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Abstract : The aim of this study was to evaluate the involvement of CPP32 (caspase-3), one
of the death-related enzymes, in the course of experimental autoimmune encephalomyelitis (EAE).
EAE was induced in Lewis rats immunized with an emulsion of rat spinal cord homogenate with
complete Freunds adjuvant supplemented with Mycobacterium tuberculosis (H37Ra, 5mg/ml).
The expression of CPP32 in the spinal cords of rats with EAE was studied.

In normal rat spinal cords, CPP32 is constitutively, but weakly, expressed in neurons and
some neuroglial cells. In the EAE spinal cords, many inflammatory cells were positive for CPP
32, and the majority of CPP32(+) cells were identified as ED1(+) macrophages. During this
stage of EAE, the number of CPP32(+) cells in brain cells, including neurons and astrocytes,
increased, and these cells also had increased CPP32 immunoreactivity. CPP32 immunor eactivity
was not always matched with apoptosis of inflammatory cells in EAE lesions.

We speculate that CPP32, which is constitutively expressed in brain cells, increases in
response to neuroimmunological stimulation in both brain neuronal cells and inflammatory cells.

The functional role of CPP32 in neuroimmunological disorders is discussed.
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A71AYGA ¥ %4 (experimental autoimmune encephalo-
myelitis, EAEy® TH X wj7iyd ¥ o2 F3AZA
A THAE &3} Fxeeo] B0y Al iy
7 3 Z(multiple sclerosis, MS)¢] $E8R2d2 #4dh.
EAES] ¥ 2 ¥ A8E GFAE25E £9)€ pro-
inflammatory cytokine(IL-1§, TNF-q, IL-12 &) 93] of
Z199% A# vhe]7]E AUA HE anti-inflammatory
cytokine(IL-4, IL-10, TGF-$5)¢} 24> 2 A48 54
¥ 9 apoptosisoll <8 FEFE Ao gD Jo¥.
o] Ao 58747 Q) FS AL apoptosisel]
A¥ 4 & QAE & FasFas ligand®, TNF-alpha, TNFR-
1°, Bax, Bcl-2* @ ICE(caspase-1) 0] @& A Ut}

CPP32 (caspase-3, Yama, Apopain)<= cysteine protease=
X B84 3] CPP32(32kD)d 4] TNF-a, TNFR-1, Fas-Fas
ligand, growth factor deprivation, virus, DNA damage, gran-
zyme F9 o 7bA| death signalZ <A FAHFL p
17(17kD)3} p12(12kD)e} AT$E AR AL 24
A, =3 CPP32% Caenorbabditis elegans ¢} ced-3%}
homologueE 7} 8 S A] o]l apoptosise]] #jdts Ao
gz gom” 1E7), 447, 237, 71E4, E2
AR, ARAANE £ GFAE FolA FHAGA 2
o

o] dpoME "y og AYd HzF Y &44A
HEHAE % olo] grede ARA AEA CPP32JL
" FHZ LHA A& §As7] d3te] A7RRA

S84 29l EABo|A CPPR2E W27 334 3
Hoz #A3AT

Mz W YUY

HHUEE : g5 FEYel T-12FH 9 Lewis REE
Faaerled AEIYATRRTEH E¥To} A
gt

A7|HAY HA5+H(EAE)S Rt oS4
b AA Lewis RE Q] H$4E F539 0.05M phos-
phate bufferol 2] 7 3}A]7) F(1g/ml), complete Freund's
adjuvant(CFA ; Mycobacterium tuberculosis H37Ra, Smg/ml ;
Difc))& 5% % ¥ Wgdoz A8sgd” g

< REY FeLuig] 10004 FFHAL, AT
REE A7|EGA HF5d ERHA g4F4e ¢
AYE FEIAD §, FHULH Grade 0, 2271 §
fio]l =AY Grade 1, ¥% 3itte]7} vhu] =Y Grade
2, 4% Ao} v HE Grade 3, AFA|7} whe]HR
Grade 42 FE31Q T,

ENEE FU|2 ZHYAL: AYFEL ether2 0}
st AL, 2AAHE ALHE, 99 F 12-149
A sttt mels} ohe] B Grade 37] 9 WA F 21
g o] F9] FEI|2 o] 2 AP T 3ut Y 4
A HE AFAA. 28z Ag2AR8gaE =
2] & 4% paraformaldehyde® A3l 1 o et-& 3 2L
o2 g9 73 #3 L AA dde] 2R F 5
me] FA 2 2 AUE $E HE A& A3

Terminal deoxynucleotidyl transferase (TdT)-me-
diated dUTP nick end-labeling (TUNEL) % : TUNEL
Hh3-2 ApopTag®Plus In Situ Apoptosis Detection Kit
(Oncor, London, UK)& A3ttt deju g AT 4
H o) 0.005% pronase(Dako, Copenhagen, Denmark)E 37C
oA 2087 A AT WA peroxidaseF A A 87
A3 03% H,0,7t THE wgdol 2083 Az
o, ¥go] ¢ HHL PBSE SEZI 33 AT F
TdT buffer solution(140mM sodium cacodylate, ImM cobalt
chloride, 30mM Tris-HC], pH 7.2, 0.004 nmol/l digoxig enine-
dUTP)| A 1087} pre-equillibriation A)Z{T}. TdT7} 0.15U7
9 3% E ¥ %9 TdT buffer solutiono]] 37°C ol A 6087t
Bk8-A1 71 ¥ TB buffer(300mM sodium chloride, 30mM so-
dium citrate)® ¥H-§-2 AAANAY. 2F HHE perox-
idase-labeled anti-digoxigenine antibody® 424 60%
7+ wb-EAJ 7 .1, diaminobenzidine substrate kit(Vector)E
o] &3te] WAMAZ oH, hematoxylin®. B th2P4& 4
Asgd,

CEESEE ML EE T TP
& AAZT, WAA peroxidaseE A A8 7] 95 0.3%
H0,7t £ Wegof] 2087 w3AR e, B 5o
2 whg-8 HH2)8}7]) ¢ 3 10% normal goat serum ©. & 14
7+ vkg- A AT 13} 34 2 CPP32(Upstate Biotechnology,
NY)(1 : 400), rat macrophage 2] markerq] ED1(Serotec, Lon-
don, UK)(1: 200) 28] 3L rabbit anti-GFAP(Dako, Denmark)
(1:400)8 A-&oA 1A]7o] 4 uEE-AZ] ¥ biotinylated
goat anti-rabbit IgG(Vector Laboratories, Burlingame, CA)(1:
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200) T+ biotinylated goat anti-mouse IgG(Vector La-
boratories, Burlingame, CA)(1 : 200)2 45%-7F ¥h-§- A7 o}
o] o] avidin-biotin peroxidase complex Elite kit(Vector La-
boratories, Burlingame, CA)2 A 2| 4587+ vk A7
ozt @7 43 PBS(H 74)2 5¥7 33 FE3]
AHFon, dgutgol ¢ 2HHHUL 3,3-diamino-
benzidine tetrahydrochloride(DAB)(Sigma, St. Louis, MO, USA)
goloz WA} 78 1 hematoxylin § Y02 2 4F
g @ F, qugd Aoz g4 £43 A&
A EQste] B F o2 g2

dofutS MLl HIt: CPPRY AW ZHE
274 Aoz Hrhatgth 949 Zxd w, g4
o ¢hel Z5(0), FE(1+), RF(Q24), ZHEGH), v % 23
@nez Pk, G4 X9 e, dnk g€
A4M), AZAT 948 490, 93 HEL BF ¢
48 ZENOZ 47 grpst gt ol 2L 23 E
By Hgure A £ 9 H7HE Krajewska ef al °9) WE &
et

42

EAES] 2lAZTel ZHZA:

YA : WAF 911974 me wElslG1)7}
Yeht HAsge 2 ¢ 4 QT 1215970
nz) ¥ $E FA9 vhlG37F oluel o Fgol of
S 16-17974 ) w7 ARABA A 423
St 99 Fol Yehhe 9454 Wae Fig 19 2
o] vt

clinical score
N

1 3 5 7 9 11 13 15 17 19

days after immunization

Fig 1. Clinical EAE scores in Lewis rats injected with 200mg
of homogenated rat spinal cord on day 0 to induce EAE. The
symbol (4) indicateds the mean clinical score for a group (n=
3) on the day indicated.

& A7 : 4o Yehts 2434 gue o
A9 wizsldE A9 Bed 934

o

o

£ $% 299 Gegon 324 434z ¢
ZAE ALY 1215739 EAE 452504
£ 9ZALE] 72 594 YBFA B85,
23 edema® HYOPI(Fig 2B), o|9A W& 9%

N

Fig 2. Histological findings in the rat spinal cord. There were
no histological changes in the normal rat spinal cord (A),
while the Grade 3 EAE rat spinal cord (B) showed intercelul-
lar edema, perivascular cuffing, and infiltrating inflammatory
cells (H-E stain, X 132).

AXEL F2 T Y= 79 ED1 %4 9 macrophageE
AEo YT 16~1797%, 3 &7 AFZ2AME G
3719 AEzFd A Bt AL 59 AFHEE YE
Woh. B3 EAE o|31A] 0|37 AEE YFHAXEY o
$+& TUNEL ¥AuH¢02 Yehgoy A RE A%
A X9} o} TMEE TUNEL FAuH¢e JehfA] &3t
t}(Fig 3).

CPP329| MYt : FARE L2 A= CPP
329] gNo] }3tA vetgoy AFY 9% GFAP ¢
g9 astrocyte(Fig 4C)o] A CPP32 %A uhg-o] 8¢
I (Fig 4B) AL $o] ABATANA o P
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Flg 3. TUNEL staining of the spmal cord of a rat with EAE (G
3, day 13 post-innumization). TUNEL(+) cells (arrows) were
largely located in the parenchyma and perivascular region (V;
vessel) of the spinal cords of rats with EAE. Hematoxylin
counterstain, Magnification: X 33

& Bgov 1 £+ BA FUThFig 4A). £ CFAT
€ A3 dzTd Fedx 45 GFAP FATEY
astrocyte(Fig 4F)d 4] CPP32 oA uh-go] &)= 9] m(Fig
4E) AL £ AAAZAAN FF FYTEE RH2Y
2 8 %X F¢rhFig 4D).

A7|HYA H2HY(Grade 3, AHE 13U4))Y HF
ol & CPP32 FFMEE ] 2T E HI3S O 28
?‘5]—9&1:} CPP32 <A Al 9] cell phenotype2 ZA}g A}
CAEE 9F 9FAEE CPPR2 YN OE ey

(F1g 4H) o] YFHEEL F2 ED1 YA macrophage
ATHFig 4G). TH AR A AEY A$ AAQ LA EF
2 astrocytes)(Fig 4ol A& F5F-9el 2HE 4¢ Cpp
32 g ut-go] F715HRAth(Fig 4H).

CPP32e 3t AZA W EAde Aoz &34

AL A71EGY HHFGe FFl® AAA Axs
FFAE g £ ATl CPP32 G4 g o] Ye
Y o] & FE3}e] 28 th(Table 1).

HEMIE : CPP32 FAHE9 FFHEF F&d
ED1 %4 ¢] macrophage 3% 4=l om @49 7}
EE 04 4 AZE oA GAHAY 2404
4+ BTt 71 BT GFAEFO) A X7 &a CPP
32 SANE LR eI gy AXE X o0

Bratn cel : NAAAEE 27 HF2AGAEe F

T A7 M F o)A CPP32 H G ut-3-(0~2+)0] FAH Y
Q‘Jr I 5E AFAAT 207 olvE A #2HX @
oh 2y G(EEF 13UMGA A AFLHE
£ CPP32 W 9uk-g-(0~3+)o] F7}5 %13, E3] perivascular
cuffing Q59 AZ AN LA CPP32 G o] F7}
5]214 2t Ao w2 o] ¥ W3 Fig 404 CPP32 &

SENZAAEY £x1e] W3 Hxd PPl
D}- ol w M EE 273 EABY A$ B5F CPP329
dguhgo] Ay F AxAzA AT G474 =
E 27U A% 0-3+3 % 93 EAEY] 3% 04+ O
U EAEY] 79 tif-#0] 2+~4+ XY AT} EN
o

o #

CPPRCaspase- D The 2NN AEaT g
cystein protease?] YF 02 o7 7)5 & /17 Ao ¢
A1 ot H5zA oA CPP329 JE 9 U3l
© 487 bk A9 gk B 7oA e CPPR2e] e
FRA) 98 A4 A5z D A/ Sy
Z2d|4 CPPR2¢] BA e DAY

Table 1. CPP32 immunoreactivity in the spinal cords of adjuvant-immunized and EAE rats

Cell type 5 CFA G3 stage (D13PL)# Recovery (D22PI)#
Inflammatory cells 0%/~ ** 0-4+/N, NC 0-4+/N, NC
Astrocytes 0-3+/N, C, NC 0-3+/N, C, NC 0-3+/N, C, NC
Vessels 02+/C 0-3+/N, NC 0-3+/N, NC
Neuronal cells 0-3+/C, NC 0-3+/N, C, NC 0-3+/N, C, NC

* Intensity of the immunoreactive cells: 0, negative ; 1+, weak; 2+, moderate ; 3+, strong; 4+, vety intense.
** Distribution of expression in the cell; N, nucleus; C, cytoplasm ; NC, both nucleus and cytoplasm.

#D13PI, on day 13 post-immunization ; D22PI, on day 22 post-immunization.
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Fig 4. Immunohistochemical staining of CPP32 (A, B, D, E and H), GFAP (C, F and I), and ED1 (G) positive (+) cells in the spinal
cords of Lewis rats. A few CPP32(+) neurons were found in normal rat spinal cord (A). Some weakly positive CPP32(+) cells were
found in normal rat spinal cord (B, arrow) and some of these cells were also GFAP-positive (C, arrow). Some CPP32(+) glial cells
were found in the spinal cords of adjuvant-immunized contro] rats (E, arrow) and some of these cells were also GFAP-positive (F, ar-
row). The CPP32(+) cells were located mainly in the perivascular region (H, arrowhead and arrows) of the spinal cords of rats with
EAE, and some of these cells were also ED1-positive (G, arrow-heads) and GFAP-positive (I, arrows).

A-I: counterstained with hematoxylin, Magnification : A-I: X 100. All except the normal tissues were collected at days 13-15 post-

immunization with adjuvant or brain tissue.

EAEd] o|&d RES FHAZA J&d FAE
£ 2 EDI %A ¢] macrophages} CD4 %A o] THE

olw], o]d AFAEY H&ol o3 of Ao g}

T o B GFAEY AgolE BT Ty
ABA AZe dohdx, FAE7 AAHE A7%
g3k o] Aol JAFHL AR A AP o7
Z3E Eol& EAEY A4y 7|dFd 4y 4F
A2 apoptosisel = o 2744 AR} BB & Yk,

GutE Q) H X apoptosise] Ffdte A F 1
F¢ caspase familyo]| & @A 7HA] 14%0] LA lon
2 %9 caspase-3(CPP-32)7} apoptosis T dte Q12 &
AN Z2AH A gotn LA Yot

£ AYdA PP B4 Ae2A 9 B 9] GFAP
FANE S Hotu XN WERP oY & AFA
AXgAE F2 9 F8E Ytk 23y EAE
& FE¢ 23, A&H ED1 FAY GFHAE Bt o}y
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2 A E oA ddo] FPd AR AMEANNE CPP
327} 78t A EdH A

CPP32& A47], 2371, 7t&4, W%, AR AAE
S A E T4 apoptosise] Foj7} &1 o] we} EAE)
A% CPP327} apoptosise] B8 MAAHL Evtx 33
oy E H4¥Y ZFgolA dF FH9 EDI ¥4 ma-
crophage R THXE 7k olet HFzA oA $yP9 st
A CPPR2E LEE HE o] AAFAE Frlgez
caspase familyE X §3F 0} & death signalE ¢ 4334
o] F8F WAUAY Aoz FAHE. gets CPP3R2
o 2] 3t apoptosisi THE caspase family = death related
molecules¢] o] & 7%, apoptosisE & & 9]
€ Aoz Jzrdrt £ AFAEE A R EY
Aotgle AAMEY gliac)41e] CPP32 L& apopto-
sis dAAAS @Al QAU ofH & JEL ¥ R
ozt R dh

o] 4¥ZAE FHAE v EAEY o|§H HEL
o A CPP329] WA F 7} THE death related molecules
o 37 AE&E & GFAXY apoptosiss] FAFo
A -5 ¢ vl 9] HEd FHP Aoz 47
gt
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