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Abstract5)

We exam ined the loca liza tion of the anti-apoptotic
m olecu le Bc l-2 in the spina l cords o f Lew is rats w ith
experim enta l auto im mune encepha lom ye lit is (EAE).
We stern blot analys is show ed that B cl-2 w as
constitu tive ly expre ssed in norm al spina l cords, and
w eakly increased in response to com ple te Fre und's
adjuvant(CFA) immunization. In EAE, w ith in filtra tion
of in flam m atory ce lls in to sp inal cords , Bc l-2 dec lined
during the pe ak s tage and further decreased during
the recovery s tage . Im m unohis tochem ica lly , som e
neurons and glia l ce lls cons titu tive ly expressed Bc l-2
in norm al ra t spina l cords. In the spina l cords of rats
w ith EAE, Bc l-2 w as a lso im munoreacted in som e
pe rivascu lar in flam m atory ce lls w h ile some bra in
ce lls , such as neurons and GFAP (+) as trocyte s
show ed le s s Bc l-2 imm unoreaction .

These findings suggest that in EAE, Bcl-2 expression
in the CNS host cells decreases w ith CNS inflam mation ,
poss ibly progre ss ing to ce ll de ath in som e cases,
w h ile the survival of host ce lls , inc luding neurons,
as trocy te s, and some in flam m atory ce lls , is as socia ted
w ith ac tiva tion of the anti-apopto tic m ole cu le B cl-2.

Taking all in to considera tions , its is postu lated that
Bc l-2 e ither bene fic ially or de trim enta lly functions in
som e host ce lls depe nding on the ac tiva tion s tage o f
each ce ll type .

Key w ords : apoptosis, autoimmune encephalomyelit is,
Bcl-2

Introduction

Experimental autoimmune encephalomyelitis (EAE) is an
autoimmune disease of the central nervous system (CNS)
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that is used to study human demyelinat ing diseases such as
mult iple sclerosis [2, 12]. 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 charac-
terized by the infilt rat ion of T cells and macrophages, and
the activat ion of microglia and astrocytes at the peak stage
[13, 16]. Apoptosis is one possible mechanism for the recovery
in EAE, because invading cells are eliminated through
apoptosis during the peak stage [1, 5, 10,15]. Apoptotic cells
are found mainly in the parenchyma, where many apoptosis-
related molecules are found, including p53 and Bax, while
they are rarely found in perivascular EAE lesions [8]. Brain
cells can survive in the CNS of EAE rats, despite the
increased infilt rat ion of inflammatory cells and the resulting
secret ion of many cytokines and cyto-toxic molecules [6, 11].

Bcl-2 is an anti-apoptotic molecule that is normally
expressed in neurons and cancer cells [14, 17]. Although
Bcl-2 is expressed in mult iple sclerosis lesions [19] and its
animal model EAE [3, 18], lit tle is known about the
localization of Bcl-2 in rat EAE in relat ion to escape from
apoptosis in host and some inflammatory cells.

In this study, we examined the distr ibution of the
anti-apoptotic molecule Bcl-2 in EAE lesions of the spinal
cord in Lewis rats, and studied the relat ionship between the
distribution of this molecule and apoptosis.

Material and Methods

Anim als
Lewis rats of both sexes (7-12 weeks old) were obtained

from the Korea Research Inst itute of Bioscience and
Biotechnology, KIST (Daejeon, Korea) and bred in our
animal facility.

EAE induction
EAE was induced in Lewis rats with a slight modificat ion

of a previously described method [16]. Briefly, each rat was
subcutaneously injected in the hind footpads bilaterally with
an emulsion containing equal parts of fresh rat spinal cord
homogenates in phosphate buffer (mg/ml) and complete
Freund's adjuvant (CFA; Mycobacterium tuberculosis H37Ra,
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mg/ml)(Difco, Detroit, MI, U.S.A.). On the day of immunizat ion,
the rats were injected with 2 g of pertussis toxin intraperi-
toneally (Sigma, St. Louis, MO, U.S.A.). Control animals
received either CFA or pertussis toxin 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 condit ion [10, 16].

Tissue sam pling
Tissue samples were taken on days 10-14 and 21-25

post-immunizat ion (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.

Western blot analysis
Frozen nervous tissue was thawed at room temperature,

minced, lysed in a buffer consist ing of 40 mM Tris-HCl, pH
7.4, 120 mM NaCl, and 0.1% Nonidet P-40 (polyoxyethylene
(9) p-t-octyl phenol) containing the protease inhibitors
leupeptin (0.5㎍/ml), PMSF (1 mM), and aprotinin (5 ㎍/ml),
and homogenized. Equal amounts of protein (200 g/20 l)
were loaded in each lane, and electrophoresed under denaturing
conditions in sodium dodecyl sulfate-polyacrylamide gels
(SDS-PAGE). After electrophoresis, the proteins were electro-
transferred onto nitrocellulose transfer membranes (Schleicher
and Schuell, Keene, NH). Blotting with rabbit anti-Bcl-2
(1:200 dilut ion, Santa Cruz, CA) was performed as described
in a previous paper [8]. Visualizat ion was achieved using
Amersham ECL reagents (Amersham Life Science, Litt le
Chalfont, Buckinghamshire, UK). The results were quantified
with a densitometer (M GS-700 Imaging Densitometer,
Bio-Rad Laboratories, Hercules, CA).

Terminal deoxynucleotidyl transferase (TdT)-me dia ted
dUTP nick end-labe ling (TUNEL)
DNA fragmentat ion was detected by in situ nick end-

labeling, as described in the manufacturer’s instruct ions
(Intergen, Purchase, NY). In brief, the paraffin sect ions
were deparaffinized, rehydrated, and washed in PBS. The
sections were treated with 0.005% pronase (Dako, glostrup,
Denmark) for 20 minutes at 37℃ and subsequently incubated
with TdT buffer solution (140 mM sodium cacodylate, 1 mM
CoCl, 30 mM Tris-HCl, pH 7.2) containing 0.15 U/μL TdT
and 0.004 nmol/L digoxigenin-dUTP for 60 minutes at 37℃,
and then in TB buffer (300 mM NaCl, 30 mM sodium
citrate) for 15 minutes. They were then reacted with peroxidase-
labeled anti-digoxigenine antibody for 60 minutes. Positive
cells were visualized by using a diaminobenzidine substrate
kit and counterstained with hematoxylin.

Im m unohis tochem istry
Staining followed the labeled-streptavidin-biotin (LAB-SA)

method (Histostain®-Plus Kits, Zymed Laboratories Inc, San
Francisco, CA) according to the manufacturer’s instruct ions.
In brief, 5-m-thick sections of paraffin-embedded spinal
cords were deparaffinized and treated with 0.3% H2O2 in
methyl alcohol for 20 minutes to block endogenous peroxidase.
The sections were exposed to normal goat serum, and then
incubated in optimally diluted primary antisera including
rabbit anti-Bcl-2 (1:200 dilut ion, Santa Cruz Biotechnology,
Santa Cruz, CA) for 1 hour at room temperature. To
dist inguish cell types in the CNS, either rabbit anti-GFAP
serum (1:800, Dako) specific for astrocytes or ED1 for
macrophages was applied to adjacent sections. The peroxidase
was developed with diaminobenzidine- H2O2 solution (0.001%
3,3′-diaminobenzidine [Sigma] and 0.01% H2O2 in 0.05 M
Tris-buffered saline [TBS, pH 7.4]). The sections were
counterstained with hematoxylin before mounting.

Results

Weste rn blot ana lysis o f B cl-2 in EAE
Bcl-2 was constitut ively expressed in the normal rat

spinal cord (Fig. 1, lane 1), and expression increased in
response to immunization with CFA (Fig. 1, lane 2). The
degree of Bcl-2 expression in the early stage of EAE (G1,
day 9 PI) (Fig. 1, lanes 3 and 4) was the same as in the

Bc l-2

Norma l C FA Ea rly Pe a k Re c o ve ry

Fig . 1. A representative photograph of Western blot analysis of Bcl-2 in the spinal cord in normal, CFA-immunized, and
EAE rats: lane 1; normal, lane 2; CFA immunized (day 9 PI), lanes 3 and 4; EAE (G1, day 9 PI), lanes 5 and 6; EAE (G3,
day 12 PI), lanes 7 and 8; EAE (R0, day 21 PI).
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CFA-immunized group on the same day (day 9) (Fig. 1, lane
2). Surprisingly, Bcl-2 expression declined at the peak stage
(day 12 PI, G3) (Fig. 1, lanes 5 and 6), and further decreased
during the recovery stage (day 21 PI, R0) (Fig. 1, lanes 7 and
8). This suggests that Bcl-2 is const itut ively expressed in
normal adult CNS tissues, and its expression may increase
in response to peripheral stimulation, such as immunizat ion
with CFA. However, relat ive amount of Bcl-2 expression
decreases in the EAE affected spinal cords, suggest ing that
some cells exhibit less Bcl-2.

Distribution of B cl-2 im munoreactiv ity and TUN EL
reac tion in EAE lesions
Bcl-2 was expressed in some neurons and glial cells in

the normal rat spinal cord (Fig. 2A). In EAE lesions, Bcl-2
immunoreactivity was found in some inflammatory cells in
the perivascular cuffing, rather than in those in the
parenchyma, as well as in some neurons and glial cells (Fig.
2B). Table 1 summarizes the expression of Bcl-2 by cell
phenotype. The intensity of Bcl-2 staining in neurons in EAE
was weaker than in neurons in the normal and CFA-
immunized groups. It suggests that the decreased expression
of Bcl-2 in EAE by western blot might come from the less
immunoreactivity of Bcl-2 in host cells, or the amount of
Bcl-2 expression in normal spinal cords overwhelm those of
both host cells and inflammatory cells in EAE lesions.

The localizat ion of the TUNEL reaction (Fig. 3) was
inversely related to Bcl-2 immunoreactivity (Fig. 2B) in
EAE lesions. In EAE, TUNEL (+) apoptotic cells were
scat tered throughout the spinal cord parenchyma, but were
rarely found in perivascular lesions (Fig. 3), as previously
shown [8]. Moreover, the TUNEL reaction was barely seen
in neurons and glial cells (Fig. 3), suggesting that host cells
escape death in autoimmune CNS inflammation.

Discussion

Bcl-2 is a survival molecule that allows neuronal cells to
survive in vitro [7], and is an anti-apoptotic factor in

primary carcinoid tumors [20]. Consistent with previous
findings, mult iple sclerosis lesions were found to contain
Bcl-2-expressing T lymphocytes, which may continuously
injure brain tissues [19]. Previously, it was reported that in
EAE, astrocytes and oligodendroglial cells expressing Bcl-2
do not undergo apoptosis [2]. Furthermore, the lack of
apoptosis in perivascular cuffing in EAE is caused by the
generat ion of superoxide in invading macrophages, at least
in part [4].

Our results suggest that the apoptosis of inflammatory
cells in EAE parenchyma cells lacking anti-apoptotic Bcl-2
requires additional molecules from the apoptosis cascade. In
this study, in EAE spinal cords, the TUNEL reaction was
barely seen in neurons and glial cells that showed Bcl-2
immunoreactivity, suggest ing that the host cells escape
death in autoimmune CNS inflammation. This is one
possible reason why brain cells, including neurons and glial
cells, survive autoimmune injury. Our finding that some
inflammatory cells do not undergo apoptosis in perivascular
lesions suggests that in these cells, during the peak stage of
EAE, anti-apoptotic Bcl-2 predominates, rather than the
cytotoxic effectors. Similar findings are consistently seen in
cancer cells [17] and mult iple sclerosis lesions [3]. Our
findings are further supported by the observation that
effector cells, such as oligodendroglial cells 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 [2]. Moreover, Offen et al. [9] reported that,
in MOG-induced EAE, Bcl-2 reduces axonal damage and
attenuates the clinical severity.

In conclusion, we hypothesize that the anti-apoptotic molecule
Bcl-2 allows the survival of host cells and perivascular
inflammatory cells in autoimmune CNS inflammation, while
inflammatory cells in the parenchyma undergo apoptosis
because they lack survival genes.

Table 1. Bcl-2 immunoreactivity in cell phenotypes of the spinal cords of normal and EAE rats

Norm ala CF A EAE(G3, day 12P I)a EAE(R0, day 21 P I)a

Neurons
Astrocytes
Ependymal cells
Macrophages/act ivated microglia
T-cells

＋＋＋
＋＋
＋
－
－

＋＋＋
＋＋
＋
－
－

＋
＋
＋
＋＋
＋＋

＋
＋
＋
＋
＋

a Three to five animals were examined in each group.
b Normal and EAE spinal cord sections were analyzed using an apoptosis detection kit and immunohistochemistry was

examined using antibodies to detect specific markers. Stained sections were scored according to the number of cells per
field that were positive. The number of posit ive cells in an average of five randomly chosen 100 fields was scored as:
－, no positive cells; ＋, <10 cells per field; ＋＋, <30 cells; ＋＋＋, 30 cells.
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