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Abstract

Increased Expression of pS3 and Bax in the
Spinal Cords of Rats with Autoimmune

Encephalomyelitis

Advised by Professor Hee-Seok Kim

Changjong Moon

Department of Veterinary Medicine

Graduate School, Cheju National University, Cheju, Korea

To elucidate the possible role of Bcl-2, anti-apoptotic molecule, and p53
and Bax, apoptotic molecules, in the process of apoptosis in experimental
autoimmune encephalomyelitis (EAE), we examined the distribution of
apoptotic cells in EAE lesions by terminal deoxynucleotidyl transferase
(TdT)-mediated dUTP nick end-labelling (TUNEL) and compared the
expression of Bcl-2, p53 and Bax in the spinal cords of rats with EAE.

TUNEL-positive cells were usually found in the parenchyma of spinal

cords of rats with EAE, and rarely found in the perivascular lesions where
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most of macrophages infiltrated.

Western blot analysis showed that both p53 and Bax significantly
increased in the spinal cords of EAE rats at the peak stage (p<0.01), and
thereafter declined, but Bcl-2 did not. Immunohistochemical study showed
that inflammatory cells (notably T cells) in the parenchyma express p53 and
Bax, while some perivascular macrophages and brain cells, including neurons
and glia, were devoid of the above molecules, and express Bel-2.

These findings suggest that both p53 and Bax may play an important
role in the elimination of T cells in the parenchyma of EAE. Furthermore,
the survival of host cells, including neurons and astrocytes, and most of the
inflammatory cells (mainly ED1 (+) macrophages) in perivascular lesions,

may be associated with the activation of Bcl-2 in these cells.

Key words: apoptosis, p53, Bax, B¢l-2, autoimmune encephalomyelitis.
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1. Introduction

Experimental autoimmune encephalomyelitis (EAE) is an autoimmune
disease of the central nervous system (CNS) that is used for studying human
demyelinating diseases, such as multiple sclerosis (Bonetti ef al., 1997; Raine,
1994). The clinical course of EAE is characterized by weight loss,
ascending progressive paralysis, and finally, spontaneous recovery. These
steps are matched by the inflammatory response in the CNS, which is
characterized by the infiltration of T cells and macrophages, and the activation
of microglia and astrocytes at the peak stage (Shin et al., 1995; Moon et al.,
1999) Thereafter, animals with EAE were recovered the paralysis. —During
this process, there is a consensus that Fas-related apoptosis play an important
role in the elimination of T cells (white er al., 1998; Sun et al., 1998)

Programmed cell death, or apoptosis, is a fundamental biochemical
process that plays an essential role in normal development and tissue
homeostasis (Cohen et al., 1992). Apoptosis is also utilized by the host to
defend against invading cells in EAE (Schmied er al., 1993; Bauer et al.,
1998; Kohji et al., 1998).

The nuclear phosphoprotein p53 has been characterized as a growth
suppressor which is expressed in normal cells (Selter and Montenarh, 1994;
Mercer et al, 1992) and thus the activation of p53 is commonly associated

with apoptosis (Eizenberg et al., 1995). In case of severe DNA damage, p53
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causes apoptosis, in part by promoting Bax up-regulation (Miyashita et al,,
1994 Enokido ef al., 1996; Messemer and Brune, 1997)

Bcl-2 is an anti-apoptotic molecule that is normally expressed in neurons
and cancer cells and counteract with p53 and Bax in the process of apoptosis
(Reed et al., 1998, Waggoner et al., 1998). Bcl-2 has been identified in the
inflammatory cells in multiple sclerosis lesions (Zettl et al., 1998) and its
animal model EAE (White er al., 1998; Bonetti e al., 1997), thus Bcl-2
expressing cells in the CNS continuously damage host cells via secretion of
toxic molecules. Even in the possible involvement of apoptotic and anti-
apoptotic molecules in the process of EAE, neurons, astrocytes and some
inflammatory cells survived even though apoptotic molecules are intensely
expressed in EAE lesions.

In this study, we studied the distribution pattern of apoptosis in EAE
lesions, and examined the changes of apoptosis associated molecules
including, p53 and Bax, and anti-apoptotic molecule, Bcl-2, in EAE lesions.
We found that both p53 and Bcl-2 is associated with the process of apoptosis
of inflammatory cells and the survival of host cells in EAE lesions,

respectively.



2. Materials and Methods

2.1. Antmals
Lewis rats of both sexes (7-12 weeks old) were obtained from the Korea
Research Institute of Bioscience and Biotechnology, KIST (Taejeon, Korea)

and bred in our animal facility.

2.2. EAE induction

EAE was induced in Lewis rats with a slight modification of a
previously described method (Shin et al,, 1995). Briefly, each rat was
subcutaneously injected in the hind foot pads bilaterally with an emulsion
containing an equal part of fresh rat spinal cord homogenates in phosphate
buffer (mg/ml) and complete Freund’s adjuvant (CFA; Mycobacterium
tuberculosis H37Ra, 5 mg/ml; Difco). Control animals received either CFA
only. Immunized rats were observed daily for clinical signs of EAE.
Clinically, EAE was separated into five stages: grade 0, no signs; grade 1,
floppy tail; grade 2, mild paraparesis; grade 3, severe paraparesis; grade 4,

tetraparesis or moribund condition (Ohmori ef al., 1992; Shin ez al., 1995).

2.3. Antisera

The following antisera were used in this study: mouse anti-p53 (Santa



Cruz, CA), mouse anti-Bax (Santa Cruz), rabbit anti-Bcl-2 (Santa Cruz),
mouse anti-ED1 (Serotec, London, UK) for labeling macrophages, and rabbit
anti-glial fibrillary acidic protein (GFAP) (Dakopatte, Copenhagen, Denmark)

for staining astrocytes.

2.4. Tissue sampling

Tissue samples were taken on days 14 and 21 post-immunization (PI),
during the peak and recovery stages of EAE, respectively. Experimental rats
(n=3) in each group were sacrificed under ether anesthesia, and the spinal
cords were removed and frozen in a deep freezer (-70 °C) for protein analysis.
Pieces of the spinal cords were processed for paraffin embedding after

fixation in 4% paraformaldehyde in phosphate-buffered saline (PBS), pH 7 4.

2.5. Western blot analysis

Frozen spinal cords were thawed at room temperature, minced, lysed in
a buffer of 40 mM Tris-HCl, pH 7.4, 120 mM NaCl, 0.1% Nonidet P-40
(polyoxyethylene [9] p-t-octyl phenol) containing the protease inhibitors,
leupeptin (0.5 pg/ml), PMSF (1 mM), and Aprotinin (5 pg/ml), and homo-
genized with a Tissue-Tearor (Biospec, USA). The homogenate was
sonicated three times (5 sec at 4 °C ) and centrifuged at 14,000xg for 20 min.
The supernatant was diluted with electrophoretic sample buffer to obtain a

protein concentration of 3 pg/ul, and heated at 100 °C for 5 min. Samples
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were electrophoresed under denaturing conditions in sodium dodecyl sulfate-
polyacrylamide gels (SDS-PAGE) using a discontinuous procedure (Laemmli,
1970). Stacking gels were 4.5% polyacrylamide and separating gels were
15% polyacrylamide. Paired mini-gels (Mini-protein II cell, Bio-Rad
Laboratories, U.S.A.) were loaded with 30 pg protein per well. The protein
concentration was estimated using Bradford’s method (1970).  After
electrophoresis, mini-gels were equilibrated 1n a transfer buffer (100 mM Tris
base, 192 mM glycine and 20% v/v methanol at pH 7.3). The proteins were
then electrotransferred in the transfer buffer to a PROTRAN® nitrocellulose
transfer membrane (Schleicher and Schuell, Keene N. H., USA) overnight at 4
°C and 30 Volts. The transferred proteins were visualized by staining the
membrane for 10 min with Brilliant Blue R-250 (Sigma, St. Louis, USA).
The mtrocellulose membrane was blocked with 5% (w/v) nonfat dry milk and
0.1% Tween 20 in Tns-buffered saline (TBS) at room temperature for 2 hrs,
and later washed three times in 0.1% Tween 20/TBS (T-TBS). The p53, Bax,
and Bcl-2 binding was detected by incubating the membrane in a moist
chamber overnight at 4 °C, with the primary antibody (mouse anti-p53, mouse
anti-Bax and rabbit anti-Bcl-2 (Santa Cruz Biotechnology) diluted with TBS-
T, 1-1000). After three washed with T-TBS, the membrane was incubated
with horseradish peroxidase-conjugated goat anti-rabbit or anti-mouse IgG
secondary antibody (Vector Laboratories, Burlingame, CA), and diluted in T-

TBS 1:2000 for 1 hr at room temperature. The membrane was then washed



three times with T-TBS and rinsed once with TBS. Visualization was
achieved using Amersham ECL reagents (Arlington heights, 1IL).
Quantification was performed by a densitometer (M GS-700 umaging

Densitometer, Bio-Rad, U.K.).

2.6. Terminal deoxynucleotidyl transferase (TdT)-mediated dUTP nick
end-labeling (TUNEL)

DNA fragmentation was detected by i siu nick end-labeling, as
described in the manufacturer’s instructions (Intergen, Purchase, N.Y.).

In brief, the paraffin sections were deparaffinized, rehydrated, and
washed in PBS. The sections were treated with 0.02% proteinase K (Sigma,
St. Lows, M.Q.) for 15 min at room temperature, and blocked with 3%
hydrogen peroxide in PBS for 10 min and washed with PBS. Tissue were
incubated with equilibration buffer for 5 min and reacted with TdT enzyme
for 60 min at 37 °C, and then reaction was stopped in stop buffer for 15 min.
Finally, sections were reacted with peroxidase-labeled anti-digoxigenine anti-
body for 60 min. Positive cells were visualized using a diaminobenzidine

substrate kit and counter-stained with hematoxylin.

2.7. Immunohistochemistry
Five-micron thick sections of paraffin-embedded spinal cords were

deparaffinized in xylene and rehydrated by decreasing ethanol concentrations
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(100%, 95%, 80%, 70%, and 50%), ending in deionized water. Endogenous
peroxidase activity was blocked by a 20 min incubation in 3% hydrogen
peroxide in methyl alcohol, followed by incubation of the sections in 10mM
citrate buffer (pH 6.0) for 20 min. Citrate buffer was preheated in a
microwave oven until boiling. The sections were washed with distilled
water and phosphate-buffered saline (PBS), and incubated with non-immune
goat serum to block non-specific binding of the secondary antibody. The
sections were incubated in optimally diluted primary antisera, including
mouse anti-p53 (1:200), mouse anti-Bax (1:200 dilution, Santa Cruz
Biotechnology) and rabbit anti-Bcl-2 (1:200) for at least 1 hr at room
temperature. To determine the cell type, either rabbit anti-GFAP —for
astrocytes or ED1 for macrophages were applied to adjacent sections. After
three washes in PBS, the sections were incubated with biotinylated anti-rabbit
or anti-mouse¢ antibody, and then with the avidin-biotin complex reagent
(Vector, Burlingame, CA) and diaminobenzidine as chromogens (Sigma Co.,
USA). All incubations were carried out at room temperature. Slides
counter-stained with hematoxylin were dehydrated and mounted in balsam

(Sigma Co., USA).

2.8 Quantitative Analysis

The immunoreactivity of p53 and Bcl-2 in the spinal cords of rats was

performed as described previously (Krajewska et al., 1997, Moon et al., 1999)



Immunoreactivity of positive cells was expressed as negative (0), weak (1+),
moderate (2+), strong (3+), very intense (4+) in the spinal cords of each group
(n=3). Also, distribution of immunoreactive expression in the positive cell
was expressed as nucleus (N), cytoplasm (C), both nucleus and cytoplasin
(NC).

2.9. Statistical analysis
Western blot was further analyzed among groups (n=3) using a Student-
Newman-Keuls Multiple Comparison’s test. Differences with a P-value <

0.05 were considered as significant.

3. Results

3.1. Clinical observation of EAE

The clinical course of EAE is shown in Fig. 1. EAE rats immunized
with spinal cord homogenates developed floppy tail (G1), and showed severe
paresis (G3) on days 14 P] (Fig. 1). All rats were recovered subsequently.
Histological examination was showed that a large number of inflammatory

cells infiltrated in the perivascular lesions and parenchyma of the rat spinal



cords with EAE at the peak stage (Fig. 2B). In the normal and CFA-
immunized control spinal cords, no infiltrating cells were detected in the

spinal cord parenchyma (Fig. 2A)
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Fig. 1. Clinical course of EAE in Lewis rats. Injecting 200mg of
homogenized rat spinal cord on day 0 induced EAE. The symbol (e)

indicates the mean clinical score for a group (n=3) on the day indicated.



Tetire, .

L ETYSIOY
RS S T P
g vebkage.g, o,
Sde a9y e AR L
" Fhe vy
§§?§ sfdiseg H;;‘%‘e(’ i
Wbk M0 ¥
S cpiddne DOSTERET ,
e s .
. .
’:éﬂ,é .
i L §i
&’}g
5
. . A

;ed
*454

Fig 2 Histological findings in the spinal cord of rats. There were no
histological changes in the normal rat spinal cord (A), while the Grade 3 EAE
rat spinal cord (B) was showed intercellular edema, perivascular cuffing, and

mflammatory cells (H-E stain, x132)

3.2. Detection of upoptosis

During the peak stage of EAE, apoptotic cells were scattered throughout
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the spinal cord parenchyma, but were rarely found in penivascular lesions (Fig
3A). The TUNEL reaction was barely seen m neurons and ghal cells.

suggesting that host cells escape death in autormmune CNS inflammation

(Table 1),
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Fig 3. Localization of immunoreactivity to TUNEL (A) and to ED1 (B)
in the spinal cords of rats with EAE, TUNEL-positive cells were scattered
throughout the spinal cord parenchyma, but were rarely found perivascular
lesion (A)  EDI-positive cells were mainly found in penvascular lesion (B),
and were relatively distant from TUNEL-positive cells

A and B. counterstained with hematoxylin, Magmfication, x132
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Table 1. Immunohistochemical localization of TUNEL and EDI1-positive
inflammatory cells in the spinal cords of rats with EAE.
Location = Normal* CFA* EAE®  Recovery"’
(D14PI)  (D21PI])

TUNEL+ cells® Perivascular - - + +
Parenchyma - - 4+ ++
EDI1+ cells® Perivascular - - 4+ +
Parenchyma - - + +

* Three animals were examined in each group by 3 blind observers.

* Normal and EAE spnal cord sections were analyzed using an apoptosis
detection kit and immunohistochemistry using antibodies to detect specific
markers. Stained sections were scored on the number of cells per field that
were positive. The number of positive cells was defined in the average of
5 randomly chosen 100x fields: -, no positive cells; +, <10 cells per field;

++, <30 cells; +++, 230 cells.

In serial sections, ED1 immunoreactivity was localized in the
perivascular inflammatory cells during the peak stage of EAE (Fig. 3B), while
vessels and neurons were negative. EDI-positive cells in the perivascular

EAE lesions were mainly macrophages.
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3.3. Western blot analysis of p53, Bax, Bcl-2 in EAE

Little of p53 immunoreactivity was identified in normal and adjuvant
sensitized spinal cords (Fig. 4A). p53 immunoreactivity was significantly
increased (about 8 fold) in the rat spinal cords with EAE at the peak stage
(day 14 PI, G3) (O.D. value;, 51.16+12.31, p<0.01), as compared with
adjuvant sensitized control (O.D. value; 6.0842.32), and declined thereafter
(day 21 PI, RO) (Fig. 4A). Bax immunoreactivity was significantly increased
(about 5 fold) in the rat spinal cords with EAE at the peak stage (day 14 PI,
G3) (O.D. value, 33.87.0848.65, p<0.01), as compared with adjuvant
sensitized control (O.D. value; 6.39+1.39), and declined thereafter (day 21 PI,
RO) (Fig. 4B). Contrary to p53 and Bax, Bcl-2 was slightly expressed in the
normal and adjuvant sensitized spinal cords of rats, and was not significantly

changed in EAE tissues (Fig. 4C).
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Fig. 4. Western blot analysis of p53 (A), Bax (B), and Bcl-2 (C) in the
spinal cords of rats with adjuvant-immunized control and EAE. Minimal
amounts of p53 and Bax were identified in the adjuvant-immunized spinal
cords (A, B, lane 1). In the spinal cords with EAE, both p53 and Bax were
increased in the spinal cords of rats with grade 3 paralysis (G3) (A, B, lane 2),
but its expression decreased during the EAE recovery stage (R0) (A, B, lane
3). Contrary to the apoptotic p53 and Bax, Bcl-2 was weakly expressed in
the adjuvant-immunized spinal cords of rats (C, lane 1), and was not
significantly changed in the spinal cords with grade 3 paralysis (G3) (C, lane
2) and recovery stage (R0) (C, lane 3) in EAE.
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3.4. Immunohistochemical detection of p53, Bax and bcl-2 in EAE
p53, a pro-apoptotic protein, was weakly expressed on some host cells

(especially, neurons) in the normal spinal cords (Fig. 5A, B). It was present
mainly in the cytoplasm, as reported 1n a previous in vitro paper (Eizenberg ef
al., 1996) (Fig. 5, A). In EAE lesions, p53 was seen in some inflammatory
cells in the perivascular cuffing, as well as in the parenchyma (probably T
cells), while its expression increased in neurons and glial cells in EAE lesions
(Fig. 5). In adjacent section immunostained with ED1, some p53 (+) cells in
the perivascular and parenchyma EAE lesions were ED1+ macrophages.
Their expression appeared mainly in the nuclei, suggesting that these cells
were activated (Fig. 5, C) (Table 2). In frozen section immunostained with
R73 (monoclonal anti-rat T cell receptor alpha and beta), small, p53-positive
cells in the parenchyma were identical to T cells (data not shown).

Bax also was seen diffusely in some neurons and neuroglial cells in the
normal rat spinal cords (Fig. 6, A, B). It was expressed on the inflarnmatory
cells in the perivascular and parenchyma EAE lesion (Fig. 6, C) (Table 2).
In an adjacent section stained with TUNEL method, a few p53 (+) and Bax
(+) cells in parenchyma EAE lesions matched TUNEL (+) cells (data not
shown). The intensity of Bax immunoreactivity always weaker than that of
p53, and thus was not included in the immunohistochemical evaluation.

Bcl-2, which is expressed in some neurons and glial cells in the normal

spinal cord, was localized diffusely in the cells of perivascular cuffing as well
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as of the parenchyma, while its expression increased mn neurons and some

ghal cells in EAE (Fig. 3, A) (Table 2).
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Fig. 5. Immunohistochemical detection of p53 (A-C), Bax (D-F) and
Bcl-2 (G-]) in the spinal cords of rats with normal (A, D, G), adjuvant-
immunized control (B, E, F), and peak stages of EAE (C, F, I). p53 (+)
reaction was present mainly in the cytoplasm of neurons in the normal spinal
cords of rats (A). Few p53 (+) glial cells was found in the spinal cords of
rats with adjuvant-immunized control (B, arrows). p53 (+) reaction was seen
on inflammatory cells in the perivascular cuffing as well as in the parenchyma,
but was mainly found in the parenchyma (C, arrows), as compared with the
perivascular lesions,

Bax (+) reaction was present mainly in the cytoplasm of neurons in the
normal spinal cords of rats (D). Some Bax glial cells are found in the spinal
cords of rats with adjuvant-immunized control (E, arrow). Bax was seen on
inflammatory cells in the perivascular cuffing as well as in the parenchyma of
EAE (F, arrows).

Bcl-2 was present mainly in the cytoplasm of neurons in the normal spinal
cords of rats (G). Some Bcl-2 (+) glial cells are found in the spinal cords of
rats with adjuvant-immunized control (H, arrows). Bcl-2 (+) cells were
mainly found on inflammatory cells in the perivascular lesion (I), as compared
with the parenchymal lesion.

A-I: counterstained with hematoxylin, Magnification; A-I: x132, All tissues
except normal were collected at days 13-14 post-immunization of adjuvant or

brain tissue immunization,
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Table 2. Immunoreactivity to Bcl-2 and p53 in the spinal cords of rats with

normal, adjuvant-immunized control and EAE.

Antibody  Cell type Normal* CFA* EAE® Recovery”
(D12-14PI) (D21PI)
Bel-2 EDI1-positive - - 0-4+ 0-4+
inflammatory cells * /- /- /N, NC /N,NC
EDI-negative - - 0-3+ 0-3+
inflammatory cells ** /- /- /N, NC {N,NC
Glial cells *** 0-3+ 0-3+ 0-3+ 0-3+
/N, C /N,C /C,NC /C,NC
Neurons 0-3+ 0-3+ 0-4+ 0- 4+
/C /C /C /1C
P53 EDI-positive - - 0-3+ 0-3+
inflammatory ceils * /- /- /N, NC /N, NC
ED1-negative - - 0-4+ 0-4+
inflammatory cells ** /- /- /N, NC /N, NC
Glial cells *** 0-2+ 0-3+ 0-3+ 0-2+
IN,C /N,C /C,NC {C,NC
Neurons 0-2+ 0-2+ 0-2+ 0-2+
/C /C /C /1C

* Three animals were examined in each group.

® The intensity of immunoreactive cells is expressed as negative (0), weak

(1+), moderate (2+), strong (3+), very intense (4+) of positive cells in the

spinal cords of each group.

¢ Distribution of expression in the cell. N, nucleus; C, cytoplasm; NC, both

nucleus and cytoplasm,

* ED1-positive inflammatory cells are macrophages/activated microglia.

++ ED1-negative cells are inflammatory cells (probably T cells) except EDI1-

positive macrophages/activated microglia.
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«*+ Glial cells imply all unidentified non-neuronal cells in the parenchyma,
which may include GFAP (+) astrocytes, oligodendrocytes and inactivated

microglia,

_19.—



4. Discussion

This study reports for the first time that some survival genes, including
Bcl-2, rescue brain cells from apoptosis in the course of EAE, and some
apoptotic genes may regulate cell apoptosis. In contrast to the brain cells,
invading inflammatory cells underwent apoptosis through the lack of Bcl-2
and the intense increase of apoptotic molecules, including p53 and Bax.

The tumor suppressor gene p53, which is able to induce growth arrest or
apoptosis in DNA-damaged cells, is one of the well-known apoptotic
molecules in many cultured cells. Although all cells expressing p53 do not
undergo apoptosis, a lot of apoptotic cells showed nuclear localization of p53
suggesting that this molecule may be activated. In this study, we found that
some brain cells, which were not apoptosis, expressed p53 in the cytoplasm,
while some inflammatory cells showed nuclear staining of p53 and were
positive for TUNEL. If p53 increase in the cells in vitro or in vivo, Bax, one
of the other death signals, will increased and induced apoptosis of the cell
(Miyashita er al., 1994; Selvakumaran e al., 1994). In this study, Bax
immunoreactivity was shown the similar pattern of p53.

Bcl-2 is an anti-apoptotic molecule that allows neuronal cells to survive
in vitro (Melkova et al., 1997). It is known as an anti-apoptosis factor.
Consistent with previous findings, multiple sclerosis lesions have been to

contain Bel-2 expressing T lymphocytes, which may continuously damage the
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brain tissues (Zettl et al, 1998). Furthermore, Bcl-2 expressing
oligodendroglia and astrocytes do not undergo apoptosis in EAE (Bonetti et
al, 1997). In this study, we postulate that increased expression of Bcl-2
mediate the survival of neurons and some glial cells. It is one possible
reason that brain cells, including neurons and glial cells, survive autoimmune
injury in the CNS. Our finding that some inflammatory cells do not undergo
apoptosis in perivascular lesions, suggests that in these cells, during the peak
stage of EAE, the anti-apoptotic B¢l-2 predominate, rather than the death
signals.  Similar findings are consistently identified in cancer cells
(Waggoner er al., 1998) and multiple sclerosis lesions (Bonetti and Raine,
1997). Our findings are further supported by the observation that effector
cells, such as oligodendroglia expressing many death signals including Fas,
do not undergo apoptosis in the murine EAE model, while homing
inflammatory cells are selectively vulnerable to the death signals associated
with apoptosis (Bonetti et al., 1997).

In conclusion, we suggest that Bcl-2 may play an essential role in the
survival of host cells, as well as most of ED (+) perivascular inflammatory
cells in autoimmune CNS inflammation, while the inflammatory cells in the

parenchyma may undergo apoptosis through the contribution of p53 and Bax.
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AJIHAN L MLEH0 A apoptosis = 821Xt

p532} apoptosis A XI2IXI Bel-22] B3

Xizu==: & 8 &)

2 &8 8

M=t et o183}

HOsHOR2 ALlE 2/AZ [l HHM AYE 0ISEO0 OHH
UHE HM RHE=XIE RESI] S0 HEN X7 HAL 2SN
(Experimental autoimmune encephalomyelitis, EAE)#E S& 8 % 2T g
HYTNSHOFT HASHALC

Apoptosis EOIEZ terminal deoxynucleotidy! transferase (TdT)-mediated dUTP
nick end-labelling (TUNEL) 2 Ei@ O/&6t01 EAES| HH Al apoptotic cell®
EXR TANGIRALCH  Apoptosistl 20St= 21Xt p53 D Bax, 2l
apoptosis AKX X2 Bel-2& Western blotik B U5 HEHE TAIGILD

SN0 HAZNHN ZAHE o RS MITE KA 5 AZJMAHAM
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Apoptosis &t HIW SESHACH

EAE( OI&& WES HHZANMM TUNELZMO apoptosishl E=
(s a0 2& = 20 (40 EDIYMO macrophage)t &
2 F=2ME= He SEH &ATACH

Western blot & It p531t Bax= (HZEZ 0 BISH &S OHHID| (EAE, G3)0l
ZHHEH0 RoAM UAA BOHSRUL (p<0.01), OHHIMAM BI=TIBA OlEmSI
gae 2400 el Bel-2= MHEZ0N HIH OHHIJINT R

U= Hale 2S0IX SUAL

o

AT, p53nt BaxQ WE HeEo dEl Y9sSME
(K22 Tcel)MA RHGAL, W25 macrophage 2+ brain cell
(neuron, glial cellDUlAM= W ZSA HACYACD iU Bel2s
EHFELO HEEMNE (FZ macrophage)?t neuron 3 glial cell NAMT
BrEoHACH

Olato] ZiHE HEoH ® [, apoptosisl Fxdle ps31t Baxe EAEM
Old HEQ H2IXXNUM SSHZ(|S|, T-cell)2l apoptosisHl M
SO A2 FIEL SAH SMAME X WS @R
ESMIEZESES Bcl-252 apoptosis AKXl BASE Q5 =X

LEE A0 MAE[G

Z=R (M. apoptosis, p53, Bax, Bcl-2, XtJ|H YA &4
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A 2

0 FAS 28 & UTE SAVMOZ CUFAD, AFHEA
S2RUN FMCEC, MUN ASH =& WO, MoIo2AO
SRR 2N FA MHE DAYN FMSEUC. 12D, MO =S A
@O0, ®A WS OIS ARM NSHFL USM DAHD
plEm DAL WO FNSBEUC & HNO2 XY =28
MAHES UE SHTHANALMATL  Yoh Matumoto AL
ANEBUDH
M7t SO0/ A28 BN N2MHX MUH ¥ I=a® T4
YAHE D4H, HES Do, 0T D4, YRR DAY, OIS
SH, 0ISA DeH, ISH 4K, $52 DAEN 2AS2D, O
20 ZOID ANM OIK BN YE SATHAFUSATL NYE
WANKD O SO MOIN DES A MHE I WIANE 08
NENEY, SUNMD SAMHDAARL Y MM 22 SBHE
ASE MMUN RNOR ZACAN, Hate MEE MIND FNS &
A UTE CoE B0 8, MM AHE I, FE SANY Z,
NE BE& HD A, N8N 2WS, 5, 015, By, 514, ¥4, UN,
CH @s X8, ASUNS 2A0 OIBE HEUC
o2 Il WINMK HEHE= ANZOZ ZAEH NEE, WA,
U, 28, M98, 2 124, &2 124, A2 MK, 00U, %3t
@ 4% 120 KNAHH 0 S ANE SEUC

1999. 12

Ao
o
Ot

..29_.



	표제면
	Abstract 
	CONTENTS
	1. Introduction
	2. Materials and Methods
	3. Results
	4. Discussion
	5. References
	초록

