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[JAbstract—This study demonstrates for the
first time that carp (Cyprinus carpio) neutro-
philic granulocytes from the head kidney
possess potent spontaneous cytotoxic
activity against several human tumor cell
lines. Carp head kidney cells isolated at a
density of 1.09 g/mL contained more than
90% neutrophilic granulocytes. These cells
were round and approximately 10 pm in dia-
meter with reniform or polymorphic nuclei
and slightly eosinophilic cytoplasm when
stained with Giemsa. Electron microscopy
revealed that the cytoplasm contained
numerous oval granules, some of which con-
tained a dense rod-shaped core. The neutro-
philic granulocytes readily formed
conjugates with the human target cells and
rapidly killed them. The neutrophilic granu-
locytes killed human derived target cells
better than murine derived target cells. Inhi-
bition of cytotoxicity by catalase suggested
that the production of H,O, is involved as a
mediator in the cytotoxic reaction. The size
and granularity of the carp effector cells indi-
cate that they are different from the small
agranular nonspecific cytotoxic cells (NCC)
described in the channel catfish.

UOKeywords—Fish; Carp; Head kidney;
Neutrophilic granulocyte; K562;
Spontaneous cytotoxic activity; Natural
killer activity; H,O,;.
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Introduction

Cell-mediated killing is an important
fundamental defense mechanism in the
control of tumor cells and virus-infected
cells. Cells possessing cytotoxic activity
are found in many species from inverte-
brates to vertebrates (1-6). Hemocytes
from the clam, Corbicula fluminea, lyse
mammalian erythrocytes by a secreted
hemolytic factor (7). Crayfish, Astacus
astacus, have two cell types, granular
and semigranular cells, which possess
cytotoxic activity (8). Spontaneous killer
(SK) cells from frogs, Rana pipiens, are
similar in morphology to mammalian
large granular lymphocytes (4). Periph-
eral blood mononuclear cells and gran-
ulocytes from chickens are able to lyse
virus-transformed chicken cells (6,9).
Mammals possess a number of different
kinds of cytotoxic cells which include
cytolytic immune T cells (10,11), mono-
cytes or macrophages (12,13), granulo-
cytes (14-16) and natural killer (NK)
cells (17-19). Although cytotoxic activity
has been described in fish (20-26), only
one type of cytotoxic cell has been well
defined and it is the small agranular
nonspecific cytotoxic cells (NCC) from
the channel catish (Jctalurus punctatus)
(27-29).

In the present study, neutrophilic gran-
ulocytes from carp head kidney were
characterized and found to possess a
potent spontaneous cytotoxic activity
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toward several mammalian tumor cell
lines.

Materials and Methods
Fish
Carp, Cyprinus carpio, weighing

approximately 250 g were used for this
study. The fish were maintained in 40 L
tanks with running water at a temperature
of 254+ 1°C. The fish were fed a commer-
cial pellet diet to satiation twice a day.

1
Medium

Cell cultures were performed in RPMI-
1640 (Nissui Pharmaceutical Co.) supple-
mented with 10% heat-inactivated fetal
bovine serum (FBS: Commonwealth
Serum Laboratories), 1.4 mA sodium
bicarbonate (NaHCO,), 4 mM L-gluta-
mine, 100 units (U)/mL penicillin and 100
pg/mL streptomycin.

Cell Preparations

Fish were anesthetized in water con-
taining 100 ppm ethyl 4-aminobenzoate
and effector cells -were aseptically pre-
pared from the head kidney. Cell suspen-
sions were prepared by gently pressing the
tissue through a 150-gauge mesh stainless
steel sieve in 10 mL of RPMI-1640
without FBS. The cells were washed
twice with RPMI-1640 containing 10%
FBS at 800 x g for 5 min at 4°C. Washed
cells were then applied to a discontinuous
Percoll (Sigma Chemical Co.) density
gradient of 1.065, 1.08 and 1.09 g/mL
and centrifuged at 350 x g for 20 min at
4°C. Cells at each of the three interfaces
were collected and washed twice with
unsupplemented RPMI-1640. The effector
cells from the three fractions were sus-
pended in 2 mL of RPMI-1640 containing
10% FBS and incubated for 12 h at 25°C

until used; preincubation has been shown
to enhance the activity of effector cells
(26).

Before wuse, the effector cells were
counted and brought to a concentration
of 1x107/mL in RPMI-1640 containing
10% FBS. The viability of cells was
greater than 95% as determined by
trypan blue exclusion.

Target Cells

Seven human and murine tumor cell
lines were used as® targets and include:
K562 (human chronic myelogenous leu-
kemia), HL60 (human acute promyelo-
cyte leukemia), MoltdF (human T cell
acute lymphoblastic leukemia), Hela
(human uterocervical carcinoma), Daudi
(human Burkitt’s lymphoma), P815
(mouse  mastocytoma) and YAC-1
(mouse molony virus induced T cell
lymphoma). With the exception of Hela
cells, the cell lines were maintained in
RPMI-1640 containing 10% FBS at 37°C
under 5% CO,. Hela cells were main-
tained in Eagle’s minimum essential
medium (MEM; Nissui Pharmaceutical
Co.) using the same conditions. Because
Hela cells are adherent, these cells were
treated with 0.1% trypsin and 0.02%
ethylenediaminetetraacetic acid in Ca?*
and Mg”" free-phosphate buffer saline
before used. The suspended Hela cells
were used as other nonadherent target
cells for cytotoxicity assay.

Assay for Characteristics of
Cytotoxic Activity

Target cells (3 x 10°) were labeled with
3.7 MBq of Na, *'CrO4 (Japan Atomic
Energy Research Institute) for 1.5 h at
37°C. The labeled cells were washed three
times with unsupplemented RPMI-1640
and diluted to 2x 10° cells/mL in RPMI-
1640 containing 10% FBS. The cell
suspension (100 pL/well) was added to
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round bottom 96-well microtiter plates
(Corning Labs. Inc.). Thereafter, effector
cells (100 pL) were added to each well,
resulting in 50:1, 25:1 and 10:1 ratio of
effector to target cells (E:T ratio). After
incubation at 25°C for the indicated times,
supernatants (200 pL) were harvested with
an automated supernatant collection
device (Skatron) and radioactivity mea-
sured using an automated gamma counter
(Shimazu RAW-300). Radioactivity of
supernatants from target cells without
effector cells and from target cells lysed
with detergent (10% 7X, ICN Biomed-
icals) served as spontaneous and max-
imum release controls, respectively. Each
value for *'Cr-release is the mean of
triplicate wells. The percent cytotoxicity
was calculated as follows:

Cytotoxicity % =

(Testrelease) — (Spontaneous release)
(Maximum release) — (Spontaneous release)

% 100

The kinetics of cytotoxicity was deter-
mined at 0.5, 1, 2, 4, 6 and 8 h after the
effector cells and K562 cells were mixed.
The assay was performed at an E:T ratio
of 10:1 at 25°C.

The following were performed in order
to investigate cytotoxic effects of super-
natants from co-cultured effector cells and
K 562 cells. Effector cells (5 x 10%) Were co-
cultured with K562 cells (1x10°) in 500
pl. RPMI-1640 containing 10% FBS in
Eppendorf microfuge tubes. K562 cells
cultured in absence of effector cells and
effector cells cultured in absence of K562
cells were used as controls. The tubes
were incubated at 25°C. After incubating
(0.5, 1, 2, 3 and 4 h), the tubes were
centrifuged at 800 x g for 5 min at 4°C
and cell-free supernatants were harvested.
The supernatants (100 pL) were added‘to
SICr-labeled K562 cells (2 x 1047100 pL/
well) in 96-well round bottom microtiter
plates, and the plates incubated for 4 h at

25°C. The percent °!Cr-release was mea-
sured as mentioned above.

In additional experiments, catalase
(from bovine liver; 19,900 U/mg; Sigma
Chemical Co.) as an inhibitor of H,O,,
superoxide dismutase (SOD from bovine
erythrocytes; 4200 U/mg; Sigma Chemical
Co.) as an inhibitor of O3, sodium azide
(NaN3) and sodium cyanide (NaCN) as
inhibitors of myeloperoxidase (MPO), L-
alanine, glycine and L-serine as scavengers
of hypochlorous acid (HOCI) were used.
Each of the reagents was added when
target and effector cells were mixed and
their effects on cytotoxicity were exam-
ined. It was established by trypan blue
exclusion that these reagents did not kill
the effector cells (data not shown).

Morphological Observations

For light microscopy, the effector cells
were stained with Giemsa. The {ollowing
were performed for transmission electron
microscopy. The cells from the density
interface of 1.09 g/mL were fixed with
2.5% glutaraldehyde in 0.1 M phosphate
buffer (pH 7.6). After 90 min, the cells
were washed eight times in 7.5% sucrose
in 0.1 M phosphate buffer and postfixed
with 1% OsO4 in phosphate buffered
saline for 90 min. The cells were then
dehydrated in graduated ethanol concen-
trations and embedded in Epon 812.
Ultrathin sections were stained with
urany! acetate and lead acetate.

To. observe conjugation of the fish
effector to K562 cells, the following was
performed. Cells from the 1.09 g/mL
fraction (1 x 10°) and K562 cells (1 x 10°%)
were mixed in 200 pL of RPMI-1640
containing 10% FBS. After incubation
for 1 h at 25°C, samples were prepared
according to the above methods for light
and transmission electron microscopy.
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Results
Characteristics of Cytotoxic Activity

The effector cells at the density inter-
faces for 1.065, 1.08 and 1.09 g/mL
demonstrated cytotoxicity against K562
cells (Fig. 1). The effector cells from the
1.09 g/mlL fraction demonstrated the
highest degree of cytotoxicity (78.9% at
an E:T ratio of 50:1, 74.2% at 25:1, 62.5%
at 10:1). In contrast, the effector cells
isolated from the 1.065 and 1.08 g/mL
interfaces showed much less cytotoxicity
(4.6% and 16.8% at 50:1, respectively).

The effector cells from the 1.09 g/mL
fraction rapidly lysed K562 cells with
significant killing occurring within the
first 2 h; a plateau was reached after 4 h
(Fig. 2). The level of cytotoxicity observed
after 2 h was only slightly less than that
seen at 4 h.

Cytotoxicity of the effector cells from
the 1.09 g/mL fraction against seven
different mammalian target cells is
shown in Figure 3. The cytotoxicity was

100
S
>
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3 50 -
IS
>
(@)

at high levels against the human K562,
HL60, Daudi and Hela cells, at a mod-
erate level against MoltdF cells, and at
low levels against the murine P815 and
YAC-1 cells. The effector cells in the 1.09
g/mL fraction killed human derived target
cells better than murine derived target
cells.

Supernatants from 1.09 g/mL carp
effector cells co-cultured with K562 cells
at various incubation periods (0.5, 1, 2, 3
and 4 h) showed no cytotoxic effects
against K562 cells (data not shown).

Addition of catalase partially inhibited
thecytotoxicity of theeffector cells from the
1.09 g/mL fraction against K562 target cells
L-Alanineand glycine gavea verysmalllevel
ofinhibition and the other reagents gave no
inhibition (Fig. 4). Addition of concen-
trated catalase (400: ug/200 pL) almost
completely inhibited cytotoxicity when
assayed at an E:T ratio of 2.5:1 (Fig. 5).
However, inhibition by high concentrations
of L-alanine and glycine (40 mM) was
minimal even when assayed at a ratio of
1.25:1 (data not shown).

T
10:1

T I
25:1 50:1

Effector : Target cell ratio

Figure 1. Cytotoxicity of carp effectorcelisfromthree fractions (1.065: O -- O, 1.08: O—O, 1.08:
®—®) separated by Percoll density gradients centrifugation. K562 cells were used as a target

cell.
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100 —

Cytotoxicity (%)

'
2 4 6 8

Incubation periods (h)

Figure 2. Kinetics of cytotoxicity by carp effector cells in the 1.09 g/mL fraction from fish 1 (Q)
andfish (@). K562 cells were used as a targetcell. :

100+

Cytotoxicity (%)

K562 HL60O Daudi Hela MoltdF P815 YAC-T

Figure 3. Cytotoxicity of carp effector cells in the 1.09 g/mL fraction against seven mammalian
target cells. This cytotoxicity assay was performed at an E:T ratio of 10:1 for 4 h. Results are
expressed as the mean + SD of cytotoxicity from three experimental fish.
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Figure 4. Effects of various reagents on the cytotoxicity of carp effector celts in the 1.09 g/mL
fraction. The reagents were catalase; 100 pg/200 pub ([J), 200 pg/200uL (#5), 400 ug/200 pl (),
SOD; 50 U/200 pb (), 100 U/200 ul (#2), 200 U/7200 L (E), NaN3, NaCN; 0.25 mM, (B), 0.5 mM
(82), 1 mM (B), t-alanine, glycine and L-serine; 10 mM (B). 20 mM (&), 40 mM (B). Control is
cytotoxicity of the effector cells without the reagents. K562 cells were used as a target cell.
This cytotoxicity assay was performed atan E:T ratioof 5:1for 2 h.

Cytotoxicity (%)

I B 1 1
0 50 100 200 400

Catalase (1 g/200 ul)

Figure 5. Effects of catalase (0, 50, 100, 200, 400 pg/200 pL) on the cytotoxicity of carp effector
cells in the 1.09 g/mL fraction from fish A (O) and fish B (®). K562 cells were used as a target
cell. This cytotoxicity assay was performed atan E:Tratioof2.5:1for 2h. Results are expressed
as the mean + SD of cytotoxicity of triplicate samples from individuals. Significantly different
from non-addition of catalase (0 ug/200 pL) (Student's t-test, *:p <0.005, **: p<0.0005).
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Morphological Observations

Cells at the interface densities of 1.065
and 1.08 g/mL consisted of lymphocytes
(L), granulocytes (G) and macrophages
(M) and cells at the interface density of
1.09 g/mL consisted of lymphocytes and
granulocytes. The proportions of the cells
from five individual carp averaged
92(L):5(G):3(M),  89(L):6(G):5(M) and
9(L):91(G) in the density fractions of
1.065, 1.08 and 1.09 g/mL, respectively.
The granulocytes in the 1.09 g/mL frac-
tion were morphologically
round-shaped cells (approximately 10
wm in diameter) with reniform or poly-
morphic nuclei and a slightly eosinophilic
cytoplasm when stained with Giemsa
(Fig. 6). Electron microscopy revealed
that the cytoplasm was filled with
numerous oval granules. Some of the
granules contained a dense rod-shaped
core (Fig. 7).

uniform-

Conjugation of the granulocytes-K 562
cells was observed by both light and
transmission electron microscopy (Fig.
8). Conjugated granulocytes showed the
same characteristics as the granulocytes
present in the 1.09 g/mL fraction, with the
shape of the conjugated granulocytes
being irregular,

Discussion

The head kidney cells from the 1.09 g/
mL fraction contained 91% granulocytes
and 9% lymphocytes and possessed a
potent spontaneous cytotoxic activity
against a variety of human tumor cells.
In contrast, cells from the 1.065 and 1.08
g/mL fractions were lymphocytic rich
(approximately 90% lymphocytes) and
showed low cytotoxicity for the target
cells used. It was confirmed by light and
electron microscopy that the granulocytes

Figure 6. Alight micrograph of the carp neutrophilic granulocytes inthe 1.09 g/mL fraction (bar;
10 pm). The nuclei were reniforn (a) or polymorphic (b).
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Figure 7. Electron micrographs of the carp neutrophilic granulocyte fromthe 1.08 g/mL fraction
(bar; 2um). Thecytoplasm was filled with numerous oval granules (G) which contained a dense
rod-shapedcore ().

conjugated with the mammalian target
cells. These results clearly indicate that
carp granulocytes are primary spon-
taneous cytotoxic cells.

Carp granulocytes in the head kidney
have been classified into four types by
Temmink and Bayne (30). They found
that neutrophilic granulocytes have a
density of 1.08-1.09 g/mL as determined
by density gradient centrifugation with
Percoll. The other three granulocytes
types all had greater densities. In addi-
tion, carp neutrophilic granulocytes are
characterized by numerous cytoplasmic
granules which possess a dense rod-
shaped core. Such granules are not
found in mammalian neutrophils (31).
The granulocytes observed in this study
were identified as neutrophilic granulo-
cytes based upon the presence of granules
with a dense rod-shaped core and the cell
density (1.08-1.09 g/mL). The granulo-
cytes also showed some characteristics of

neutrophilic granulocytes such as being
phagocytic against E. coli and positive
with Sudan black B staining (data not
shown). However, spontaneous cytotox-
icity of the carp neutrophilic granulocytes
against mammalian tumor cells has not
been previously described. Cytotoxic
function of the other granulocyte types
was not determined because of the difh-
culty in collecting sufficient numbers of
these cells in the absence of contaminating
erythrocytes. Based upon morphological
aspects, the carp neutrophilic granulo-
cytes are clearly different from the small
agranular NCC originally described from
the channel catfish (27).

In contrast to the slow lysis of tumor
cells by mammalian granulocytes (14,32),
carp neutrophilic granulocytes rapidly
lysed target cells. This finding implies
that the specific cytotoxic mechanism
used by carp neutrophilic granulocytes
may differ from that used by mammalian
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Figure 8. Micrographs of conjugation of the carp neutrophilic granulocyte and K562 cell in light
(1, bar; 10 um) and electron (I}, bar; 2 um) microscopy. The cells conjugating to K562 cell (A)
formed as describedin Figs. 6, 7. The granules (G) contained a dense rod-shaped core.

granulocytes. A number of different
cytotoxic ~ mechanisms  have  been
described for mammalian cytotoxic cells
(32-34). Lysis of target cells by natural
killer (NK) cells presumably involves the
recognition of NK target structures and
NK negative target structures via recep-
tors (33,35). In this study, the carp
neutrophilic granulocytes were found to
form conjugates with the target cells
suggesting the existence of target recog-
nition receptors. It is also assumed that
the carp neutrophilic granulocytes lyse
via conjugation with the target cells. This
notion is supported by the finding that
culture supernatants from co-cultured
granulocytes and K562 failed to show a
direct cytotoxic effect against K562 cells.
It is also known that the cytotoxic
reaction of fish NCC requires contact
with a target cell for lysis to occur (28).
The target recognition receptors on carp
neutrophilic granulocytes may have a
specificity for human cells, because carp

neutrophilic  granulocytes killed the
human cell lines very effectively but not
the murine cell lines. The mechanism
whereby the carp neutrophilic granulo-
cytes recognize the targets is not known.
Lysis of target cells can be performed by
various lytic mediators which include
granule proteins, e.g. perforin (36), gran-
zyme A (37) and defensin (38), and toxic
oxygen metabolites (13,32). Since cyto-
toxicity by the carp neutrophilic granu-
locytes was inhibited by catalase, it is
assumed that H,O, may be involved in
the lysis of the target cells. Toxic oxygen
metabolites are important effectors in
bacterial and tumor cell killings by mam-
malian granulocytes (39—42). Particularly,
oxidized halogens which are powerful
cytotoxic mediators in mammalian granu-
locytes (32). Human neutrophil generates
HOCI from H,0,-MPO-CI™ system, and
utilizes this compound to destroy tumor
cells (40—42). It 1s known that carp neu-
trophilic granulocytes possess peroxidase
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in their granules (43,44). However, inhibi-
tion of cytotoxicity of the carp neutrophilic

granulocytes did not occur by addition of
MPO inhibitors (azide and cyanide) or by

addition of the HOCI scavengers (L-ala-
nine, glycine and L-serine). These results
suggest that the carp neutrophilic granulo-
cytes may not use HOCI generated by the
H,0,-MPO-halide system for destruction

of target cells and, therefore, may have a

different cytotoxic mechanism than that of
human granulocytes.

Acknowledgements—We wish to thank Dr N.
W. Miller, Department of Microbiology, Uni-
versity of Mississippi Medical Center, U.S.A,,
for reviewing the manuscript; Dr M.
Nakayasu, National Cancer Center Research
Institution, Japan, for kindly providing the
K562 and HL60 cells; and Japanese Cancer
Research Resources Bank, for providing the
Molt4F, Hela, Daudi, P815 and YAC-1 cells.
This study was supported in part by Grants-in-
Aid for Scientific Research from the Ministry
of Education, Science and Culture, Japan
(Nos. 05660204, 05044136 and 06660232).

References

]

1. Boiledieu, D.; Valembois, P. Natural cytotoxic
activity of sipunculid leukocytes on allogenic
and xenogenic erythrocytes. Dev. Comp.
Immunol. 1:207-216; 1977.

2. Bertheussen, K. The cytotoxic reaction in
allogenic mixtures of echinoid phagocytes. Exp.
Cell Res. 120:373-381; 1979.°

3. Parrinello, N.; Arizza, V., Cammarata, M,
Parrinello, D. M. Cytotoxic activity of Ciona
intestinalis (Tunicata) hemocytes: properties of
the in vitro reaction against erythrocytes targets.
Dev. Comp. Immunol. 17:19-27; 1993.

4. Ghoneum, M. H.; Cooper, E. L. Inhibition of
frog SK effector-target cell binding. Dev. Comp.
Immunol. 11:167-178; 1987.

5. Fleischer, B. Effector cells in avian spontaneous
and antibody-dependent cell-mediated cytotoxi-
city. J. Immunol, 125:1161-1166; 1980.

6. Sieminski-Brodzina, L. M.; Mashaly, M. M.
Characterization by scanning and transmission
electron microscopy of avian peripheral blood
mononuclear cells exhibiting natural killer-like
(NK) activity. Dev. Comp. Immunol. 15:181-
188; 1991.

7. Yoshino, T. P.; Tuan, T. L. Soluble mediators of
cytolytic activity in hemocytes of the Asian clam,
Corbicula - fluminea. Dev. Comp. Immunol.
9:515-522; 1985,

8. Soderhall, K.; Wingren, A.; Johansson, M. W ;
Bertheussen, K. The cytotoxic reaction of
hemocytes from the freshwater crayfish, Astacus
astacus. Cell. Immunol. 94:326-332; 1985.

9. Mandi, Y.; Seprenyi, G.; Pusztai, R.; Beladi, I.
Are granulocytes the main effector cells of
natural cytotoxicity in chickens? Immuno-
biology 170:284-292; 1985.

10. Shearer, G. M. Cell-mediated cytotoxicity to
trinitrophenil-modified” syngeneic lymphocytes.
Eur. J. Immunol. 4:527-533; 1974.

il. Forquest, F.; Calin, V.; Trescol-Biemount, M.
C.; Kanellopoulos, J.; Mottez, E.; Kourilsky,
P.; Rabourdin-Combe, C.; Gerlier, D. Genera-
tion of hen egg lysozyme-specific and major
histocompatibility complex class I-restricted
cytotoxic T lymphocytes: recognition of cyto-

solic and secreted antigen expressed by trans-
fected cells. Eur. J. Immunol. 20:2325-2332;
1990.

12. Adams, D. O.; Hamilton, T. A. The cell biology
of macrophage activation. Ann. Rev. Immunol.
2:283-318; 1984.

13. Kessel, K. P. M. van; Strijp, J. A. G. van; Kats-
Renaud, J. H. van; Verhoef, J. Cytotoxicity by
human adherent cells: oxygen-dependent and
-independent cytotoxic reactions by different cell
populations. Immunology 58:291-296; 1986.

14, Gerrard, T. L.; Cohen, D. J.; Kaplan, A. M.
Human neutrophil-mediated cytotoxicity to
tumor cells. J. Natn. Cancer Inst. 66:483-488;
1981.

15. Korec,S.;Herberman, R.B.;Dean, J.H.; Cannon,
G. B. Cytostasis of tumor cell lines by human
granulocytes. Cell. Immunol. 53:104-115; 1930.

16. Okuno, T.; Takagaki, Y.; Pluznik, D. H.; Djeu,
J. Y. Natural cytotoxic (NC) cell activity in
basophilic cells: release of NC-specific cytotoxic
factor by IgE receptor triggering. J. Immunol.
136:4652-4658; 1986.

17. Rosenberg, E. B.; McCoy, J. L.; Green, S. §;
Donnelly, F. C.; Siwarski, D. C.; Levine, P. H.;
Herberman, R. B. Destruction of human lym-
phoid tissue-culture cell lines by human periph-
eral lymphocytes in °'Cr-release cellular
cytotoxicity assays. J. Natn. Cancer Inst.
52:345-352; 1974,

18. Sendo, F.; Aoki, T.; Boyse, E. A.; Buafo, C. K.
Natural occurrence of lymphocytes showing
cytotoxic activity to BALB/c radiation-induced
leukemia RLZ1 cells, J. Natn. Cancer Inst.
55:603-609; 1975.

19. Kiessling, R.; Klein, E.; Wigzell, H. “Natural”
killer cells in the mouse 1. Cytotoxic cells with
specificity for mouse moloney leukemia cells.
Specificity and distribution according to geno-
type. Eur. J. Immunol. 5:112-117; 1975.

20. Hinuma, S.; Abo, T.; Kumagai, K.; Hata, M.
The potent activity of fresh water fish -kidney
cells in cell-killing 1. Characterization and
species-distribution of cytotoxicity. Dev. Comp.
Immunol. 4:653-666; 1980.

31



Carp neutrophilic granulocytes possessing cytotoxic activity

325

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Graves, S. S.; Evans, D. L.; Cobb, D.; Dawe, D.
L. Nonspecific cytotoxic cells in fish (Jetalurus
punctatus) 1. Optimum requirements for target
cell lysis. Dev. Comp. Immunol. 8:293-302; 1984,
Moody, C. E.; Serreze, D. V.; Reno, P. W. Non-
specific cytotoxic activity of teleost leucocytes.
Dev. Comp. Immunol. 9:51-64; 1985.

Faisal, M.; Ahmed, L. I.; Peters, G.; Cooper, E.
L. Natural cytotoxicity of tilapia feucocytes. Dis.
Aquat. Org. 7:17-22; 1989.

Kiron, V.; Gunji, A.; Okamoto, N.; Satoh, S.;
Ikeda, Y.; Watanbe, T. Dietary nutrient depend-
ent variations on natural-killer activity of the

leucocytes of rainbow trout. Fish Pathol.
28(2):71-176; 1993.
Yoshinaga, K.; Okamoto, N.; Kurata, O

Ikeda, Y. Individual variations of natural killer
activity of rainbow trout leucocytes against IPN
virus-infected and uninfected RTG-2 cells. Fish
Pathol. 29(1):1-4; 1994.

Suzumura, E.; Kurata, O.; Okamoto, N.; Tkeda,
Y. Characteristics of natural killer-like cells in
carp. Fish Pathol. 29(3):199-203; 1994.

Evans, D. L.; Jaso-Friedmann, L. Nonspecific
cytotoxic cells as effectors of immunity in fish,
Ann. Rev. Fish Dis. 2:109-121; 1992.

Evans, D. L.; Jaso-Friedmann, L.; Smith, E. E,;
John, A. St.; Koren, H. S.; Harris, D. T.
Identification of a putative antigen receptor on
fish nonspecific cytotoxic cells with monoclonal
antibodies. J. Immunol. 141:324-332; 1988.
Graves, S. S.; Evans, D. L.; Dawe, D. L.
Antiprotozoan activity of nonspecific cytotoxic
cells (NCC) from the channel catfish (Jctalurus
punctatus). J. Immunol. 134:78-85; 1985.
Temmink, J. H. M.; Bayne, C. J. Ultrastructural
characterization of leucocytes in the pronephros
of carp (Cyprinus carpio, L.). Dev. Comp.
Immunol. 11:125-137; 1987.

Permley, R. T. Mammals. In: Rowley, A. F;
Ratcliffe, N. A., eds. Vertebrate Blood Cells.
Cambridge: Cambridge University  Press;
1988:337-424.

Kessel, K. P. M. van; Verhoef, J. A view to a
kill: cytotoxic mechanisms of human poly-
morphonuclear leukocytes compared with
monocytes and natural killer cells. Pathobiology.
58:249-264; 1990.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

32

Herberman, R. B.; Reynolds, C. W.; Ortaldo, J.
R. Mechanism of cytotoxicity by natural killer
(NK) cells. Ann. Rev. Immunol. 4:651-680;
1986.

Henkart, P. A. Mechanism of lymphocyte-

mediated cytotoxicity. Ann. Rev. Immunol.
3:31-58; 1985.
Moretta, L.; Ciccone, E.; Mingar, M. C;

Biassoni, R.; Moretta, A. Human natural killer
cells: origin, clonality, specificity, and receptors.
Adv. Immunol. 55:341-380; 1994,

Yagiga, H.; Nakata, M.; Kawasaki, A.; Shinkai,
Y.; Okumura, K. Role of perforin in lympho-
cyte-mediated cytolysis. Adv. Immunol. 51:215—
242:1992,

Hayes, M. P.; Berrebi, G. A.; Henkart, P. A.
Induction of target cell DNA release by the
cytotoxic T lymphocyte granule protease
granzyme. A, J. Exp. Med. 170:933-946; 1989.
Lichtenstein, A. Mechanism of mammalian cell
lysis mediated by peptide defensins. J. Clin.
Invest. 88:93-100; 1991.

Szejda, P.; Parce, J. W.; Seeds, M. S.; Bass, D.
A. Flow cytometric quantitation of oxidative
product formation by polymorphonuclear
leukocytes during phagocytosis. J. Immunol.
133:3303-3307; 1984.

Clark, R. A.; Szot, S. The myeloperoxidase-
hydrogen peroxide-halide system as effector of
neutrophil-mediated tumor cell cytotoxicity. J.
Immunol. 126:1295-1301; 1981.

Dallegri, F.; Frumento, G.; Patrone, F. Mechan-
isms of tumor cell destruction by PMA-activated
human neutrophils. Immunology 48:273-279;
1983.

Weiss, S. J.; Slivka, A. Monocyte and granulo-
cyte-mediated tumor cell destruction. I. Clin.
Invest. 69:255-262; 1982.

Bielek, E. Developmental stages and localization
of peroxidatic activity in the leucocytes of three
teleost species (Cyprinus carpio L.; Tinca tinca
L.; Salmo gairdneri Richardson). Cell Tissue
Res. 220:163-180; 1981.

Bayne, C. J. Pronephric leucocytes of Cyprinus
carpio: isolation, separation and characteriza-
tion. Vet. Immunol. Immunopathol. 12:141-151;
1986.



F2H XrTTBIOTRAY b~ X RO EERE

“Spontaneous cytotoxic activity of neutrophilic granulocytes

in ginbuna crucian carp and channel catfish.

Kurata, O., Hasegawa, S., Okamoto, N., Nakanishi, T: and Ikeda, Y.

Fish Pathology, 31 (1), 51-52,.1996.

33



As in mammals fish neutrophilic granulocytes fnigrate more quickly than macrophages
during the acute phase of inflammation", and phagocytose microorganisms®. Recent
research demonstrated that neutrophilic granﬁiocytes from common carp Cyprinus carpio
showed spontaneous cytotoxic activity against human leukemic cells as well as phagocytic

activity®. This capability of carp neutrophilic granulocytes is interesting to fish defense
mechanisms. Therefore, it is necessary to examine spontaneous cytotoxic activity of
neutrophilic granulocytes in other fish species‘.

In this study, spontaneous cytotoxic activity of neutrophilic granulocytes in ginbuna
crucian carp Carassius auratus langsdorfii and channel catfish Ictalurus punctatus were
investigated, by using common carp as control. Four ginbuna crucian carp (weighing 80-
95g) obtained from National Research Institute of Aquaculture, four channel catfish
(weighing 150-300g) from a private farm and four common carp (weighing 130-180g) from
Yoshida Research and Experimental Station of Tokyo University of Fisheries were kept in
40 liter tanks with running water at temperature of 25 1°C. Fish were fed to satiation
twice a day with commercial pellet. Neutrophilic granulocytes were used as effector cells
for cytotoxicity assay. Neutrophilic granulocytes were separated from the head kidney on
discontinuous density gradients of Percoll (Pharmacia, Sweden) according to the method
previously described™®. The head kidney cells were applied to the discontinuous density
gradients (1.065, 1.08 and 1.09 g/ml for ginbuna crucian carp and common carp, 1.065,
1.07 and 1.08 g/ml for catfish) and centrifugated at 4°C for 20 min‘ at 350 X g for ginbuna
crucian carp and common carp, and 300 X g for catfish. Neutrophilic granulocytes of
ginbuna crucian carp and common carp were in the interface of 1.08-1.09 g/ml and that of

catfish were in the interface of 1.07-1.08 g/ml. The effector cells were stained with Giemsa

and Sudan black B, and observed under light microscopy to identify the cell types. A *'Cr
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release assay was adopted to determine the cytotoxicity of the effector cells. K562 (human
chronic myelogenous leukemia) cells, which were often used for cytotoxicity assay of fish
leucocytes”, were used as target cells. The mixture of effector and °'Cr-labeled target cells
were incubated for 4 h at 25°C in 96 well microplates of round bottom (Corning Labs.
Inc.). After incubation, supernatants were harvested and the ’radioactivities were measured.
The percent cytotoxicity was calculated as pfevious described”.

Percentages of neutrophilic granulocytes in the effector cells of ginbuna crucian carp,
channel catfish and common carp were 85.5%, 86.3% and 95.0%, respectively, with others
comprised of mainly lymphocytes. Cytotoxicities of neutrophilic granulocytes from three
species were shown in Fig. 1. In ginbuna crucian carp, effector cells composed of
neutrophilic granulocytes showed cytotoxicity against K562 target cells (approximately
64% at an E:T ratio of 50:1), while Iymphocyfe-rich fraction (1.07-1.08 g/ml including
73.9% lymphocytes) expressed low cytotoxicity (approximately 15 % at an E:T ratio of
50:1). This result indicated that neutrophilic granulocytes of ginbuna crucian carp also
possess spontaneous cytotoxic activity as well as common carp. On the contrary, effector
cells filled with neutrophilic granulocytes (fraction of 1.07-1.08 g/ml) from channel catfish
showed extremely low or no cytotoxicity against K562 target cells. Lymphocytes fraction

(=1.065 g/ml) of catfish including nonspecific cytotoxic cells (NCC) which are defined as
small agranular lymphocytes showed cytotoxicity (data not sho@). These results suggest
the different cytotoxic activity of neutrophilic granulocytes among fish species.
Spontaneous cytotoxic activities of neutrophilic granulocytes still need to be investigated
with other target cells as well as other fish species for a better comprehension of this

activity in fish.
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Fig. 1. Cytotoxicity of effector cells from ginbuna
crucian carp (4A), channel catfish (B) and common
carp (@) against K562 target cells. Results are
expressed as mean=+SD of cytotoxicity from
individual experimental fish.
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Abstract

To assess cytotoxic activity of carp (Cyprinus carpio), head kidney leukocytes were examined
with special reference to the effects of rearing water temperature and of assay temperature. Leukocytes
as effector cells were separated from head kidney using Histopaque 1077 and cytotoxic activities were
measured by the release of *'Cr from target cells which were K562, human chronic myelogenous
leukemia cells. Cytotoxic activity of leukocytes from carp kept at higher temperature (25°C) was
lower at lower assay temperature (10°C) than at higher assay temperature (25°C). However, activity
from carp acclimated to low temperature (10°C) increased on 10°C assay and decreased on 25°C
assay. Cellular composition of effector cells changed in connection with the above phenomenon. In
carp acclimated to 10°C, small lymphocytes decreased while the others, e.g. large lymphocytes,
granulocytes and macrophages, increased. Accommodation of carp natural killer-like cells to envi-
ronmental temperatures may be regulated by changing the cellular composition of effector cells.

Keywords: Cyprinus carpio; Leukocytes; Natural killer activity; Temperature; Accommodation

1. Introduction

The immune response of fish which are poikilothermic is influenced by environmental
temperature. T-lymphocytes of fish are responsible for specific immunity by helping anti-
body production (Miller and Clem, 1984), reject transplantation (Hildemann, 1957),
respond to some mitogens (Clemetal., 1984), and possess specific cell-mediated cytotoxic
activity (Verlhac et al,, 1990). The functions are suppressed at low environmental temper-
atures. The killing activity of phagocytic cells is also suppressed at lower temperature, but
endocytosis is not (MacArthur and Fletcher, 1985). To prevent infection by pathogens at

*Corresponding author.
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low temperature, fish may have alternative mechanisms from cell functions suppressed at
those temperatures. In this study, the effect of low environmental temperature on natural
killer activity was investigated in carp ( Cyprinus carpio) and the significance of the natural
killer-like cells at low environmental temperature is discussed.

2. Materials and methods

Carp (Cyprinus carpio) of both sexes and weighing 100-300 g were used. Fish were
maintained in 40-liter tanks with running water at a temperature of 25°C over 2 weeks. To
study the effect of lower environmental temperature, {ish were acclimated to 10°C for 1, 7,
39 and 112 days. Fish were fed a commercial pelleted diet.

Cells prepared by gently pressing head kidney through 150-gauge mesh stainless-steel
sieves were suspended in 10 ml of RPMI-1640 without fetal bovine serum (FBS). The
cells were washed 2 times with RPMI-1640 without FBS at 800X g for 5 min at 4°C,
overlaid onto Histopaque 1077 (Sigma) and centrifuged at 450 X g for 40 min at 15°C.
Cells at the interface were collected as effector cells and washed with RPMI-1640 without
FBS. The effector cells were incubated in RPMI-1640 containing 10% FBS for 12 h at the
same temperature as the fish were reared.

Cytotoxicity of effector cells from experimental fish was measured by *'Cr release assay.
K562 (human chronic myelogenous leukemia) cells were used as a target for fish effector
cytotoxic cells. The *'Cr-labeled K562 target cell suspension (2% 10%/100 ul) was deliv-
ered to each well of 96-well round bottom tissue culture plate (Corning) in 100 wul.
Thereaflter, effector cells were added to several wells in 100 ul volumes at a 50: 1 ratio of
effector to target cells. The plates were incubated at 25°C or 10°C. After 4 h, radioactivity
of supernatants was measured using an automated gamma-counter (Shimazu Raw-300).
Radioactivities of supernatants of target cells without effector cells and of target cells
destroyed by adetergent (10% 7X, ICN Biomedicals) served as spontaneous and maximum
release controls, respectively.

Each value of the *' Crreleasc was a mean from triplicate wells and cytotoxicity percentage
was calculated as follows:

o (Test release) — (Spontaneous relcase)
Cytotoxicity %= ; X100
(Maximuimn release) — (Spontaneous release)

The Welch t-test was employed for analysing the data for differences of cytotoxicity between
25°C and 10°C assays.

The effector cells were stained with Giemsa and the proportion of leukocyte populations
in effector cells was determined by examining a total of 1000 cells in each specimen at
X 1000 magnification.

3. Results

Cytotoxicity of effector cells from carp kept at 25°C showed higher activity of
59.1413.4% (mean+s.d.) at 25°C assay temperature and lower activity of 28.34-9.7%
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Fig. 1. Cellular composition (upper panel) and difference in cytotoxicity between 25°C and 10°C assay (lower
panel) of effector cells of carp acclimated from 25°C to 10°C. These data were from 4 fish. Cellular composition:
Bl small lymphocyte; [3 large lymphocyte; O granulocyte; # macrophage. Differences in cytotoxicity: mean £ s.d.
calculated from the difference between 25°C and 10°C assays in individuals. Significantly different from day 0
after acclimation to 10°C: *P < 0.05, **P < (.01, ***P <0.001.

when assayed at 10°C. Effector cells from carp at lower environmental temperature (10°C)
lysed the target cells during assay at 10°C stronger, as the fish were kept longer at 10°C.
The cytotoxicity in fish acclimated to 10°C for 1 day did not differ when assayed at either
25°C or 10°C from that of fish reared at 25°C. The level of cytotoxicity using the 10°C assay
achieved the same as the 25°C assay after 7 days of acclimation and was higher than that
of the 25°C assay after 112 days. The activities of effector cells assayed at 25°C and 10°C
after 112 days of acclimation were 22.4 +25.5 and 45.2 4 25.0%, respectively, and was the
converse to those from fish kept at 25°C. The differences of cytotoxicity in assays performed
at 25°C and 10°C indicate that natural killer activity of carp accommodated to 10°C (Fig.
1).

The proportion of leukocytes in effector cell populations changed as fish were acclimated
to the lower environmental temperature (10°C) (Fig. 1). Large lymphocytes, granulocytes
and macrophages increased and small lymphocytes decreased in proportion, compared with
the population of effector cells from carp held at the higher temperature (25°C).

4, Discussion

In general, it is known that low temperature is suppressive to various immune responses
in fish (Avtalion, 1981). However, in carp, natural killer activity was not suppressed but
accommodated a lower environmental temperature. The natural killer activity adjusted to
function better at 10°C as carp acclimated to 10°C. The proportion of leukocytes in effector
cells changed as fish were kept longer at 10°C. ‘At least two kinds of morphologically
identified cells in carp leukocyte populations have cytotoxicity against K562 target cells
(data not shown). These results suggest that accommodation of carp natural killer-like cells
to environmental temperatures is regulated by changes in the composition of effector cells.
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The system of carp natural killer activity is specific to poikilothermic animals and the
defense mechanism may be important as an alternative function to other immune responses
that are suppressed by low temperature.
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ABRERGY CTHAOIC, TOABBRITRERE LSRR LTV,
FIERBHIFN Tl ZHE T, ARBEENIZIT D {EARE T, fIEOME
BEITHI SN D Z EAURENTE = (Bly & Clem, 1992), HFCHHMBELREIC KT
EKIE DB Z B4 2981325 < (Avtalion, 1981), 10°C & W HEKIBETTIL, =A@
FLAPEARIZBRZ ICIHI & D 2 &M E 53T B (Avtalion, 1969; Rijkers er al.,
1980), {KIRIZ X DU FEAGEOIHIT, ~ S —THROBEET AR TH 5 &
ZZ 5TV D Miller & Clem, 1984), ~/L2S—THIFIDIAMZ . M E T O
EZHELRE T CIEH S D Z EBRM STV B (Verlhac er al., 1990), F 7=, THIIA
iZv s a7 7 —UIEHERT-MAR Z FEAT H EE 2 3L TE Y (Graham &
Secombes, 1990), Z DEEARE ©ARIE T THIH| &N 5 (Hardie ef al, 1994), Z D& H i,
AT EICTHAENERE ICES M %2 7R L(Clem er al., 1984; Miller et al., 1986), THA
faZz e T 5RERITEE T TIRIMH SN Z EPRENTNSE, —FH, &KED
WFICIL. RO E R L UREE(Collazos er al,, 1994), <7 17 7 — Y DMAFE
ZM(Hardie er al, 1994), = LTI F = 7 /0% 7 —FEAIEIZ & 2 M EFE(Kurata er
al, 1995a) NERIEIEEIZIEIG T2 2 2N LTS, b0z &k, KIET
OFIEAEKBEENC I B RGBS OEEM LR T O TH D, R
HED— i 489 JF BRI, TS IO % — M TR B & L TRETH S
(Suzuki & Tida, 1992), HFHFERNERAEL T TR MAESELAETIZ ENa AL
BT 69072 o F (Kurata et al., 1995b), Z OEBRIEWERE NG, FHEROEKR
BB DEE A A% S DICEER T D RERH D, AW, MIBEGEREE R
DA &?Wiﬁ@%iﬁ?ﬁ/@\@ﬁm:ov\ﬂﬁéﬁ“é 79Iz, 25°C(2 1 OPLEEAID
B 2 EIEIREE, Avtalion, 1981)38 L ONM0°C(= A OHUERFEA Z <3 2 IEE; Avtalion,
1981) D2 o DRE R, MERE. MEHME L OMaEERBRIRE D3> DR
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1.065, 1.075(25CHilE =2 A éil.OS)idot(f].meot D 70 B AEGE AN LICEHE L
350X g, 4°C. 200 M DELSEERIT o7, BOSEEC &0 9P ERITEREL.075-
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1.0943Ej(25°CHH = A &11.08—1.09%@)k;%$§ L7ce Bz i ekid iAot
HIRE CRIMEAMEE 21T o 72, BRBICHOWFFERIZAEERRIS %L ETh o7
(FU T N—% BT BERPERRRIZ L D),

e 5 AR

FEHIHRIA L 13K 562 a(human chronic myelogenous leukemia cells) % AV 7z, FAAES
I IS CrilfBEIEIZ K V1T 577, KS62fIAD T 1 Y b — P EERkIE1.2MBqD
Na,”’CrO,(NEN)Z W T, 37°C. 15BDOFRETIT o7z, T 0%, EHHMEOMmE
Ber 3 [EIFTO . 2 X 10°cells/m I DB\ ZEEMMIE 2 I L2, 96-wellUE~ A 7 0’
L— b & W, IwelllZk U THEERAR IS 0EE100 1 /(2 X 10%cells) & AL, =7 = 7
& — MR TP ERSY B & EERORRIE D LSR8 10: 1172 D £ D 1T, 2 X 10%ells/mIDPEIT
P I N T =7 X — IR 100 L I2 X 10%cells) M Z 7z, =7/ 7 L—h
1L, 25 CEILICCTRERA U F 2 _X— F LTz, 4 FaX— 1 E, BE)EIHER
VAT A(Skatron)iZ T EJEZEUL L, vy # 7 > H —(Cobura II: Packard Instrument
Co., Tnc.) © kI OBEBERATREZ T L7 (RESIFRERE), =7 =2 7 —fIanHkb 0 I
BEM B N 2 72 X 0 138 OWERE T RE & B AREREME. ¥EH1(10% 7X, ICN Biomedicals) %
HN Z BAHIAO I R AORRRD 2 VAR U7 K R B IR & L, MBS EIE (%) 2 LT
DEERIC LY kb, |

RERGEEEE — B 2Rl E
RS ETEMEE (%) = X 100

R — [ AR
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B E AR A~ OIS EVEMEONERGE 2 50 2 72 012, NEISFEHE (accommodation
index; AD)Z W o, NEISHEAREIZLAT Oz L0 #Envz,

B FEEEAE (AL =
S COEERBRTELNHEMME — 10°COEERB TE LN L EME

NESSFRAZME A/ N S < L2 BIE E (v A T AF ST IF L), MaEEE ML
10°CIZNEIS Uizt o &5 L7z,

ARSI 2 EA Lz, =7 =7 ¥ —HilE(2 X 10°cells) & K562
(2X10°cells) & 200 p IDEEHF TEA L, 25CELITI0CCTIREHE A o F == | Lz,
A VFa_— Mg MREETROICEHEE L, AR ER Ui, EAROLREIZIR
FLYPR@E Iz, R ERITBER Lo HERIRGooMIIa Ll HEIZ) D, K562
JZHES LTV DI RERE OIS TRz, |

FRE M LBk D42

KRB ORI DWW TEBERERZER L, EAORGIZIZIRAF T Ty
JBYAR L O LY@ B, EBEMERE YD oSEk, ek, aFHEEERE &
Vwrm77— 4580, ERICBITAEMEROLEESEH L,

S

IR D ME S ETEME O XS

BCEICI0CTHIEEZED 24 LV SEES N FPEROMIAEEEE 2RI TT,
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25°C T30 HHIEH S 7z 2 A OEFFERIL, 25°CE L T10°C T DML ERBIZ 50
TR BT ER Ui, 2o0RIE T TOEERR TR Dk IS K 5 &
mt@%%ﬁ%?%EMK%ﬁﬁ@wt@%%ﬁﬁfﬁEﬂt%%ﬁiD%%@%
RLTz, Fo, ZOEMIZICCHIE4 B %O a4 OFHERTHEEO bivz, 10°CHIEL
4B L U8B %O a4 OB, 25CE L VI0COEERRICE WV TIHIER L
SV DIEMEE R Lz, 10CHIE48 BB LU77B %O a4 OFFERIE, 25°CHRE =
A TR LN LI, 10COEERB TH O EMHEN25CTHONE
JEMEE LD bEfEE R L7z, 10CT48 AT R, 25CIzhIzk L., £D7TH% D=4
DEFRERIE, 25 COEERR T LN IFE R 10°C OB ERER T1F b 7 iE L
FVLEMEERL, 25CTI0RMEE Linh o L RERRER TH -T2, T2, 25T
Bl E14 0 % 6 BRI ThH > 7,

NEFSHRARAE L =2 A D10C~DEIEHIM B E L 2 DIV~ A T AF BT Lz
2. 10°CEIE Uiz = o 2 B2 CIZBIET 2 SNSRI Rl 7 20
MUZEE U7 (K 1),

I 5 3 % EAO I A IR O RIS

25CHR L VN0CHIEZ O = A L0 53R STz iF R ER ORI FE & R &2 F 2R,
25°CTC30H AT SN/c 24 OLFHERIEL, 10°COFEEFBR & ik L C25C oA
ﬁﬁmmﬁmmﬁbfﬁwﬁé%%%bﬁoMﬂﬂ@@ﬁ%b:4®ﬁ¢%@%%ﬁ
oA &R EmER LR, 10°C~OBIEEAM 2314 B UL LD =2 A DiFdEkiE,

VCOREERRELE L TIOCORERR TEWEEGELZ/R L, 10°CT48A M
%, 25CIZHIE L, TOTHED 2 A OFTEHIL, 25CORERRTELNTEE
ERCOFERRTHONIFEELY bHEEZRL, 25CTI0ORMEAT L

O L RRRER Tholz, £, 25 CHIEI4AE S REOEE TH - /7,
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SR | & SIS LBk DR DB
25CE LN0CHIEZ O o A FHEICBIT 2 7 A4 79 A M ERER L 2 312777,

25SCHIEBORZD 2 A OEEBFICR 6N DB MEROELERIT, U 1 BRKI60% % &
B %< WO TEFRERAKI30% % HH T\, 10CHIKI4B B LU A% TS,
ZOMEEIERRD bivlz, 10°CHIBU8 H B L UT7HZIZIL, U v BRE D S AFEk
DOFEN 2, FEPITEET 4 PEROLERITS0% LA EIZE Lz, 10°CT48 HF
fBE%, 25CIZBIE L, ZDOTREO =2 A BHBIZIE, 10CT48 AL LfaF s =
A L FIBR, FHRERDS0% L LOETHEELE, 2, 25CHIEI4HH O 2 HHE

Tk, FPEREEOETHEMmNERD b, BiEkes H#ZQR)ICIE, FPEREEERD37.5%

Llrolz,

I
bk

O A GFREROFF DR 2 HERE T 2 MM FEEICIE R LT o AR RIX
F OB SBERIEIIEST5 2 & 2T B0 Lin, = OO RIS AR
TCLVEREEEETLSLIICRDIAICD YRS CELIZICCTHE SN2 A DIF
¢%ﬁ%@ﬁﬁmWT@EEKﬁTiU%V%@@%%ﬁk:@:k%ﬁﬁf%k

WO NS HRIC L D . 2 OFBITAMIO RSN, 25°CT30R HfE S
Nz aA FPEROIEIGIEEIL T 7 AETHY . ZOZ LIIHEBFEECTCHD25CFT
FOBREEZRELTVWD Z & &2mT, 10CHIEYRHO A FHERE, 25CRE A
CRRRIZIBIGTERRIL 7 5 AETH 24, £ OMEIE25CHEE 2 1 1ZH~MEL 2D .
10C~DNEIGBIEE > TNDZ EER LTS, 10°C~DOHIEN 148 28T 5 &
NESSHEE IR0 EIZ 722 ) . 10°COBERR TE O LD IEHEEIF2SCOH O & AZEDOIE
MEZRT LD D, E6I2, BIBIMZEILS 2 & CIEISHEEIZ~ 1 7 AHEIC
Y FEBETCLVBEEZRET IR Z ENbholz, Fiz, 10°C¢48
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BREEE) D H25CIEBAT L TRE Lz 2 A IFRERONER ST 79 A EEZRT LD
[Z72 0 ZOREIESHIZAE TH S Z & bRz, aABAETH 5 Tinca
lincaDBHIER D A — /=% 3 K5 DR O FARES £ U7 A ) 51+ KRR
B LK FE 0 )PEARITIRIRIZNEIS 32 Z & 2351 51TV 5 (Collazos et al., 1994;
Dexiang & Ainsworth, 1991), =4 SFPEkI, H,0, % BT 5 2 & 12 L 0 0NN
BETDHZEIRENTEY (Kurata ef al., 1995b), &%, oA GFHERIC L A{EERE
OIRE T HMEIGCB T AH,0,EAEROB S 2SI T ANEND D,

HRIEE EPEAR AR K 2 AERMIE~ O A T E EB RIS B T SO s & L
THFETH 5 (Herberman et al, 1986), = AFHRERIT L 2 FEPOMIIAEE OB, LA
BI~DFERITVETH A Z ERR SN TV A (Kurata et al., 1995b), AREERIZIWT,
IOFEERBIREIZNEST A2 Z LN LN -7z, 25°C T30 FISE Shima A
DIFFERIE, 10°CORBR T T2 CORB T Db O & e TREGRITED - 7283,
10°CHIE14 B UED BAFHFEROFRE G RIT2SCTORR L LT, MFRETHH10C
DERBT TRV EWEZ R L, £72, 100CU8HBFEE) 2625 CIZBIT L TEH L
loaA PO AEFIL, 25CORR T CL Y EVWEEZF L, MAEERE L RED
A58 bhc, ZOMEREOIENIEGERONES & BEOEIEE R L2 &b
5. HFHERIC L AEAHEEOEE~DIERIZIBW T, EAREONEE & B/ E
RThHdHEEZBND,

:4@E%@Kﬁ&#é%¢&@%%@m%«@mﬁmfofhﬁb\ﬁw%@
THETHZETET L, £, ZOREROEEIT @D L O Tt < £
CE b, BEHREOEIC L A TEE O @ 0RO LR O EEIT T A
Uﬁ%vfmﬁmf%%@Em\ﬁﬁuﬂnmwﬁpt7xﬁw+vfﬁ%®amw
RO EIT, TEEIUBY U REILE T L, RS RT3 Ha%E@R0 T
% (Ainsworth ef al., 1991a), Z DHROECDOMEMIL, AEROFER B L Tn5,
EDL I RA D= AL THMIEKBAAREOENETE2ONIRETHIN, b
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HEDRA N A EZTTRAICBODTHELOELIZFED 53TV (Elisaesser &

Clem, 1986; Bly et al, 1990), ZDORK & LTl a/LF/ WBED EHABRET 6N
T2 (Ainsworth et al., 1991b), ?EIEUE{HDH&M&W:OEZJX U A =L
NVREZ ER X2 2 ENMBITE Y (Barton & Peter, 1982). AKEBRD A 1321
BOARLAZE T, FHREBOEEN S EEHI SN THLREEERSH D, L
LIS AEBREREA P AL VFEINLHROER L TR 52008
BRI B E R U, DARBIZ L PR EOE(LITESIMICBE SN, 2)FE
Q25 CY HARIRQ0 CHT I IHEIE S SRS B Ui CR A D P ER R DI
LAR L72(25—10CHIE = A AT P ER LR B8 10—25°CHBIEk = o A7 Bk b S (%
T)o A b LAITE D E MR LR OB, SHEIZR bR, o REkL
D EF L BE RO, AR TR UZFEMITZ0RTA N VARS LI
RESRRD, 1E>T, KRBT DHPEROLEBOLERIL, BRH A N AKX
JE(A R VR F v ER SRR ER)IC Lo T EEZ &b o Tt

<. BEREIZATAAORCEEL RT b0 LEL TN D, CIREIZE B
FERILEOEAN LD L S REE THE SN DN EMRAT HINERS B,

TAlfR 2 0 & L7z B R MR T T S 5 ¢, IRE~DIESHEE A
TOHPEROFEL, REIMTHLIBIIC L > THERICEETH S, -, (K
TOaA DEBIZBOTHFERLED R Le 2 &3, REIZHT BR800 £ 45
HEEE A B 2 5 - CHIRE m%%f%éoﬁmam&®%ﬁ%ﬁmfé Eid, B
%ﬁﬁﬁbt%ﬁ?ﬁw#@ﬁmm%ﬁﬂ%fﬁéoL#L@ﬂE\%CMﬁ34
E10CHIBE = A DT, FAEDHBOY A X REBRERN DN T & 2 BIERER
IZROHTRY A= A FMORE ADKICREREHITZN OO LB TN 2,
o T, REZIZHEONEMEROLREENED SN ARAEPFRER» O, AITER
TORBERETCLVHET 2 MR A ENMICHFESE D X0 e EELRE
LT 5 0TI & HEEE LTz, |
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£1.25CHBTAMDI0CHIHKEBLUIOCEHHIAD
25 CHBINERORBIEEEME"

. EERREE
fEEE £75 HARd
25°C 10°C
25°C 30H 55.1+5.2 16.2+13.3**
10°C 4R ~ 78.2+1.2 53.7%8.8
148 . 60.8+£24.3 60.8%+12.7
28H 32.5+40.1 31.5+21.8

14.6+21.2 33.7+16.2
19.7+20.7 59.24+9.5*

25C 78 58.2+36.0 1.0+£0.5"
148 - 81.7+5.0  25.6+23.1°"

*HEJAEDBRSE EHE (%) OFBELZEERFETEKD
EhTWh3,
H2STCHBOEHELLER LU TEERENHS
(Student's t-test, p<0.05),
—> (. COHICIOCHIKIA Z25CICBAIELE
_EERT,
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2. 25CHEIAADIOCHIEEELNI0OCEHIALD
25 CHEIBBOENEIEaE™

) EERREE
HEEE ST
25°C 10°C
.esc 308 13.8+23 56409
10°C 48 10.4%3.5 6.7+1.9
14H 11.94+3.1 14.1+2.3
28H 5.9+2.9 7.7+3.7
;f———-488 8.1+6.7 20.5+11.1
25°C 78 - 10.8+3.7 1.8+1.2
14H 10.2+4.6 8.6+5.2

EIZ4BDEMBREESE (%) OFEELELFEETED
EhTW3B, »
—> (3. TOBRICTOCEEKIA £25CICHBIHLAEC
EERT, |
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+£3. 25CHBAADI10CEIBEBLP10CHIEI A D25 CTHENIFKED

BEE P MERODE AL
_ H MBS AR LE (96)
FEERE HEHME : ‘

UNER BFARER FIERK woour—
25°C 30H 63.8+4.0 30.8+5.0 2.6+£2.2 3.3£1.7
10°C 14H 60.0+16.5 28.7+9.6 5.0%+3.5 6.3+4.5

28H 65.3+3.0  28.3+2.1 3.3+1.2 3.0+1.7

30.5+8.3  55.8+7.47 3.5+2.6 10.3+4.3
46.2+12.9 50.4+12.0°% 2.5+2.2 0.9+0.2

25%C /7H 36.8+£9.0 = 53.8+9.0" 4.5%+2.6 5.0+3.6
14H 45.3x17.0 43.3+£20.1 5.5%3.3 6.0+1.4
63H 58.5 37.5 3.0 1.0

MEFAEDBROFEHELFEEFETRDEINTNS, =720, 25CHEIEG63B&IT
CERDIEHETH S,
25 CEHB3IORBDFHRERLLER L LR U THEREMARENH S (Student's t-test,
p<0.05). |
—> (3. COBHICTIOCEIZRIA #25CICHBEBLEEETRT,

59



+40- @

VB e S
o

.

B — K | |
04 14 28 48 Va4
10°CHIZER (B%)
T T T
7 14
25°CHIEHAR (A%

1. 25CHABEIADI0CHIERZR(@)B XU 0CHEIE
a4 D25°CHMNERE(C])DIFREROMIESEREDIERS
BEE. BRI4AEQDEREESEEHENISBONLIBIS
BEEOFHLEERFETRINTWS, OBDERIL
30HR. 25CTHRBEIN/Z24MDHDTH 5,
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=
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F1ED oA JEIEPRTEL P ERIC R RIS RBLT DU &
Wikt o€/ 7 n—FhUE
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oA FHERIZXTTBHE ) 7 v —F AHEmAL) ZFR U7z, 4-2DmAb (50H10,
mmﬁﬁimmnﬁ@ﬁéﬂto%?ﬁwmﬂm%mbkﬁﬁwﬁiﬁwﬁmié
BE) B, mAb SOHL0IZAFFERLSL O B ERIC & 222 RS %R L7203, mAb 61C53
L OSTRSITIF P BRI RIS T 5 2 & 27 T2, mAb 81F11ZFR<3-2MDmAbIE,
Ta—H A R A—F—(FCMIZ LY . MG EOFRICRIGT 5 2 & DR S iz,
FEE ., ANl L ONEIENIEE L P ERIZ R 2 B mAbD FISEITFFCMIS & TEIA &
% B MSE AT K o TR B, FCMOWTIZ LD . mAb 61C53 £ USTFSHE
9 oM L oA FURIIEERRBA P ERICB O TRERIAL B LT DL 2

& DRERR STz, BIAWD £ 5 MBS BEIL, mAb 81IF1IAREIEPR At ER D
FARNPURICRF RN RIS T 5 2 L 2R 0Tz, BIENERBEFFERICEBWNT, FEHL~
IO IaRE _ EOFESLH 2 IC 5B LT DMBMNTUEIL, P EROBEERE
KHEETAENFTHDEILERBELTND,

63



BE, £/ 70— HEmAb)IE, DR SHE. 2)0b34E. HEEL LW

HEENEEE L O, BRa RBTREIICH LTEZIRER &> T2, AELST
WEBWTYH, 7TAV I T<X, a4 BLR=UvAEOHMKEZITRET a7l

5 HmAbAER S L, mAb 2RI LR SR BB & 51272 -
77 (Secombes er al., 1983; Miller ef al., 1987; Van-Diepen et al., 1991; Koumans-van
Diepen ef al,, 1994a, 19954, 1995b; Slierendrecht ef al., 1995: Yoshida ef al, 1995), mAb
DRIFIEL. 1) A kLA Lo THRANCTHE S5 (R ERBE O IFTEBLY e al.,
1990). 2) HiREA ML D 5 4E (Koumans-van Dippen ef al., 1994b). 3) nonspecific
cytotoxic cell D HIIEFE Wé?"&—@ﬁ“ E(Bvans ef al., 1988), 4) (TR U o/ #5%

BT B S HAE o 4347 (Rombout ef al., 1993)72@& B4 72 FSRIC B W TR & 260
TW5D, AP CITaA FPERIZRT T 2mAb DRI 2 AT, 3 A FHEkid, g1
P51 D 5 — R CIEHET A B #HIFIIE T Y (Suzuki and Tida, 1992), €K HILTVVZE
A BE(Ainsworth, 1992121 % T, MUEEREZH T 5 2 & B35t DAL TH 522
725 T D (Kurata ef al,, 1995), LALBIEETODE Z A, I A FFERIZRFRAIIZK
o omAbBAERL | FNEFH L& IR AT 6720, LA EEEE H T
D A G RERO AR BT DR ENIREIIRE | mAbDIERNT = A 4FhERD
HERER L OVEFNEIRELY LV EHEFT 220 NATH 5, R TIX, JEIEAN
R ER & BRI L USRS M P ER & O Ll b | B PERICB W TIEE L
VBT HURZ 38T D mAbDERIZ ATz,
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Mkt L Ok

Hhats

IR E100-300g0 7 A ZAEBRICHA Lz, FERAITODKEIINE L, AR
25H1C, POKRCEIE Lic, SIEMET, ERAICHTIROSE &1 H2E,
5 %7,

e D 5y e
YT HpER 0 5y B I Percoll(Pharmacia, Sweden) % I\ 7= AR5 55 B )i Do B 12
UHRE 3 L ORI H A TEW 0B L 7= (Kurata er al., 1995), SHBHIIEEAIZ
RSN, AT UL AR Y Y a (1504 v Y ) B BT AmMEIEAZE S R U Y A
AmMM L-Z /v H 22 100H/mN= U B I ON0ug/mlA LT hva 024
TPRPMI-164035HI(= v A A ) T8l L, MfEEERE2ER L7z, BEmE X ~o3
VA ESNIZY ) O W TR Z B U7z, BB S U7z Mg 2w Do B L
(800X g, 4°C. 547/, BMEKBE T L7z, FERR L OSKMEM X v £l Lz g ilnEk
. WHE1.065, 1.08F L0903 L v 72 A Rl B AR RIlcE = L. 350 Xg.
4°C. 2053 WO TBERAT - 7o, w0 BEC &0 AF BRI L 1.08-1.09 50 [ | 2 424
L7z, RIBAPEREGSTCOIT, 1%HRTF 2 0.8%NaClEE LT H 2 —2(0.8%)
F 1 mlZEERNIZEA L, BEAICHWET e —Xik, ZifLIRRIBIZ L0
FERICHEEL, VI UMLREEND & :}f%mﬁé‘#ﬁ?@%@%ﬁiﬂ% L7
VE A4S 4 T BRER CEAL LT 7 A — 2B MO L, AF L AA Y va
ERWTT e — AR LT 2 #Blid 2 Hanks balanced salt solution |Z#HfE & &
7o, M EZEOGREPEENTHD 2 & %%7\“/5"“/‘7“'7 > 7 BRLEIZ LY e
A L7=(H1),
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T/ 7 a—F VHUED IR |
77%%@%WMHM%VWXK\wﬁﬁbﬁﬁhiwﬁgﬂgﬁﬁbkﬁWW%
H1.08-1.094 BEHRASYEI2 X 107 /R 2 | 3@ 3 X IR RIEEN 4 2 Z & THhE
L7z, B#&BEITHMEA O3 ARNIITo 72, kS~ y 2 L0 BiEEFHH L,
AFUUAR v 2k O THIAEEE & L0105 s, MIgma i, el
T2 JBAIAE & P3X63-Ag8-U1(P3UL)~ U A X =1 — <tk & 5: 1 (I A P3 U THHAEER)
DEETES L, Y xF L J Y a—/11 540(Wako Pure Chemical Industries,
1jmmiofﬁokOM%@é%\A{79P~v%%wqmwwmmﬁﬂb\%
(2T — B HABA AR D ddY B 7 A R S 0 I RRHIAE) 2 BV V2 (5 X 10°cells/well)
6well i~ A 727 L— MI, 10017250 Lz, B&REMHAT-GIT)IZ
IX10*MERF T F U H). 4X10MT 2/ 77U (A)BLOLE6X10°MT TV
(T)% & e GITHES #i(Wako Pure Chemical Industries, LTD) % i\ 7z, /~NA 7 U R——<§
FLEOR I ) —= U T EBERTUSERS L O T — A N A= —EHTfTo 7z,
BRI LA R AT DA T ) K=~ a—= ZERRAEREIC L v 2
iToTe, 7 —=2 702137 4 —F —flilaz B (LR, Bz iiaT-
GITAX10'MERF Y F B IU1.6X10°MF 2 VU R ETeGITE )2 48 Lz,
BRI L7ze ) 7 a—TAiiED s ZABIOY 77 Z AOWREILIFZTIRE )
a—FHUET AV F A ¥ % R (Amersham) & f# L7z,

WEFEMEEE DO D OBEETISE
BEB S, RIS X OPEENEEEIC W T, B D ER TSR SR 5 (SC-2:

Tomy Seiko Co., LTD.) % AV EBHIEA £ /EE Lz, EAIZI0%A~ ) Va2 ET A ¥
J— L TEE LT, ZRBOKSIE, TEY Y « EFF AT A(ABCIEIT LY
o7, HESHIEZAIEARIL, 0.1% Y Vil 7 /v 7 I 2 (BSAYE L UM0.1%NaN, %

Bl AR E/AEAEK(PBS-BSA) TV Ry ¥/ (El, 100H)ETo &,
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A7) R—<ifsd b L 1RH, Z=iE, Bl o S, RISTHE, BEAZPBS TS
E¥EH L7z, Bl&kex . PBS-BSATIOORS AR S dLizfi~ U RgG Y 7 F U IEFkLE
(¥ X3, Bio Source International, Inc.-Tago Prodocts) & 1K, IR, @M TG
i, MUGE. EEARZPBS T3EIEH L7, SEHIIaYtEIXABC-7 /A0 Y 7 4 X
7y X —PYEF v F(Vector Lab. Inc)IZ L DV ITo70, BREIZT L TREEE LT,
AR ALY P BB T CEE L, ﬁ?#ﬁ‘?&é@fﬁ%%%[zﬁu L7c. 23, MFHEIER
D43 ¥E 1T Suzuki(1986) 12 %E - 72, ZIKE}F%ET@\ ISR BT 295 L 9 e lF
MEEREBET A LITTE ehot,

78— A N A—=F—(FCMIZ X D058

FAE R L ORI 6 P EE AR 10 BRI L 72 4 R BR (L 1.08-1.09 43 HHEAR)
B L ORI R 2 A RERIC A Uiz, MIBE( X 10%ells) & /~A 7Y R—< 53
¥ (mAb S0H101F300/5 A7 IR, A EEAIR) & ok L CIiefBUG S8 70, RIS,
PBS-BSA T2lEl#IAAYE#(800 X g, 53], 4C)&AT o7z, VufF S 7oMildid. PBS-
BSATI00fEAR SNz~ v AlgG FITCAEF PRy ¥ H 3K, Bio Source
International, Inc. Tago Prodocts) & K L CIRFEIEUG &8z, FUSHE . MM E24Tv .
FHNEL I BE % 92 X 10°cells/m/IZPBS-BSA TRl L 72, FCM(EPICS XL: Coulter Co )i,
AR B L7 A DRRREFITC D 8 R AL 2 F N D 72 I Sz, R 488nm,
HAISmWDZERT LA =P —Z A L, BB OFEIHESRMTIT o7, /7
BELL(FS) 38 L MR #ELYE(SSLog) i & A 4347 T & 4 2 FERIER 43 Hi(Verburg-van

Kemenade et ol,, 1994)(K2)O#fa(10 ez xIgiz L, 7 — & 257,
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S

€ /7 a—F P (mAD)

4FEDOmAb(50H10, 61C5, 57F5, 81F1 ) A 3L L7 (K1), 77 7 A1, mAb
S50H1043gG3. mAb 61C5, mAb 57F53 L U'mAb 81F113gG1 Toh - 7=, HIMERIZ%S
EREERBIImAD SOHI0D A TREWH b, T OERE /32 BT R B L T2564%
ot FCM T OB O e %55 <728, HLi(mAb 50H10)IE3004% I F IR #
FH L7,

BE R PLIRIE & I\ 2 LS e o & SR
mAb S0H10{Z, HHEF., £ L OREIENEEMBWCTIck Ty, £fEAm
SRUFRER. U 2 SER. w2 0T 7 — Uk L ORI BSE % R L7 (3),

mAb 61C5B L UmAb STFSIL, ¥AE ., KMk L OREEN MM T2 T
b, HFPERICOBLOMEZ R L, oo [ fLER & OAZZEMITFE O b iah - 724,
5). mAb 81F11¢k, HHAE B L OSKMEM O BMERIZX U IS HEE R S 220y, fighse
PRI 3T DRI OB RISHEZE R L, o HMER & O 2EMTE80 S
12722 72(K6)s 6D AAINZDNWTENEINRE L2, Wb FEORREZRL
7o

FCMIZ £ B 50 #r

AR ML, R L USSR TITEESBE SN2k ThH D, &
T NEIE R TERIER ORI TT%MFRIRTH D Z &2 6 FCMIZ X 2 20 rkE ik
EROFHE A R T, mAb S0H10, 61C53 L OSTRSHMERMISIZFCMO ST & Y i &
M7z, mAb SOHIOBGMEAT I ERIZ 31T Db MEL I, SR AFRER, RH M P ERE &
OMENER R AT P ERIT e L CRBROMEZ R L72(B7), mAb 61CSHEIFHERIZ BT 5
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SORMEEIE, TRRAT RERES £ OSRAYMLAT P ER CIIRIBEO A R Lo A%, Eleraigim
FHEROBHBE & 2 b7 T A0 — 7 [ZEAR R L O MAFFERIC L~ TR
BNZRAT L72(X8), mAb 571:55%'?9&:&%{?%:}567‘Zﬁﬁ%%’ﬁ@i\ mAb 61C5DFER &
[FAEICENEPNIE A P ER OB EME B X 7T AO V' — 7 [XERR B L OSKHE f 4+
BRIZ Ee A~ TR e i 47T L72(X9), mAb 57F5Bﬁliﬁﬁﬂ CNTRIE LT P ER O H e SR 1T
mAb 6 1CSHEIENENEPN BT P RO & O LV 5REEMTH - 7c, mAb 8IF11IE, BAFE,
FAE M3 & OPEIENRE G HEROWT K L ThRICEEZ RS R o7z, 3D =
LZDNTENERE LS, WIFR S REORREET L,

# 5%

MME G E TR ZDHRIEICX LT, FPERiE~ 7 v 7 7 — D07 - TRIER
AHCEE L. BARYOPERICSH =5 2 EDE 53TV B(Suzuki and Tida, 1992), =
OIBFRZ., BT ST BRI, RIAEIZ X ARSI K - Tl iz ik
HEN, RIERFTNCIEET 26D L5 2 6TV 5H(Suzuki and Tida, 1992), RIERAT
TROILDUFFERIL, EEHR(working) REETH D L O LRI, ZOZ &ITE
BIFRERO 7Y a—F U EBNREWI 0D b &5 (Park and Wakabayashi,
1990), AMF9EIE, BHE. Rl L OEERNEEOS TR T 24Pk ES
S BT A —ADEAZ L > THESNWFEDNRRETH L L Bb bz
IR eI R RO FURE DB Z R D T,

AWHGE THFHERIZ T 54D OmAbHUE MBS 4172, mAb S0H10, 61C58 LV
STFSIZ. FCMDOAHTIZ & 0 IBHEAaA R sl 2 &b, Mk Eofuf 238
BT DPUE L UTRITE S 7o, mADb SOHL10IX Y 38k 72 Ezﬁbcézﬂﬂﬂ‘w&m%ﬁmﬁ
Tl HIFH AR G RUSHE R R Uiz, ORISR, BAR, Rigifds L OMErERNE
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MO NT BN THED b7z, FCMOOHTIZIBVT, mAb 50H1 08 EMA
OEGCIRAE L, HE . RELDE L OERENEBETREROWTR b RS EE R L,
DI &EIE. mAb SOHIOA R DRI LOFURDIEBL L~ /UK BT 5
IFHPERMTEN 2N L 2R LTV D, mAb 61C5F L OSTRSIE, BER. KisMmBs &
UNERENIZ A PERICEUG L, oo FAMER & DAZZEMITE S B2 o 72, mAb

61C5E L USTFS & VW IZECM AT OFERIL, IRIENE B PERO#EERE L 2 7
TZLADE =7 PHEEBLIORMEMLO b O & L THRESRMIIBITL TS D %
%Lto:@iéﬁ%mm\ﬁﬁmwﬁﬁﬁﬁﬁé Bi DmAb S0H10% V724
BIXBD LNRM ST, ZOIZ LT, mAb 61C535 L USTESIC & - C 4 B0 705 =
D EFPEROMIAR T LICEFET 2 HURDORE L~Ups | JEIERNIZ M AF PRIz
TEALTNDZEZRLTWD, 2FEY ., ZO200FUEITLF PERINEBNR AR 72
52 Lo THRAPE MR LOTURZFREROICEHR L WD Lo L Bbh
%o AlaFKE LIZTFETDHREOL T, RV ETH— A b AT

Z—RBLOEERT%H, TOMBEOBEERIZEE L b0 Th D Horejsi, 1991), Zil
bR, MAOFEERUIS CC, MlgEm EORB L~V EE XD 2 LM
51TV 5 (Imhof and Dunon, 1995), mAb 61C535 L ONSTRSNEREET 5 =2 A {FHERD
iR mE EOPURIXEESIRECH 2 IFPERICE W TR L AL E T LOTH Y

HFHREROBEERERA T TH 5 AT EN D, 5%, mAb 61C5E L TSTESH
BT DTN TN OMIEEETUROBENAIEEZH 50T 208N H 5, mAb

CBIFL1 & AVVZFCMAHTOFE R, TS, FRSmIs & O EEERIERC 30\ C I
HRAITER D HAU T, mAb 81F11 AR D FIRUTMIfR R LIZIFE L2 2 & AR
SNz, UL, EEEFUREE I LIZMIE ot FBEMEEEEIC B\ T IEERE Y
FRERICOBOET 2 Z EDRBO bz, ZDZ i, mAb 8IFIIEAFPEROHHAE
NILRZDBHE L TNAZ EER L, FHEROPTHEIER &ﬁbt%@%t%@
BICOBIGET B E VI FEREEF S EER LTS, TOAIE, mAb 61C5B &
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OSTESHRT R L 3572 > TV D, FEBHRIED M IR TOHRHLRD 5D 2
b, ZOHIRG EAFPERICERMICHEDL > TW AR T TH B & Bbhn
Do
%@ﬁ%“%éﬂ¢&%ﬂW&@ﬂ#%k%ﬁéhfhéﬁ¢ﬁ@@%i@%
A PE)Z B L, ZOEREHIRET S Z LT, FPREROBIERIZES T 5A
FOMREZRAT D ZENTE D, AEIZL Y B SN72mAb 61C5, STFSEB LW
BIF11Hd, AFHRERODIEENFICI T DR RIRIUR OB EBHET 2720, 5% 04T
%@%%ki@%%@?@ﬂ” BOWTHDRERE LR THAS, T2, IHENR
BRI 2 AT FERUC B B0 1T CRUGT 2mAb 8IFILIE, SRy Tk 2 v 7o id ik
fehf HERDARPIZ BT 2 BIEE T2 BBV T LB TH 5,

5| FH 3K
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BRI SRS mimEa i e Pedieat il
E3. £/ & 0—F )Lk S0H10 2 & 3 sersilifnneis,
FEA RIS LRI B I RE S TU S,
a; Ik, by U 2 /NER, o) SRR,

EEML SHmEE  ERAEEEn

M4. £/ 2 0—F)Lbindk 61C5 1Tk 2 REiifaia,
AR UERIEEBEICEBEINTIS,
a; FFRER, c; FFIEEEK,
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BS. T/ & O—F Vit 57F5 2 & 3 Rminae .

FAHS RS LB e IC RTINS,
a; IFHREK,. C; FFHEETK.

mEMmEm 0000 kMM R
®6. E/O—FI)bind 81F11 12 &2 Gt ei, '
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ZEH

oA HFHREROMBERIURZFERT HE /7 0 —F/LHFEmAD)61C5E L USTFS
i, FRERRE T A MBS ERROIEMELZFHE L7z, mAb 61C5FE /2 1L57FS CTALHE &
NI REROEERNEO FERIT, BERRBABINFREZE CRLEVEEZ R L, L%
THLE, 20Z&0b,. ZOHPEROERGITENME O E - IMEER T-5E
EEDRISHBBIC 2D 2 LICE VT 5 60 & Bbiiz, mAVRELT K56 dEk
DBEEL A (0, A ~DEBETHLB 010, WO, DMEHTHDH & T —F %
BV, ZhIC & BMESBEERE L7z, mAb 61C5 CIAH S iz i IR BTV
FREDA 77 — PRI L > THE LWEENLLN2NT E02 5. mAb 61C51C
Lo THEINAEEENO EFIX, HO, O EER FOEAN K Lz
W& BbTe, —J, mAb STFS CREE I 7 i PER OB ETE I ERRE O L & T —
BYRNTOIBENR B Z L. mAb STRSIZ k- T S 5 S EED L5
B WO, S O ER FIEAB A TIE AR < . HEE B B iR ORtE R &
Hu0LEBboniz, ZOLIIZ, 2200mAbTE N FIR LR DS ERIE TSR LT
WB I ERFEB SN,
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MBERG 2 SICEET 2 REICBN T, RAICKERNCEET A LN TE 3
ﬂ¢ﬁﬁ\W%%@@%—ﬁﬁﬁﬁfé%@%%Tﬁéﬁﬁm&H@J%Do%$
HRoOFEpEE L U TTEREEN GV, BRYSHE M O FA B (Ainsworth, 1992)% &
UFHRE 7% % (Iger & Abraham, 1990)/2 EDRERDOKR LI -> T D, T, HFPEIET
ML OBI R (T A A v 7 —a A F U IEORFEEAL L, REROFEHIC HE
B LTWAZ EDURIE STV D (Kemenade & Weyts, 1995), 221 & V72 53T DA
Fld, PR ERREOMICHIEERE AT L EH BN L, FOEERE
& LTH,0, DA % 507 T D (Kurata et al., 1995), £72. = A Fh koA ERe
HERBEIRE OB EZ BT 2 2 L b LNIC SN TV D (RCE2E), =1
IR BID T D OFFTERO BRSOV RPIC IS B8R X VBT 572
D, HFREKIZH D/ 7 v —F A HUR(mAD) BMER S N (R U3 . 1N,
mAb 61C538 S UNSTES D3GR T D = o ff P BRI L& HURIL, EENIZRE L
TAFRERIZBWT, TOEB LV EETZERH NI SNE, 20T LI,
mAb 61C53 L USTFS A3 GRS D S PURMS A P IR OHERRICEEE U 7203 7-Cd 5 Al hEME
R LTS, AR TR, R EROMIBEm EOFUR 2833 S mAb 61C5EB &
USTFS TR Sz af HEROMla G Ei 2 HE L, £ OoMIEE#EE~0B51c-o
WTRRET L7, |

BBk & OOk
itz o

FIRE140-250gD 2 A B AREFIZER Uiz, EBRAIT40KEICNE L, KR
25+1°C, MAXTEHE Lz, EESE G, SEBa kot 21 26E, fan i
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527,

£/ 7 v —F )VHE(mAD)

AFHTERIZR S D mAD 61C5, STFSE K TMGLEE3FDOTIAIC L > THR7Z (mAb
AGUIATRXEIE, FIH TILREFEOMADTH D) . EmAbEGie (T ) F—~
138 EiE A ARBRICHER L7c, mAb 61C5. S7F53 L OMGUIIAFFER DMk o
FURZ T AmADTH D, TNEDOMAVDY T2 7 A F1gGl TH D, mAb 61C5H
L OSTRS IR P ERIC 33 2 BREEARIZER © D ALZ2 WA, mAb 4GUTAF RERIZ X9 5 %k
%ﬁé%ﬁbf»\é QE A FIEIC L AR T, BENMII28ETH - T2)

AF R D Sy B
R ER D 4y Bl I Percoll(Pharmacia, Sweden) % FH VN 72 AHLRE S BE A O o BEVEIZ K

V. BB SERRO G EITHENVEE LTZ(5). EE%@&%E@@:#%H%W AT
oA y?:.usof vV a) e N TLANMREAKFZE T F U U A dmM L-Z V& X |
LOOBAT/mIN =21 VB L TN00 p g/miA B LT b= A &0 % & {pRPMI- 164055 H1

(= v AP T L, ENZMiaiEiEg & Uiz, RPMI-164085H % V> THlla BEvr
(800X g, 4°C, SHMNZ2ENT - /=18, MISEIFKIL, HEL1.065, 1.083 L UM.090D3
J& kv 7e B REGEE AR RICERE i, 350Xg, 4°C. 2000 L BERIT o 72,
PLEE1.08-1.09 0 B ZEEAE L7z af HER A [ LU, Mlaied 20T o> 7o, SBES it
FERIL, 10% 7 VBB VR I IE (FBS: commonwealth Serum Laboratories) % & § PRPMI-
164055 HEIZVRBE S A, 25 Cfn&ﬁlzﬂ%ﬁaﬁﬁui*%ééﬂto fEAERNC, P AT —
v ENAVARRCE 3 et AN DM@@&@@&*@\%%HL@&@%?&%:&%
MR L7z,
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A ER OmAbALEE

IFHERIT. RPMI-164052H(10%FBS) T6.25 X 10°cells/m/IZ T X 372, 96well FLIE
<A 2 17 L — K(Coming Labs. Inc.)D % well\ZHAAREEIERRR0 1 I(5 X 10%cells) & 431k L
72 FRPREENS107, 107, 10°BLVN0°E 725 L 912 U IRREAIEEH /K (PBS) T
mAb(NNA 7Y F—=i3E B2 AR L. FHERPOES iowelll £ D20 u 12N %
T2 NA TN R—= DR (RHITEIENIHWHT-GIT( 1X10° ME REFH
BLOL6X10*MTF 2 F %2 & TeGITE A, Wako Pure Chemical Industries, LTD) % PBS
TmAb & FRICER L2 b 02 EM UK 2w e LTRITE, 7LV — M32s5CT

3054 v a~— kL7,

il e (57 2 A

AR IZ 13K 5620 (human chronic myelogenous leukemia cells) % Vv 7=, Hla 4
EABIT COlFREEIC K VT o T2, KS62HIFAD T A ) b — 7185131 2MBqD
Na,*'CrO,(NEN)Z T, 37°C, 1SR OEMCTITo72, £ 0%, Ml 235 T
VY, RPMI-164055H1(10%FBS) T2 X 10°cells/m/ D B\ SRR AL 2 7R 5 U 7z, Seloif
PER L mAb% SIS S~ 4 7 27 L — b Owel IR IER100 1 1% N % 72
(L7 =7 ¥ —Flin & ZRMI O, ET=251), 7 b — MMI25CTA »F 23— |
Uiz, —ThefE%, BB EERE AT A(Skatron) i 2 C EEZEIR L, vy h o —
(cobura 1I; Packard Instrument Co., Inc.) C_1E D IEEEAETAE & HIE U 7= GREGEREE),
T 7 H— MO R ) BRI 2 72 K 0> I O MR e % B SO, Tk
#1(10% 7X, ICN Biomedicals) & M1 2 SR BRI 2 35 M2 U 7= K & B BRI & L
T, MG ETEEE (%) 2 LA F ORI RIS LY R,
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BN  — B
MRS ) = X100
BROBEEE —  BREEHE

Fo. mAVEIC X 2 ARG ETREE ORI T ORI LY 8,

(TR O - H3R (%) =

mAbTSIEF P ER O M EFEME — PBSEHINGF P ER OIS EiE (A

PBSERANEF T ER O A a5 55 Ml

X100

mAbMLEIZ X DR EROH, 0, EA~DBEZ T 572012, B0,0EHTH D
H & T —F (7 R 19,900 U/mg; Sigma Chemical Co) % BBAKIZEM L. #h
\Z R DM G ETEMHEOZ b ZHERE Uiz, EH L2 & 5 —E1dPBS TRIE, AR L
fo. B 5T —PORD Y ICPBSEIRN LR AR Y LTI, 74 5— Pk 5
MR EETEME O ERIL TORIT L Hi,

BRI O 5 5 (%) =

PRSI DHIASEF I — 5 & 5 — ¥ FHIIK O AL = E Ml

X100

PB SN D HI e 55 35 1 14

ek, ARBRIZHEMN LzmAbB LU ¥ 7 — B3 ek L UKS62 a2 [ 45

E A 2 L3 o 2 (data not shown),
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BEEHLALE

K562z 5 A LTV AT FERICH T 2 mAb D RS 2 3872, & ERQ X 10%cells)
& KS62HHAE(1 X 10°cells) Z RPMI-16405% #i(10%FBS)200 u I TIRA L, 25CTA v~
Fal— b L, 1HER#, B0l 2ilE S, 50 IER I i 4 2 i (SC-
zT@w&mnhﬁmnmiof%%@x%ﬁﬂbto%xﬁw%ﬁwvuy%ﬁ
U%&/»»?Eﬁbkoﬁﬁﬁ@ﬁmm\TEyy-Ei%yyx?Ammﬁm:
LT o7z, BEESNZMERIZ, 01% Y MiE7 /L7 2 2 (BSA)E L 00.1%
NaN, % & {ePBS(PBS-BSA) TV 2 v ¥ 7 (ZFiR, 1055/H) #1To72%. mAb(NA
T N s L) & 1R, BB, B TR S U, RUSH. BAZPBS TS
[\l Uiz, WICIEEARLE, PBS-BSATIOOERIR S /=di~ v RlgG e 4 F VU EEREHT
{B(v ¥ 3. Bio Source International, Inc.-Tago Prodocts) & 1#FRE], G, @D T/K
ST, KISH. BAZPBS TCIEH L, S ABC- 7 A% U 7 4 2
77&~€%é%y%wmmmwjmyakWﬁot;%%@K%Aﬁ%é%%&to

SRR 13O 2 BRI T TR LT
S

mAbJLEE X7z P ER O M G E TE
mAb 61CSE 72IXSTRS DI K - T, P EROMEEE MM LA L)),

—F5. mAb 61C535 X USTES & AR AP P BRI T HUE S RS+ B mAb 4G1 DU
. TP EROMIREEEEIZEE LY 5 2D o7, mAb 61C5E TIXSTFS DIRINC &
DIFPEROEEEME O EF T, mAREMET T2V TR L), Fi-.
mAb 61CSFE 72 IXSTFS B i S N7 AP RER OB ETEMEM I, KS62fha & IR-A 1IRF[E 74
TEWERREZRL, EPRBT DI - TEO LHERIITHELZ(K3), mAbE
BN Sz i P EROMIAE ETFEO N £ T —BIC L D2 4ITR Lz, mAb
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6105 % FI ST R & mAb STES & A S I S FIRO BT, 3 4 T — PO
IZR 7207, mAb 61CSE M E Nz P hERDGHEEIITHBED D &7 T —F Thik
Fra D DIZx L, mAb STRS & IR0 S 17 ER D ETEMEIImAD 61C5 & it L
LD EREOD ¥ 5P THRESRD bR,

KS5625E & 0F HER DO mAD D Uk

KS62HIEIZ 5 A L TV D EFHERIZmAD 61C535 L UNSTFSIIS L 72 (145), mAb

61C53 L OSTRSIFIKS6 2/ I s Lie o 7z,
Ey

oA PP ERHAR R EUR %2 3R D mAb 61CSE /2 XSTRS CHRER 2L 5 = &
W&o T AFERAE T 2 MG EREOEEL AR bt [ AP Ekfa s
LR % kT 2 mAb 4G1 2 W2 THE, 20 £ 5 R EEROIEE(LIZRD 5
N oT, H6-T, mA b61CSE L OSTRSITIFFER NG T 5 M {S S D IEM L %
BEMICGHEETDHZ ERbhroTz, HFHEROEELEHY L/7LC2’30)mAb(i\k K562
FZFSA LW A AR ERICEUR U, KSG2RIIRIZIESS LAV 2 & SEERTURE 2 1
L7 IO F MBS Tl o bz, £, FRERICEIS & 72mAbEE D
BT E bz MRREEEEO EASITET L, AWz~ 7Y F—<8;
FRMHT-GIT) TIAF P ER DO EMA L 2 758 Liﬁb MG, HFREREEUR~DmAD
DS PTEHACIZEIE TH D Z EMB/RIILZ, mAb 61CSE 72 IESTRS & RS S B 4F
BRI, KS620000 & OIRA T RI%IC B W TEEFIEOR ERENRD b, =
O ERFITRABROERIEBI & SV TR L, 202 &id, mAbTRIG S
FAFRERIE, KS62MfE & DR G B0 BB TIIMEEEMEN & <. dIRXIZHAZER
HDHOD, BREFEICENHRX E DEITR > TETWDLZ EZRLTND,
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P> T, mAbIZ XD AFPEROIEMEGIZ, PN OFEMMEEZEE T 2L 01
725 bO TR L PO OB E IS ER T O EAS O KIS B
WA bDEBEZLND, A HFEKIC L AEMEOEEIIN F T —E 0uImic
LoTELHESNDZ LMD, ARG EE SNSH0,MEERT & LTR
e XA TV D (Kurata ef al., 1995), mAb 61C51Z & » THEME(L S Nz T P ER D EEE
PEIZ. 400 £ g200 ulE WD HIBED D ¥ 7 —F THIMWIEEITRED b,
zmﬂywmumﬁgﬁmé<m%éﬂ@#oko—ﬁ\menwmiof%ﬁMé
N FHREROGEEEME, SBEONZ 7 —E THRWHERRD 6,

100 1 8/200 1 IDEFEEE T 3\ T b R BIAENTD B, mAb 61C535 L USTFSIC
Lo THEMAL S N7 R ERiIZ1 SRR B K ORI OB ERBRIZ B W CEo LR ZE%
ALTWRIZSBD 6T 77 7 —BOEEEE~DZEIImAD 61C5 & 5TFSDHT
K& Bipolz, TNHORERIE, mAb 61C5 & STRSIZ X B 4F R ERDIEMA L 23 %
NENRRDZEZRELTWD, DFED, B F T —BIZ Lo TROVIIE>Z T2
235 7zmAb 61C5IZ K D i PERDEMEAGIT, H,0,EARED LA, F/id, |EFETO
WHEE T B 21272 » TORWH,0, S DFT T I TE L SN EFRFIZL D 6D
EBZ BN, —F, RIREDOH 25 —ETHHEZZIT2mAb STFSIZ K 2 4F FER
OIEMERIE, 10,2 EOEERFIZBEEFT 5 b0 Tk, oMo, fl s
HF72 & ORI L2 b D EEX bz, 7 AU 5 F~ XDnonspecific
cytotoxic cells (NCONWZ BT WIS L 7 % —(FAM)DIFEZ B 52 L7z
(Evans et al., 1988), FAMIZXT9 D2 mAb TNCCEMET 2 Z L2k~ T, HEER
WO LERBLUOFAMOFRERO EHENFEIND T EEZH LI LTV A (Bvans ef al,
1990), 77, I OmAbIZ L BMAIEIT. NCCOMBEN A /LS hA F D EH %3
XL, FAMﬁiv&“fzwﬁﬁﬁ%f‘& 5T & BRI LTV B (Evans et al., 1992),

E hOTFTTF TR — [k & é*%é%iﬂﬂ’a@ FEIZBWTHERL, BERTBX
Uv%f&~ﬁi6%@vﬁyF@%?ﬁigfﬁé:&ﬁﬂBMTW5@®mma

87



al,1994), b L. ZNbOF T —MlaRNE T o#FRTFELIIL T —n5xmL
LB ERTAE, BSICENMRBEZRBTE. J0ESHICENRIEEEE X
D125 9, mAb STESIZ L » TARE S N aFPERIL. 1IRFE ORBREHIC B T 2 5%
TEMHEO EHFENSmMAD 61C5 LY bEWZ ENAWFEIZ L o TRENE, 202 Lk
mAb STF5IZ & 2 4f HERDVEMALIZIER 0 F 2@ T 2 AR 213272 —0
FHELANNVDEFICEDZELEZOND, 6%, 2 L2020mAbRFHERDOFo
ED XD IR TEEL T 200, KVESHRFT LI ENEETH D,

— R, % < OMIREHURILE OMOBEIZEb o TnE Z Enbs T
VN5 (Horejsi, 1991), mAb 61C53 £ USTFS 2SRk 2 MIAREHE L. FHIREICH
5 EEZ DD IEMENEEA T EROMIERE LIZB W TRI L~V EHTZ L0
B SR ORI B L T 5 2 L ISR S T\ 5 (RT3 ), AT
BT, ZREOmALBFPEROF OMIAEFEROEMEEZHFE L2 &b,
mAb 61C55 & U'mAb S7TF5D3FBRd 2 MG EHURE 2 4F Hh EK 0 M 45 S i TE b
WBWTHERYWH TH DL Z LM R I NI,
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30

EEEEE (%)

PBS 61C5 57F5 4G1
mAb (X 1000)

E1. €/ 7 0—F)HE(mAD) LR X N7z iFPEROM G EIE T,
FERIRRTICKS 62 iR 2 (=R L7z, M EEHRIIET=2.5:1. 28
. 25COHREFTIT 27, BRIINEICOVWTIERRTEON/Hl
FE A HEOEH L FEERETERDLDINTIS, *PBSAUEBX ELLE L
THERENH B (Student's t-test, p<0.01),
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BERMEED EFE (%)

I l l I

102 10° 10" 10

mAbUD?’-‘ﬁR:}% 2.

M2. &/ & 0—FIHEmMAb 61C5 O . mAb 57F5; @ )
WEBFREOMRES EHEO LAR, HREEHRI
E:T=2.5:1. 1.5k, 25°CO&RMGTITo/=. BRIF1EIC
DWTCIERRTELNMIREEEHE,SBHREN A LAE
DY TRDENTWVS,
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100 —

B HE (%)

50

i

il
a5

| I |
1.0 1.5 2.0

f%%ﬁ%ﬁﬁfﬂﬁ (h)
H3. SEERREMCHI3E/ 2 0—FIHAEMAD 61C5; O . mAb 57F5; @ )
MIBSF RO MBS S EMED L HE, (FRIRITIREE100020OmAb TRE I N,

RREEHREIET=2.5:1, 25COERETIT /2. BRITRBICODWTIEHRBRTESN
HREERHEMNMOEHEINLBROEHTRDEINTIVS,
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100

E& (%)

50—

HitEDHE

-~

E ~
’JJ—EmE/

f

400 200 10050
NG5 —EHRE (1g/200 1))

B4, ./ & O0—FIILFEmMAb 61C5; O . mAb 57F5; @ )i
FHRIROMBIEEEMHDON Y S~ P IC L DEER, IFRERITKEE
1000/ 80OmAb TR E N/, HBESESERIZE:T=2.5:1. 28R,
25COEMSTITo /. BRIF1EICDVWTCIEREB TE SN/
EEEHE, SERINAEEROFETEDINTNS,
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*

5. K56 248 <54 L iFhikp fsiliaseit, KS62MICEa L TY
BRI XS TSy HBTREEIN, FHKTHDZELERT(A). /2
A—7)biifs 61C5(B)BLUS7F5(C)EIKS56 252 ICHS U TS IFHEKIC
RIS LR A RS LS el aeasng), chS0E/ 40—+
ik [ZKS 62808 (T) ICIZ RS L h o 7, |
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e

S HFRERAS, PERA BN TV ARBRICML . MIBEEEDLHZ TVD D L
AL TH LN oTc, TOZ &1L, HAERREOERETH T &N TE RV
IR 22 I JFUARRe o7 A L A REYSHIRA, MM & 5 72 B EREMNICX LT,
o BRI LS A ATREME R R LT\ D, ERARFSEEL. oo R ER BEEER
FEIZNEGHEZ R Z & b 6N Lis, BRBORRAEBENKIE T T ng
T, A FHEO X5 2R EE NS E B oMk, ZEEBMW Th B RED 4
K & > CTEEAREEZRZ LTS b0 L BbiLb, Zh 6 ORIk
BT D A FRERO ARSI T 2REI P SN T B 2 Lk, AIERE O
M OREE O DIZ b MERZ L Th D, ARFFETHSE L7-E / 7 n—FLiE
(mAb)IE, BARYIIHIE LI BT PERICB W THRE L~V O HR 2285 L.
F A PR OIS EROEIAL 235 L, 4%, ZhbOmAbSHEMT 5%
PURZHEE L, ZOMITE1T 5 LIz, ZNEN Uiz 7T il & GEiEE
EOEDYERA LML TN Z i, A OB E 2P ERO AN TO
HE. TRbBIEE O A I = X ADMBIC RN D O LHHET D, Ei,
WP ERDAEENFREI O A 7 = X L OB RIERERORE & 2 eI Li- &5
HEA~OMEBL T L EFET D,
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AFFFERAT IS S 20 | HAAIRE) R SIS R I8 U | A DR A T
T BURUK BE R IR R S PR IR A B2 IR SE st A B2 . 72 & QNS FRAS IR )
R, AR SR AR IR AR AR LE T, AR —
HAAHIEA ERICRT B =9 A FA—F— 2 by CHEE, $7% /) 7 a—F
AR VERLT Y ) EEI RN S 2 T, BRUKE R R E TS O R
SRR B EHBEY O K, B ERKERBIBINALE D 2 DI AT %
T5 1B L. WEEERIEVE, [ESSAY 7 — st h B 2T+, T
BRI D A VA« U4 o F 7 AR — it 72 b NG B A ARFZESE
TN < L 2 VA 2 4R U C TV o, RORUR RSO SR . T
BATHIER . 2O ONCREM  BEEICIEE < OFMEZEE L TIHW, Rl T
Dok VOB BT, BACEREE B fOR S S B FI R . T
T 72 & NS T & AT IEATS 2 3455 310 %72 0 SR 20 % 15 -
oo MACHEHMLES, 7, MEESHT, EBERS A, FEUKERZAIBEE
PRAERF AR 2RSS & OY H ASHRIE 7 K S SRR 0 2 1T b R S L %
BEWzZ &2l ZIZRL. #iEzRLET,
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