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Abstract

The mechanism of natural killer (NK) cell regulatory role in experimental autoimmune encephalomyelitis (EAE) was studied in SIL/J
mice. In vivo experiments showed that NK cell depletion by anti-NK1.1 monoclonal antibody treatment enhanced EAE in mice. To
investigate the mechanism, we cultured proteolipid protein (PLP),36_50 peptide-specific, encephalitogenic T cell lines, which were used as
the NK cell target. Our results show that NK cells exert a direct cytotoxic effect on autoantigen-specific, encephalitogenic T cells.
Furthermore, cytotoxicity to PLP-specific, encephalitogenic T line cells was enhanced by using enriched NK cells as effector cells. However,
the cytotoxic effect of NK cells to ovalbumin-specific T line cells and ConA-stimulated T cells could also be detected with a lesser efficiency.
Our studies indicate that NK cells play a regulatory role in EAE through killing of syngeneic T cells which include myelin antigen-specific,

encephalitogenic T cells, and thus ameliorate EAE.
© 2005 Elsevier B.V. All rights reserved.

Keywords: Natural killer cells; Experimental autoimmune encephalomyelitis; Proteolipid protein; Encephalitogenicity; Cytotoxicity

1. Introduction

Since the 1980s, a great deal of evidence has been
accumulated, suggesting an association between decreased
numbers and activities of NK cells and autoimmune
diseases, such as multiple sclerosis (MS) (Benczur et al.,
1980; Munschaner et al., 1995), type I diabetes (Nair et al.,
1986; Negishi et al., 1986; Atallah et al., 1987), systemic
lupus erythematosus (SLE) (Hoffman, 1980; Erkeller-
Yuksel et al., 1993, 1997; Shai et al., 1999; Moser et al.,
1998).

In multiple sclerosis (MS), it has been reported that MS
patients tend to have lower numbers and activities of NK
cells than healthy individuals and other neurological

* Corresponding author. National Institute for Longevity Sciences, 36-3
Gengo, Morioka, Obu 474-8522, Japan. Tel.: +81 562 45 0183; fax: +81
562 45 0184.

E-mail address: tabira@nils.go.jp (T. Tabira).

0165-5728/$ - see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.jneuroim.2005.02.011

diseases patients (Vranes et al., 1989; Munschauer et al.,
1995), and new and enlarging or recurring lesions tend to
occur following periods of low NK cell activities (Kastruk-
off et al, 1998). Although MS patients with stable
symptoms had relatively normal lytic activities (Merrill et
al., 1982; Neighbour et al., 1982), depressions in NK lytic
activities immediately preceded lesion extension (Kastruk-
off et al., 1998). It is interesting to know that the NK cell
lytic activity of healthy monozygotic twin siblings of an
affected patient was not changed (Kaudewitz et al., 1983;
Heltberg et al., 1983).

In experimental autoimmune encephalomyelitis (EAE), a
well-established model of MS, we have found that depletion
of NK cells by in vivo treatment with a monoclonal
antibody (imAb) against NK 1.1 resulted in an increased
severity and relapsing pattern of disease in C57BL/6 mice
(Zhang et al., 1997). It has also been reported that mAb
(3.2.3 or anti-asialo GM1) depletion of NK cells exacerbates
EAE in Lewis rats (Matsumoto et al., 1998).
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Although all of the evidence suggested that NK cells
might play a role in the regulation of MS and EAE, the
mechanism by which NK cells could mediate immune
regulation remains unclear. The present study was con-
ducted to investigate the mechanism of NK cell regulatory
roles in EAE, and suggests direct killing of autoreactive T
cells.

2. Materials and methods
2.1. Mice

SJL/J mice were purchased from Jackson Laboratory
(Bar Harbor, ME). All mice were kept under specific
pathogen-free conditions and only female mice (6-10 weeks
old) were used. Experiments were conducted in accordance
with our institutional guidelines after obtaining the permis-
sion of the Laboratory Animal Ethics Committee.

2.2. Reagents

PLP)36-150 (RVSHSLGKWLGHPDK) was purchased
from Kurabo (Tokyo, Japan). Incomplete Freund’s adju-
vant (IFA) and heat-killed Mycobacterium tuberculosis
H37Ra were purchased from Difco Laboratory (Detroit,
MI). Pertussis toxin (PT), RPMI-1640, PKH 2, chicken
OVA grade VII, and ConA were purchased from Sigma
(St. Louis, MO). Hybridomas producing anti-NKI1.I mAb
(PK136) and isotype-matched control mAb M-11, specific
for human melanoma cell surface antigen, were obtained
from American Type Culture Collection (Rockville, MD).
The mAbs were purified from the supernatants using
Protein A column chromatography. Anti-mouse CD3-FITC,
CD,¢-PE, NK1.1-PE, DXs-FITC and F¢ Block (anti-mouse
FcRy W/II mAb) were purchased from PharMingen (San
Diego, CA). Anti-mouse CD o Microbeads and anti-mouse
CDs Microbeads were purchased from Miltenyi Biotec
(Bergisch Gladbach, Germany).

2.3. Immunization

For induction of active EAE, mice were injected in hind
footpads with 200 pl of an emulsion containing 100 pg of
PLP36_150 in IFA supplemented with 400 pg of M.
tuberculosis. Mice were injected intraperitoneally (i.p.) with
400 ng of pertussis toxin (PT) in 250 pl of phosphate-
buffered saline (PBS) shortly after and 48 h after the
immunization. For the study of T cell responses, mice were
immunized only with the same emulsion without subsequent
injection of PT.

2.4. EAE score

After immunization, mice were observed daily for
clinical signs of EAE. The clinical grade was scored as

follow: 0—mno clinical signs; 1—loss of tail tonicity; 2—one
hind leg paralysis; 3—two hind leg paralysis; 4—hind and
fore leg paralysis; 5-—death.

2.5. In vivo NK cell deletion

To deplete NK cells in vivo, mice were i.p. injected with
500 pg of anti-NK1.1 mAb (PK136) 1 day before and 14
days after the immunization. Control mice were treated either
with 500 pg of an isotype-matched control mAb or PBS.

2.6. Quantitation of NK cells

Spleen cells were treated in ACK lysing buffer to lyse
erythrocytes, washed three times in PBS, and then
suspended in PBS containing 0.1% bovine serum albumin
(BSA) and 0.01% NaNj. The cells were first incubated with
Fc Block (PharMingen, San Diego, CA) for 15 min to block
nonspecific bindings of Ig to Fc receptors, washed in PBS,
and then incubated with anti-CD3-FITC, and/or anti-CD ¢~
PE, and/or anti-NK1.1 PE, and/or anti-DXs-FITC for 30
min on ice. After washing, they were suspended in PBS
containing 0.5 pg/ml of propidium iodide (PI; Wako Pure
Chemical Industries, Ltd, Osaka, Japan), and 10,000 cells
were analyzed by FACSort (Becton Dickinson, Mountain
View, CA) with CellQuest software. Dead cells were
excluded by gating out PI-positive cells.

2.7. Culture medium

RPMI-1640 containing 5x 10™> M 2-mercaptoethanol
(2-ME), 2 mM L-glutamine, and 100 U/pg/ml penicillin/
streptomycin (referred to as the basic medium) were used
after supplemented with 10% or 5% fetal calf serum
(FCS) alone or with 10% or 5% FCS and ConA
supernatant as a source of IL-2 (supernatant of ConA-
stimulated rat spleen cells).

2.8. T cell line culture

Long-term T cell lines specific for PLP 3 50 Were
established according to the method described (Inobe et al.,
1993). Briefly, the draining lymph nodes were removed 10
days after immunization with PLP36 ;59 and single cell
suspensions were prepared at 5x 10%ml in the basic
medium supplemented with 10% FCS. They were plated
on to 6-well plates at 5 ml/well and stimulated with 20 pg/
ml PLP34_150. The cells were fed with the basic medium
supplemented with 10% ConA supernatant and 10% FCS
every 3 days. On day 12, 5x 10%ml T line cells were re-
stimulated with 20 pg/ml PLP34.150 in the presence of
5 x 10%ml X-irradiated (3300 rad), syngeneic spleen cells as
APCs. After several cycles of alternate stimulation with
PLP36_150 and propagation (every 10-14 days), the antigen
specificity and encephalitogenicity of the T cell lines were
confirmed.
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Fig. 1. NK cell depletion enhances EAE in SJIL/J] mice. Mice were
immunized with 100 pg of PLPy36 150 in complete Freund adjuvant. Mice
were also injected intraperitoneally with 400 ng of PT shortly after and 48 h
after immunization. Anti-NK 1.1 mAb-treated group mice were injected with
500 pg of anti-NK1.1 mAb (PK136) ! day before and 14 days afler
immunization. Control mice were treated with PBS. Four mice in each group
were used. This is a representative of three experiments with similar results.

OVA-specific T cell lines were established by using the
same method.

2.9. ConA-stimulated T cell culture

Spleen cells from SJL/J mice were incubated on a plastic
culture dish for 2-3 h at 37 °C, nonadherent cells were
collected and incubated with CD,9 Microbeads for 15 min at
6-12 °C, then T cells enriched population were negatively
selected by passing through a MACS column.

1.25 % 10%ml T cells enriched population were cultured
with 2.5 pg/ml ConA in RPMI-1640 supplemented with 5%
FCS. The cultures were incubated for 72 h at 37°C in
humidified air containing 5% CO,, then cells were collected
and used as target cells.

2.10. Cytotoxicity assay

Spleen cell suspensions were prepared from naive SIL/J
mice, and were treated with ACK buffer to lyse eryth-
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rocytes, then macrophages were depleted by adherence on a
plastic culture dish for 2-3 h at 37 °C. Nonadherent cells
were collected, washed with complete medium, and used as
effector cells.

Cytotoxicity assays were performed using flow cyto-
metric method of Slezak and Horan (Slezak and Horan,
1989). Briefly, 3 days after stimulation, cultured T line cells
or ConA-stimulated T cells were labeled with a lipophilic
green fluorescent cell linker PKH 2, which can incorporate
into the cell membrane. Uniform labeling of cells was
confirmed by visualization using a fluorescent microscope.
Labeled target cells (I) were then incubated in triplicate
with nonlabeled syngeneic effector cells (E) at ratio of 1:50,
1:100, 1:200, 1:400 (T:E) respectively for 4 h at 37 °C in
humidified air containing 5% CO,. Then cells were
collected, stained with PI, and analyzed by flow cytometry.
Controls consisted of cultured T line cells or ConA-
stimulated T cells without effector cells. Cytotoxicity was
determined by calculating the percentage of cells positive
for both PI (red) and PKH 2 (green). NK cells cytotoxicity
was expressed by subtracting the background from the
average of three samples at each E:T ratio.

2.11. NK cells enrichment

Nonadherent spleen cells were prepared from naive SJL/J
mice as described above, then incubated with anti-mouse
CD,9 Microbeads and anti-mouse CDs Microbeads for 15
min at 6—12 °C. Then NK cells were negatively selected by
passing through a MACS column according to the
manufacturer’s instructions. The purity of NK cells was
examined by flow cytometry. Cytotoxicity assay was also
performed by using enriched NK cells as effector cells.

2.12. Statistical analysis
Differences between groups were evaluated by student’s
¢t test. Statistical analysis was performed on the Excel

program for Macintosh (Microsoft).
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Fig. 2. Low NKT cell levels in SJL/J mice. Normal naive SJL/J mice and C57BL/6J mice spleen were removed, and stained with anti-NX 1.1 PE and anti-CD3

FITC mAbs. One representative experiment out of three is shown.



