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Abstract

We examined the cellular distribution and regulation of pro-
tein kinase C delta in the spinal cord of rats with experimental
autoimmune encephalomyelitisCEAE). Northern blotting sho-
wed that levels of PKC delta mRNA was significantly increased
at the peak stage of EAE and its expression decreased to the
level of non—immunized conrols at the recovery stage. By in
situ hybridization, signals of PKC delta was localized on the
inflammatory cells including mainly T cells and macrophages
as well as some brain cells. This finding suggests a hypothesis
that increased expression of PKC on inflammatory cells in EAE
lesions is associated with the regulation of signaling pathway
involving T cell activation at the early stage of EAE and/or
apoptosis on inflammatory cells including T cells at recovery

stage, which lead to spontaneous recovery.
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Protein kinase C(PKC)& M ELFHAZAGAANN F
% A¥e e Ao ¥ A3E WA HE HEY
olx & E A7 diacylglyceroldl i3] PKC= 843 Hn
(Nishizuka, 1988), PKC¥= =& phorbol ester®] +&82 %
2371 Fh(Osada et al, 1990). diacylglycerol 2 phorbol
esterd] Tt g oz U PKCe AEY 433 F4,
328 P ARALEAY 2ol FAH} AH(Nishizuka,
1986, 1988 ; Wetsel et al, 1992). PKC= cDNA 22} utg}
o2 259 isozyme(Y 3, W, v}, deb, AEbF)ol ¢
291 2 (Knopf et al, 1986), & isozyme ZHof wet 2XF
Ao} tiokaln 1 A4 % T Alol7t Y Hoe ga3H gl
(Huang et al, 1990 : Nishizuka, 1986, 1988 ; Mizuno et al, 1991).

Y TAN PKCE HE9 349 ozt g4ste] &
o &te], YL FAME interleukin—28 F =3 (Berry et al,
1989 ; Weiss et al, 1987), © 4} A 4 X (Reiner, 1994)t e
4 ALFEY 44 FUE A el Bz A
A A $ol g 92371 goh.(MacMicking et al, 1992 ¢ Kovacs,
1988). 12|} o] 9}3+-& PKC7} overexpressions| H F %A X 9
238 AN AY apoptosisE X371 dted PKCY 7]
%< isozymed FFUFoIU tFH L Yehhz itk

A71H A A ¥ W 4 (experiemntal autoimmune encephalo-
myelitis, EAE)& TH ¥d] 98] ol7isle U234 F A4
o2 ANAY +29%E 5P #ui(Hickey, 1991
Feurer et al, 1985), W2l 24 8Y 27o] Abgel F2e8y
AWl multiple sclerosis®t FAl3te o] FERYR AT
512 9lth(Raine, 1976, 1994). EAEE 39S 4§ HPot
714 TEZ 77 8489 ¥ 23¢ 438 A 23371
s]o) homing$to 24 Wwo] ¥Asn, EAE B4 A&
AZHM X o} 8 & F2 CD4¥A ol AA TCR & sl et F4 9
T Y= o] bystander 4] ¥ 2+ macrophage3-°} #ejdtil
1TH(Shin et al, 1995). 22 o]& HFok7|4 T X794
macrophageE2 IL—1, IL-2, IL—-4, IL—-10, v} JEHE
Q Zonjarelz & Bulste o] o A7l o &
Q5] 3 ¢l ctH(Tanuma et al, 1997 ; Kuchroo et al, 1993). 22/}
ol e HELAS HAHole PKCEFY £33 signaling
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pathway?} ®7 A T ellx dojb 1o} oo &
d 7 e 24 %3 (Berry et al, 1989).

PKCY #7u FE7xe HEas] ot T X
T2 43 F2¢ IS dn, 4P H o2 PKC ac-
tivator& 2233 interleukin—2& Y| %3 cytokine2
A4 Eujsle Aoz ¢l A1 otk (Berry et al. 1989).
welA T Lo o8 of7|sle A7 HGA] AgelA
T cell activation® @HA4ge] & PKColl tist WA
d7E AY 9 mechanism$ o= oi¢ F2E
HAeg RALHYYG.  AFNME HA5ge g

% 23U A& E IFAHXAM PKCY dEE F
&7] Y3l AR HA s RdelA PKC &
#He Aoz FASAG v o AAE Hidte
wlol o},

AS P P

1. A7 d Y H{+9 f %

guinea pig spinal cordo| A E2]F A F2718 o9
(myelin basic proteinm, MBP) & #9102 AR}
Wiy o 2 = MBP(Img/mf) S ¥ %9] Freund’s adju-
vant(supplemented with Mycobacterium tuberculosis 5
mg/mf) & E§sted immersiong WEF 7-8FH 2| Le-
wis rat($ f A F AT ) o Sdkuicto)] W3 AL
Aot 23 oY 43S AE BEE 25 AVER
23 g AF3dch dAFHL 2o /A v E
grade 1(G 1), Hcte]e] £ ol E G 2, SitEly
¢A oY E G 32 #7] 3o

2. 3R P A

ZAF L2 EAEY] 271(F9 ¥ 7-99), 371(Ag %
12-149) 2 HE(FHF 219) 2 7E3HA AH3}
o0 ether vi&l3dt] Zt 2§59 3vie] rat2HE 3
4% ##3t4r}. In situ hybridization® HES 93t
ZE g P 7)FE diethylpyrocarbonate(DEPC, Si-
gma)& AHelg F AL83te] RNAse—freexWog &
v 3t 83t

ZZ) PKCo} ut3-§ #13}7] 935l 4% paraforma-
ldehyde A&l o ¥ 2A¢zE 1
#3E¢ AX Xttt ol =ML o

s
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Z o] hematoxylin—eosin@ 8- A3l HFE& FHAF
3 SAlo] Bz dae AASAT. 2122 TAH
Fo] Adg-g 93d = OCT compoundd H45F =
Ay ¥ F AfAL2 Y4 ofME LAYl
FE5YEF cryocut(Leica)§ ¥ 83t FZ2HEHE v
ol Hdg Mol o] &3t}

3. A 22383 4

detd ¥z o FHAPHUANM ASNEY HE
g 7R3l7] 93tdd avidin— biotin complex kit(Vector,
Burlingame, CA) & &3t BAGAE dAle
macrophage ¥ ¥ X7 & #3}7] 3l = ED1(Sero-
tec) ¥ R73(anti—T cell receptor alpha/beta)(Serotec,
Blackthorn, Bicestor, Bucks, UK) & Z+z} A}g3hgic}

B

4, RNA¥ 2 ¥ Northern blotting

HA ¢ rate] HFz oA total RNA « LiCl—
ureat] 2 2 ¥ 2|3l 1% agarose—formaldehyde geloll
7] 4% 3t nylon membrane) o] A1Zit}. 50% for-
maldehyde, 4xSSC, 0.5mg/mé sheared salmom sperm DNA
% 1% Denherdt’s 84 & §-FF &3 & Aol A 42T A
prehybridizationd} 4 i1 hybridization [¢—¥*P] deoxyc-
ytidine triphosphate(dCTP)Z labeld+ probe 1X106
cpm/mE FH3te e ¢F SdoA e
A ¢aHe2 2XSSC / 01%SDS, 1XSSC / 0.1
%SDS, 0.2X SSC / 0.1 %SDS&H 2 & 55Tl A 208 E <t
Axete] A5 HARD A& o3 £438%ch

5. Probe Mz}

o2} PKC isozymesF oA HFAHE, 53] JZ 7o
2t wdsle PKC 4ehg g3tz 3] oH(Mi-
zuno et al, 1991 ; Baier et al, 1993 ; Leibersperger et
al, 1991 ; Smith et al, 1996). =¥ B 8 & 2 in situ hybri-
dizationS $$ PKC dE}] ¢DNA probes 1,054—bp
(PstI-PstDE24 HE HoAd AL e HAE o
2349t (Kim et al, 1994).

6. In situ Hybridization
TELAS 002% DEPCEZ #2311 autoclavedtd

g3t #2128 RNase2 B843F A1717] 98l
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Figure 1. Immunchisiochemical staining of BY3 and DY
in the spiasi cords of rats with EAE. In EAE
fesions, the majority of inflammuiory cells were
TER siphasbeta—positive T celis{A) and EDY
- pasitive macrophages! B} Spinal cords of rais
with EAE{grade 3} were obtained st days 14
postimmunization. Unuaierstaingd with homse
toxvlin, Magnification | 4.8 ¢ X240

2. Mosthern biotting

igure 2084 R whot gol B9 2 R P lane
1ied W BARA HoHG 31 4U¥ g PRC deltn
mENAY $48] $ARgaeme 23, 1 F HE e B3
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FEHE PRC gene®) G B8 48 sty lyd
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Pigure 2. Northern blut anaysis of PKL delta in the
normal and EAE ~induced spinal cond
Lane 1. normal spinad cord lane 20
Peak stage of EAE{G3) at day 14 pis
Lane 3, recavery stage of EAE at day 21
pi. Towl cetluler RMA(ZS micrograms?
was loaded in each bane. Blots were hyb-
ridized with the iudicated [32P1 4CTP
~ radiniabeled PRC delta ¢DNA amd ex-
posed 1o X—ray film for 8 hours. The
amoust of loaded RNA ssmples were mio-
nitored by the cxpression of beta actin.

Figure 3. Expression of PKLO delia mBMNA in the
spinal cord of mis with EAE. A7 Spinal
cord secticns of EAE{A} and normall B}

rats were hybeidized with ¢RMNA probe for
PRL delin, X244
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PKCYEA YL $9391, Okuda et al(1995)& 7tAGA
o3+ @ WAl E nitric oxide 2} 4 Ao B4 £ 7FH # nitric
oxide synthaser> & ¥ macrophagetiol Myt &9 drin
gk 22iv A Azele 2wl % ¥ microglia(Murphy
et a,1993) ¢ o} 2 4} ¥ (Simmons and Murphy, 1994) & nitirc
oxideZ A4 ¥ 21tk & in vivo(Okuda et al, 1995) 9=

A zol7h QAR B Aol e THE 2 macrophage
Ao Eilol PKC HHAZE THIR UYL A&
macrophage =¥ ¥43 € microgliaZ 27N o] F 4
Eol4 PKCY 2do] Z71E & o cytokined] 4t
B Aoz A2t EAES] 38 7)o S5 H L7 FA3
#ad Holl HlFo] PKCE 2A7FEAA AW A apoptosisol
Qo] Bodte Aoz AFHct

AgHog Hasd Wi wde] 371€ PKCe F2
A&E T 4% ¢ macrophage FdlY #o g A5y o) &
HE A PKCY S8 FEAEA HFolr|d THEY &
A3t zoldAlcle AE9 F3ol Boidtit target organdl
8 F A& A X apoptosisE FrEdted LY BP0

Aoz 239t
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