/BrdU) & A &3 A7 thz
T A= 13.8+2.4%7) BrdUS4< 2748 Y
o ey LGS 17.6+3.4% (10 U/ml),
21.6+7.1%(20U/ml), IL-2d1A+ 15.3+£2.7%
(10 U/ml), 14.6+3.3% (20 U/ml), IFN-yel] <|3

Fig. 1. Phase contrast photomicrograph of primary glial cell culture from newborn rat brain. A Mixed glial
cells(2DIV), B: 0-2A precursor cells. 0-2A precursor cells were mechanically prepared from mixed glial
cultures at 10~14 DIV as described in Material and Methods( X 200).
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AE 9.8+2.1(100 U/ml), 10.1+3.5(200 U/ml)
24 type 1 astrocyteo] A#o] <oF7t ZtAshe
AgL nAo} IL18 A astrocyted] 4
o] 29L& & § AAch(Table 1).

(2) 0-2A precursorA|®Zo| ci# cytokine
o MESH: o] precursor A|Ee i3]
cytokine®] A% &7 B7] 98] cytokineg A
AF o] EFe WS A& ARD v 24X
%ot ‘H-thymidine€ #H7}3t & thymidine up-
takeZ =43 23} dizTolA 51921432 cpm
©° 2 16% AE7}F uptakeH e AL E F A
IL-158 10U/ml, 20U/mlE A gg 2S¢ thym-
dine uptaker} wiZFo] Hls] 120.4+21.2,169.1
+3.38%, gl IL-2 10U/ml, 20 U/mioA&
130.7 +46.5, 89.84+26.1, IFN-y 100 U/ml, 200 U
/mlo| = 114.4+23.8, 98.2+14.52 IL-189 ¢
& & o=xo g 02A precursors] Z2o| #
#ZEl9ct. &3 specific markeret BrdUE A&
ted AGAEFeH oz AT & antiBrdU ¥
3 NEE SHT A 27 60.4+£3.3%
7} IL-18 10 U/ml, 20 U/mlE A3 A$ 74.7+

Table 1. Effect of cytokines on the growth of rat type
1 astrocyte in culture

3.4, 73.5+4.9%, 283 IL-2 10 U/ml, 20 U/ml
M= 64.3+5.1, 63.8+2.6, IFNy 100U/ml,
200 U/mlo| M= 65.9+4.6, 64.5+3.7% ol3]T}.
anti BrdUd] wrgsle MeE IL-18 H&A pro-
liferation index7} 1.242 Z7t9 d3& w4 IL-
18= 0-2A precursor A ¥ iM% Z4] &3
£ JeEd e g4 Adth(Table 2).

(3) Type 2 astrocyteoll ti# cytokine2]
ME&D: 0-2A precursor A ¥EWjYE o} g3+
fetal calf serum(FBS)e] 10% 3%&#¥ DMEM
g oA 3~49 Tt 718 F 10% FBS7F &
FE 22w cytokine 2947t AT F
apA g 6A)7F E-¢t *H-thymidine =& BrdU=Z 3
718 & type 2 astrocyted] tidt o]& cytokine
o ygEsE BFsQch 10U/ml, 20 U/ml IL-
182 g3k 7% thymidine uptaker} thzx7dl
H)3] 133.848.2, 173.2+36.5%, 2831 10 U/ml,
20U/ml IL-2¢jA & 101.51+18.5, 87.0+13.4%,
100 U/ml, 200U/ml IFN-yolXE& 87.6+13.4,
84.747.12 IL-184 2|8 astrocytes] F4jo| &

#Z=lgjrl. 3% double immunocytochemistry

Table 2. Effect of cytokines on the growth of 0-2A
precursor cell in culture

SH-thymidine uptake Double
(% of control)  immunostatin (%)

Control 100 13.8+2.4
IL-18 10U/ml 124.8+214 176+34
20 U/ml 145.4+16.8 21.6+7.1

IL2 10U/ml 118.8+16.3 15.3+2.7
20 U/ml 94.0+12.8 146+3.3

IFy 100U/ml 110.9+24.3 9.8+2.1
200 U/ml 1025+ 89 10.1+35

Astrocytes were plated onto a 24-well culture dish in
0.5ml medium containing 1% FBS. Cytokines were
treated at 37°C for 2 days in vitro. During the last 6h
radiocactive thymidine(1 ¢«Ci/ml) was added in this cul-
ture. The TCA-insoluble radicactivity and double
immunostain were determined as described in Materials
and Methods. Each value represents mean +SEM.

SH-thymidine uptake Double
(% of control)  immunostatin (%)

Control 100 60.4+£3.3
I-18 10U/ml 12404 +21.2 74.7+34
20 U/ml 169.1 +33.8 73.5+4.9

-2 10U/ml  130.71465 64.3+5.1
20 U/ml 89.8+26.1 63.8+2.6

IF-y 100 U/ml 114.4+23.8 65.914.6
200 U/ml 98.2+14.5 64.5+3.7

0-2A precursor cells were plated onto a 24-well cul-
ture dish in 0.5ml medium containing 1% FBS.
Vytokines were treated at 37°C for 2 days in vitro. Dur-
ing the last 24h radioactive thymidine(1 xCi/ml) was
determined as described in Materials and Methods. Each
value represents mean + SEM.
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Table 3. Effect of cytokines on the growth of type 2
astrocyte in culture

Table 4. Effect of cytokines on the growth of rat
oligodendrocyte in culture

3H-thymidine uptake Double 3H-thymidine uptake Double
(% of control) immunostatin (%) (% of control) immunostain (%)

Control 100 57+£28 Control 100 8.17+6.3
118 10U/mi 133.8+18.2 7.9+3.2 118 10U/ml 122.0+15.0 6.4+4.7
20 U/ml 173.2+36.5 8.6+3.8 20 U/ml 101.6 +-20.2 49+3.6

-2 10U/ml 101.5+18.5 6.8+3.1 IL2 10U/ml 92.2+10.8 6.1+4.7
20U/ml 87.0+t134 58425 20U/ml 116.8+15.7 5.34+4.1

IFy 100U/ml 87.6+13.4 6.6+3.0 IFy 100U/mi 122.4+15.8 7.2+5.3
200 U/ml 87.7+ 7.1 6.8+3.3 200 U/ml 96.1+23.7 6.2+5.1

0-2A precursor cells were plated onto a 24-well cul-
ture dish in 0.5ml medium containing 10% FBS.
Cytokines were treated at 37°C for 2 days in vitro. Dur-
ing the last 6 h radioactive thymidine(1 xCi/ml) was
added in this culture. The TCA-insoluble radioactivity
and double immunostain was determined as described in
Materials and Methods. Each value represents mean +
SEM.

(GFAP/BrdU) 9] Z$-olME dizio] 5.7+28
%, 10U/ml, 20 U/ml IL- 1894 7.9+3.2, 8.6
+3.8% % GFAPUYA e BrdU%AS AE=z
IL-18¢] o8} type 2 astrocyte$] proliferation
index® 140% A= Z7}3lch 10 U/ml, 20 U/
ml [L-29AM+= 6.8+3.1, 5.8425, 100 U/m],
200 U/ml IFN-yol M= 6.6+3.0, 6.8+3.3% 2 =
g BE cytokineo] Wia] proliferation index7}
ol vlsl W3bstA &teh(Table 3).

(4) Oligodendrocyteo| ch#l cytokine2|
AZ &3 47 precursor £ ¥EI Bdd
A8E& AAH Lozl AEE At oligo-
dendrocyted]] ™3 cytokined] AR FAE B
3] MEZE serumHree defined mediumol| 7%
3l cytokineg ©o]& Ft HedF upAg 2447t
%< *H-thymidine& #7}138% radicactivity =
A% A7 A ZE cytokinedlH f99dE
ZvadE R Estgdch. E3 myelin basic pro-
teing AMEX EHoZ Al43ta BrdU& A%
F AAaAE AT AN E hRTo] 8.2+

=
=1

=
Q

0-2A precursor cells were plated onto a 24-well cul-
ture dish in 0.5 ml serum free medium. Cytokines were
treated at 37°C for 2 days in vitro. During the last 24h
radioactive thymidine(1 £Ci/ml) was added in this cul-
ture. The TCA-nsoluble redioactivity and double
immunostain were determined as described in Materials
and Methods. Each value represents mean +SEM.

6.3, IL-1 10 U/ml, 20 U/mloflx+= 6.4+4.7, 4.9
+3.6 IL-2 10U/ml, 20U/mlo| A= 6.114.7,
5.3+4.1 IFN-y 100 U/ml, 200 U/mlolM & 7.2+
53, 6.2£5.1% 2% A EE cytokined] 3|
oligodendrocyte®] A3 o] tix #4ste FAI¢S
R g t}H(Table 4).

3) A4 mAMxe| E3o| th$t cytokineo
k-

(1) Type 1, Type 2 astrocyteo] cHst
cytokines| 2350 vjYE astrocyted] #3}
& 715 e cytokined] A#HE HESY] 9
3 glutamine synthetase &4 x ¢} GFAP &
wEs Axz AEed 2% Waaad.
Type 1 astrocyted|A]2] glutamine synthetase
(GS) SAEE UYz2FNA 62.0+16.0(meantS.
EM.) umoles/mg prot/30mineiglen IL-18
10 U/ml, 20 U/mlofl M+ 138.4+79.4, 95.1+55.1,
IL-2 10 U/ml, 20 U/mlo|A{+= 45.1+12.0, 56.1+
9.1, IFN-y 100 U/ml,200 U/ml oj™& 47.8+7.8,

41.0+£6.0 umoles/mg prot/30 min®.2 type 1
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Table 5. Effect of cytokines on the glutamine syn-
thetase activity in rat astrocytes in culture

Table 6. Effect of cytokines on GFAP immunoblotting
type 1 and type 2 astrocyte

Glutamine synthetase
(umoles/mg prot./30 min)

Type 1 astrocyte  Type 2 astrocyte

Control 62.0+16.0 205+28.9
IL-18 10U/ml 138.4+39.7 221.2+37.1
20 U/ml 95.1+27.6 182.5+16.9
IL-2  10U/ml 4514120 120.9+18.4
20U/ml 56.1+ 9.1 75.1+£13.9

IFy 100 U/ml 478+ 7.8 99.7£175
200 U/ml 41.0+ 6.0 241.7+50.7

Astrocytes were plated onto a 35 mm culture dish in
1 ml medium containing 1% FBS. Cytokines were treat-
ed at 37C for 2d in vitro. For assay, the cells were
scrapped off and sonically disrupted. GS activity was
determined as described in Materials and methods. Each
value represents mean + SEM.

astrocyted| A= IL-10] GS S Z Z7lA7|1,
IL-2¢F IFN-y& A a2 B AH(Table 5).

%A type 2 astrocyte®] glutamine synthetase
4= dzToA 205.1+28.9 umoles/mg
prot/30 mine]gl o™, IL-18 10 U/ml, 20 U/ml9|
A 221.2+37.1, 1825+16.9, IL-2 10 U/ml,
20U/mll A& 12094184, 75.1+13.9, IFN-y
100 U/mldjj A& 99.7+35.0 241.7+50.7 umoles/
mg prot/30 min®. 2 IL-2¢} IFN-yxjglo] <&l &
29 BAE JAHE YA4E 2Exn IL18E
k3t A EHE 2 HH(Table 5).

T3 cytokine AA & Q8] astrocyted] =3
3t GFAP 9] dA R} ofRA 4ge o
=78 ¥olry] 93 antiGFAP &A1& o] &3}
o] immunoblottingd A3} type 1 astrocyte,
type 2 astrocyteolA A3 AlgH EE cyto-
kined]l 9] Tl GFAP 3tako] t)z2d ]3|
fogt HglE &4 gl (Table 6).

(2) Oligodendrocyteoll ti#l cytokine2|
235150 Cytokineo] oligodendrocyted] 3}

GFAP Immunoblotting(%of control)

Type 1 astrocyte Type 2 astrocyte

Control 100 100
18 20U/ml 94.0+9.8 92.3+ 3.8
-2 20U/ml 93.1+11.9 93.7+ 5.3

IFy 100U/ml 91.9+12.0 96.4+11.9

Astrocytes were plated onto a 35 mm culture dish in
1 ml medium containing 1% FBS. Cytokines were treat-
ed at 37°C for 2d in vitro. For assay, the cells were
scrapped of and sonically disrupted. Immunoblotting
was determined as described in Metrials and Methoss.
Each value represents mean +SEM.

Table 7. Effect of cytokines on CNPase activity and
MBP immunobloting in oligodendrocyte

(lmCIoJ]I ;‘jfng MBP immuncblitting
0
prot, /30 min) (% of control)
Control 28.0+5.4 100
.18 10U/ml  24.3+8.4 -
20U/ml 33.9+6.6 104.4+5.8
L2 10U/ml 222426 -
20U/ml 262436 101.9+12.2
IFN-y 100 U/ml 314446 -
200U/ml 230452 104.6+20.3

CNPase activity and MBP immunoblotting were
degtermined as described in Materials and Methods.
Each value represents mean +SEM.

E317] 98 dxH oz CNPase
24513, MBP 3 ¥sE 343
13t BE cytokineo] 2]3] CNPase &
2|22 MBP immunoblotting 23 E oA
g ZoE & 4 gtk (Table 7).
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Cytokineo] AMZAmAMF o] F7 m= Rzlo)
WE JFE w XA dolR ] s wjgE Al
Y E astrocyte 1, 2 18] oligodendrocyteo] Al
A3 B3l i3k interleukin 1, 2 18] inter
feronye] &3E #AF Za} IL1BE astrocyte
type 13 2014 2L FAdQ9ou oligo-
dendrocyteth i M= o} Pae n| =) Rabg
A, 29 IFNye Z4zbe) Ao tis] fold
aRE EAY #7100

Astrocyte type 13} 29] 29 20 u/ml IL—1,894
i—]ﬂ]i *H-thymidine uptake’} type 1e|4= 4
% A%, type 29 A$- 73% FE7t FrbEHE

251
BE Bk olyd AR WIwHE odd
=

o

S
¢

fibroblastt} microgliaz} 4% =8 4= ¢
microglia® IL-189] ¢a] AAo] 2AEE= Ao
geA o= g (Morganiti-Kossmann's, 1992)
IL-180] astrocyte type 13} 2¢) A4z et
WRTH: ode ATelels Bha ARz 4
AME 4 ewv " double immunostaing A3 3t
A3, 20u/ml IL189 ®%=oA proliferation
index= type lo|Al& 57%, type 20| A% 399
7t Z718te] SH-thymidine uptakee] 2=x)g} okzb
o] zolzk AYRAFF o] Aabe IL-187} astro-
cyte type 13} 29 #&ste] A 33 Ao
2 A,

HTo o] Aol AAFAAMEE lympho-
cyte®} FAFHAl Thyl, myelin-associated glyco-
protein® class | 2 class I Z2x% A (major

28T F3ew, W 2
oM FH Fmrt @stE ¢ Qom Hzzo
&4 B ¥ A8A "9 monocyte = mac-
rophage®} fASHA o8] ZEF 2 soluble factor
E &Y, o]H % factord) vHg-& 4
& Ao (Giulian%, 1988; Merrill, 1987). o]&
F Age Ww o geol 2pe wsARe

A7Vl A mAE e} lymphocyteste] mE| o

histocompatibility ) &9 2

%120l

l‘

A dold poUe @A, dAT HEN o]
gle AHdA=E T cellg £33 lymphoid cello]
HERAW {4, EAE v B )

8 W 2AME interleukin 10] 7A&5 1 H
Agolg H&idr] HZEAd &A% microglia
7 A5 ol EAdstE o] [L-1& EHg o]

A Fel® IL-1& astrocyted] ek 748 =2
Jaz  Bgse] L1 o8 Aoe we
astrocyte’} IL-3%5 &2] soluble factorg ¥38|%
© & JL-3= microglia®} Z4]& 9o 7] (Giulian
%, 1988) IL-2& oligodendrocyted] #4]& §4
3}3. myelin basic protein mRNA$} gl go])
7}El+= % oligodendrocyte®] A<d] B 429)
ot ¥ adtg o (Russells, 1986). 1djoz E
AP A de IL-189] astrocyted] Wik Fate=
oleg miug Az Folheh et Ben
veniste®} Merrill5(1986)¢] Buol= 2 IL-2
o] ¢]3t oligodendrocyte®] ZA1& 32X 7)= A
g 2% & 99

Cytokine &9 AZARAL 7]%d o3t a=t
E Lol 793 type 13 type 2 astrocyted]
el = F 2 astrocyteo] £z&H glutamate &
glutamine©. 8 A3ste] T EA ol AAA
2EHY it Fad 9Le
mine synthetase(GS)2] &A%} astrocyted] &
o] marker?l GFAP9] H9AEE, 183 oligo-
dendrocyteo] &A= myelin A TAE=
CNPase2o] #A4x 2} myelin basic protein{MBP)
S FAste wlustdoh. IL-1pE type 13
type 2 astrocyteoA] weigtwiyr GFAPEeRe]
Hals z3tA FPot type 1 astrocyteo] A
£ glutamine synthetase®] A =7 Z715 93,
type 2 astrocyted| A= Tha HaEe FHE B
Ak ol#3 Ax: IL-187F type 17 type 2
astrocyted] AAE FZA|A MEFY Z7HE %2
atAnk Sojgilg GFAPEEe ®slrh gle
Az g wFo Ro}l IL-184 2J8f type 13+ type
2 astrocyted|A] & GFAP whiigre Zyi5= A
o= Azt o).
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Tl gluta-
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ole}ghAl type 1 astrocyted] lolx IL-189)
98 GSFAAEY} F7+el= AT reactive glio-
sisol 4 VEE A s dFse a4
o7 ¥ ZZA £4HA| reactive astrocytosisol] 1L-18
2 ¥E3 48 "o/ Ede] #dE ¢ dde
B3el dx8t= dAtolth. 2y type 13 type
2 astrocyted] A GSEA =7} IL-2, [FN-yo] 93
A A EHe AL Adz 438 ¢ gle A%
olck.

&3H astrocyter FEst o2 protoplasmicd}
fibrous typeo 2 F&E 4 glom e ¢ WY
Azt A Bk ol rledozE gt
type 1 astrocyter @3l £498 4 U+ po-
tential& zt1 9l o1} type 2 astrocyter type 1
astrocytes} ¥a BAEE7l w9 o, o
aminobutyric acid(GABA)4] th3t high affinity
9t71doe] 4ol GABAE Axd WE FHstn
(Johnston%, 1986) EE-A ojnxil ARAEE
Ao g F4A7 NI A8 H (GalloT,
1986, 1987) 199l % proteoglycan chondroin
sulfate® FHT 5 & Aoz FFA Ao 2
g HZe o dF ZHdel o3 type 2
astrocyte= type 1 astracytes}s A|EAGo] &
2} 0-2A precursordts ATFA|EZZREH fHEH
AEujge o83 HPdA A EAAA =
type 2 astrocyte® 123 H o] glE ZAdA
= oligodendrocyte® £33 EH = 5 AE Z7Ho|
& B3tEe Fdo] ' Aoz A o
T3 o] ATAEI} type 2 astrocyteR FFHEE=
o= type 1 astrocyter} &g wAoi &
ZA9le=vl(Aliosis, 1988; 1986)
oligodendrocyte ¥ ol&¢ ATAEY AF %
Eite AEgAsy fHoldddz Fx A
Bl oligodendrocyted)] LxpAl £4H8
ElllE  demyelinating - diseases} 2& AwolA
AA71%5& Z+E oligodendrocytesl B3 T A
Aolgts Tl #A9 diide] Hudrh

B A%9 Ao e 1IL-187) type 13 type 2
astrocyte®] AAE 2AANIE olYd= 0-2A

Geldman<,

precursor Al Zd) )3 thymidine uptakeE 70%
A%, )3 double immunostain®] A% 20%
AL ZyA 7oz uHFo| 0-2A precursor H¥E
9] A% E2AAZE By

o)23+ AF= 0-2A precursor A E7} IL-189
s dAe] AL o]F o]F AFAEER FH
oligodendrocyte = type 2 astrocyte® U]
F1g & e 272 47449 5 o @9
oligodendrocyte & type 2 astrocyte & Wzl
e 7% o4 el 2 4L we 5 U
go] Bugo| 9, ¥ dpois 0-2A precur-
sor |2 FE wjgdso] wE GFAP &3
GS #4x9 ¥gs Ay FAA RIle=z
ol Asldtd Agol| uF IL-189 &FHE AF
g ¢ gk 2y E A8F A B L1
= astrocyted] AR GS AR JFFTE v
A9 oligodendrocyter o}¥# a#}E ERN
2] Z8lo 2 Ro} IL-18+ 0-2A precursor A X =
BE type 2 astrocyte®E W@EHE FFo = FE
g & o ol

- 2
g A AAmAME i cytokined] 47
T 23 2AE AR 44 Aed

cytokine & 1L-18%Fo] type 13} type 2 astrocyte
g3 0-2A precursor A Z o] AAE EX A
= 232 K. @8 AR Az Astst
A W= (L1894 o8] type 17 type 2 astro-
cyted| A @it} GFAPEZS Hspyl gldle
U} glutamine synthetase 8%} type 1 astro-
cytedl M= Z71E YR type 2 astrocyted| A=
ot Zade AFE RPTh. TH oligoden-
drocyte®) 79 A}&¥ cytokined)] 93 43 E
= 23 #AE HIE & 5 gl

oldel A IL-188 E &3 o8 cytokineo]
ztzke) AAmA x| tha] chekd AsishA s
2 2P F oy IL-189 Fa37 a3+ type
5rl astrocyte$} type 2 astrocyte] i3] A&
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Z2AANIE Ao g WojAn 1 go= 0-2A pre-
cursor A|EZ5¥ type 2 astrocyte® UE& £
ANZ F doget AnHn

g n 2 4

Aloisi F, Agresti CD, Urso D and Levi G:
D fferentiation of bipotential glial precursors
into oligodendrocytes is promoted by interac-
tion with type-1 astrocytes in cerebellar cul-
tures. Proc Natl Acad Sci USA 85: 6167-
6171, 1988

Benveniste EN and Merrill JE:. Stimulation of
oligodendroglial proliferation and maturation
by Interleukin 2 . Nature 521: 610-612, 1986

Bunger RP: Glial cells and the central myelin
sheaths Physol. Res 48: 197-251, 1968

Dennis-Donni S, Glowinsky J and Prochiantz: Glial
hetervogeneity may define the three dimen-
sional shape of mouse mesencephalic dopa-
minergic newrons. Nature Lond 307: 641-
643, 1984

DiPorzio U, Daguet MC, Glowinski J and Prochiantz
A: Effects of striatal cells on in vitro matu-
ration of mesencephalic dopaminergic neu-
roms grown in serum-free conditions. Nature
Lond 288: 370-373, 1980

Frei K, Bodmer S, Schwerdel C and Fontana A:
Astrocyte-derived interleukins as a growth
factor for microglia cells and peritoneal
macrophage. | Immunol 137 3521-3527,
1986

Gallo V, Bertolotto A and Levi G:. Kuainic acid
stimulate GABA release from a subpopula-
tion of cerebellar astrocytes. Eur | Pharmacol
133: 319-322, 1986

Gallo V, Bertolotto A and Levi G: The proteglycan
chondroitin sulfate is presemt in a subpopu-
lation of cultured astrocytes and in their
precursors. Dev Biol 123: 282-285, 1987

Giulian D, Allen RL, Baker TJ and Tomozawa Y:
Brain peptides and glial growth. I. Glia-pro-
moting factors as regulators of gliogenesis in

the developing and injured cemiral mervous
system. J Cell Biol 102: 803-811, 1986

Giulian D, Woodward J, Young DG, Krebs JF and
Lachman LB: Interleukin-1 injgected into
mammalian brain stimulates astrogliosis and
neovascilarization. ] Neurosci 8 2485-2490,
1988

Heumman R, Korsching S and Thoenen H: Changes
in nerve growth factor synthesis in non-neu-
romal cells in response to sciatic merve trans-
actions. J Cell Biol 104: 1623-1631,1981

Hunter SF and Bottenstein JE. Bipotential glial
progenitors are targerts of meuronal cell
line-derived growth factors. Dev Brain Res
49: 33- 49, 1989

Johnstone SR, Levi G, Wilkin GP, Schneider A and
Ciotti MT: Subpopulations of rat cevebullar
astrocytes in  primary culture. Moyphology,
cell surface antigens, and [‘HIGABA trans-
port. Dev Brain Res 24. 63-75, 1986

Merrill JE: Macroglia: Neural cells responsive to
lymphokines and growth factors. Immunol.
Today 8: 146-150, 1987

Miller RE, Hackenberg R and Gershman H: Regula-
tion of gutamine synthetase in cultured
3T3-L1 cells by insulin, hydrocortisone, and
dibutyryl cyclic AMP. Proc Natl Acad Sci
USA 75: 1418-1422, 1978

Morganiti-Kossman MC, Kossmann T and Wahl SM:
Cytokines and Neuropathology. TIPS 13: 286-
291, 1992

Murphy S and Pearce B: Fumnctional receptors for
neurotransmitters on astroglial cells. Neuro-
science 22: 381-394, 1987

Rakic P and Goldman-Rakic PS: The development
and modifiability of the cerebral cortex.
Newurosci Res Prog Bull 20: 433-438, 1982

Rudge JS, Smith GM and Silver J: An in vitro
model of wound healing in the CNS: Analy-
sis of cell reaction and interaction at differ-
ent ages. Exp neurol 103: 1-16, 1989

Saneto RP and deVellis J: Neuronal and glial cells:
cell culture of the central nmervous system In
neurochemistry a practical approach (eds
Turner AJ and Bacheland HS) IRL press. Ox-

— 187 —



ford, pp27-63, 1987 1980

Weissbarth S, Maker HS, Lehrer GM, Schneider S Yong VW, Kim SU and Pleasure DE: Growth fac-
and Bornstein MB: A sensitive fluorometric tors for fetal and adult human astrocytes in
assay for Z2.3-cylic nucleotide 3-phos- culture. Brain Res 444: 59-66, 1988
bhohydrolase. | Neurochem 35: 503-505,

— 188 —



