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ACL Activated lymphocyte

APC Antigen presenting cell

CD Cluster of differentiation

cDNA complementary deoxyribonucleic acid
Ct Threshold cycle Ct

CTL Cytotoxic T cell T

DC Dendritic cell

DIG Digoxigenin

ELISA Enzyme-linked immunosorbent assay
FBS Fetal bovine serum

FITC Fluorescein isothiocianate

GAPDH Greceraldehyde-3-phoshate-dehydrogenase

IFN  Interferon

IL  Interleukin

hr  Human recombinant

hT Helper T T

MHC Major histocompatibility complex
MRNA messenger ribonucleic acid

NK Natural killer

NKT Natural killer T T
PB Phosphate buffer

PBMC Peripheral blood mononuclear cell
PBS Phosphate-buffered saline

PCR Polymerase chain reaction

PE Phycoerythrin

PFA  Paraformaldehyde

PHA Phytohemagglutinin

RBA Rose Bengal Assay

QOL Quality of life
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Craig 2001
Blackwood Dobson

1996
QOL Quality of life
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DC Dendritic cell APC
Antigen presenting cell DC
T
T CTL Cytotoxic T lymphocyte
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IL2 CIL NK IFN-y MHC
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CTL T hT IL

Interleukin -2 CTL APC
CTL MHC Major
histocompatibility complex
Callan 2000 Wang 2000 hT MHC
IL-2
hT IL-4 IL-6 B
MHC
NK Natural killer T
NK T NKT
Farag Caligiuri 2006 NK MHC
IFN Interferon -y
CTL
MHC
CTL NK
Mocikat 2003 2001 Yokoyama Seaman 1993
IL-4 -6 -12 IFN-a -B —y
Tada 1990
Yamamoto 1995 Zou 1992 T
T
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1983
Cluster of differentiation CD 3 IL-2
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1992
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CD56
ribonucleic acid
Polymerase chain reaction
CD56

mononuclear cell
2 PBMC CD3

MRNA  messenger
PCR

in situ
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CD56 mRNA
IL-2



1 CD56 mRNA CD56

1.
CD56 NK
Cohavy  Targan 2007 Moore 1987 Rutishauser 1996
NK
Takahashi 2006
2005 CD56
Bonkobara 2005
CD56"
Otani 2002 NK CD56
NK CD56
CD56 mRNA PCR
CD56 mRNA in situ
PBMC CD56



1)
1
5mm RNA RNA later
Ambion Austin TX U.SA. 4°C -80°C
2) PBMC
5 3 2 18 26 12 14kg
10 U/ml
PBS Phosphate-buffered saline
Ficoll-Paque Boyum 1968 Kol 1983 PBMC
PBMC  CD56 mRNA 1.0x 10°
5800x g 22°C 1
-20°C
3) PBMC
PBMC Ebina 2001 Itoh 2003
20 mi
PBMC 3.0x 10’ RPMI1640+9 IL-2 1,000RU/ml
RPMI1640 GIBCOBRL Gaithersburg NY U.SA.
FBS Moregate Biotech Bulimba Australia 7 2 1
Complete medium [L-2 700 RU/mI  10% FBS 10 ml
CD3 1 mg/ml mouse anti canine CD3 Serotec Oxford
UK. 25ul 5ml 24 75 cm?
0 37°C 5% CO;
4 8 12 Tennant
1964 4 Complete medium 5 ml



8 IL-2 175 RU/ml  2.5% FBS Complete medium
RPMI1640 1 3 CO, (A-350

) 14
14 50 ml 850x g 22°C 10

hr human recombinant
IFN-q. interferon alphaA PBL Biomedical Laboratories NZ U.S.A. 15U

RPM11640+9 15 ml 15 37°C 5% CO;
PBS 2
(ACL Activated lymphocyte) 14

ACL 1.0x 10° -20°C

4) PHA
PBMC 1.0x 10° /ml 10% FBS RPMI1640
5mi PHA Invitrogen Carlsbad
CA USA. 4% 4 37°C 5% CO,
PHA  PBMC 1.0x 10°
-20°C
5 RNA
RNA Chomczynski  Sacchi 1987
PBMC PHA PBMC ACL RNA
RNeasy mini spin column Qiagen LesUlis France
RNA 260 nm 100 ng/J1
RNA -80°C
6) PCR
RNA Promega
Madison WI U.SA. Molony
MMLV-RT Invitrogen 37°C 60

cDNA complementary deoxyribonucleic acid
Kozasa 2005

CD56 GenBank accession number U63041



accession number NM010875 accession number AY 860628 CD56

glyceraldehyde 3-phosphate dehydrogenase GAPDH  accession
number AB038240

CD56 GAPDH
CD56 5-TGCCGGCATATACAAGTGTGT-3* 299-319
5-TGCCCCTGATCTGCAGGTAGT-3* 564-544
GAPDH 5-GTGCTGAGTATGTTGTGGAG-3* 266-285
5-AAGCAGTTGGTGGTGCAGGA-3*  464-445
cDNA Tag DNA
PCR PCR
94°C 30 55°C 30 72°C 30
35 PCR 2%
PCR
PCR PCR
PBMC ACL PHA PBMC CD56 mRNA ABI7300
Real-Time PCR system Applied Biosystems
PCR 2ul  cDNA 2.5 pmol
125ul  SYBR Green PCR master mix  Applied Biosystems Cheshire U.K.
25 ul 50°C 2 9%5°C 3
95°C 30 55°C 30
72°C 1 50
CD56 MmRNA  PCR
CD56 PCR MILLIPORE
UltrafreeeDA  MILLIPORE Bedford MA U.SA.
10 ng/ul PCR
7x 10° 7x 10°
7 PCR

Threshold cycle Ct
Kaetzke 2005 GAPDH



CD56/GAPDH

8) Insitu
(1) RNA
Digoxigenin DIG RNA DIG RNA labeling kit  SP6/T7
Roche Diagnostics Mannheim Germany
RNA CD56 PCR
DNA Nco Spe
DNA SP6 T7 run-off DIG-11-UTP
CD56 RNA CD56RNA
-80°C
2
PBMC ACL 1.0x 10° MAS
2
in situ
Tissue-Tek OCT Sakura Finetek
Zoeterwoude Netherlands 10 um 4%
PFA  Paraformaldehyde 30 PBS
-80°C
(3 Insitu
In situ Kimura 2004
PBMC ACL 4% PFA PBS 30 PBS 3
5ug/Ul K Roche Diagnostics 37°C
20 4% PFA 10 0.1M PB
Phosphate buffer pH7.4 0.2N HCI
10 PB 0.25% 0.1M
pH8.0 PB
DIG CD56 RNA
50% 10 mM Tris-HCI pH7.6 tRNA 200 pg/ml 1x



10% 600 mM NaCl 1mM

0.25% 100 85°C 3
95°C 5
1 47°C 16
5x SSC 0.75M NaCl 75mM sodium citrate pH7.0
50% / 2x SSC 30 0.2x SSC 20 2
47°C
DIG DIG Nucleic Acid Detection
Kit Roche Diagnostics nitroblue tetrazolium chloride
NBT /5-bromo-4-chloro-3-indolylphosphate BCIP
2
9)
+ M+ SE PBMC ACL
CD56 mRNA PHA PBMC CD56 mRNA
Wilcoxon p

0.05

10



1)

CD56
PCR

x 10° CD56 PCR

2)
(1)

2

3)

4)

0.0006%

PCR
PCR

CD56 mRNA

RCR

PCR

3
0.0071%

PBMC

14

PBMC

PBMC ACL

GAPDH

ACL CD56 mRNA

CD56 mRNA

0.0085%

204 112

CD56 mRNA

DNA 7.0x 10° 7.0
Ct
1-1 r* 0.9916
GAPDH
CD56 mRNA
cDNA PCR
266bp
CD56
1-2
CD56 mRNA
GAPDH
CV coefficient of variation
0.0066%
CD56 mRNA
1-3
1.1 3.0x 10’ 2.0x 10’
05 2.2x 10° 1.3x 10°
ACL
65.2
ACL CD56 mRNA
PBMC
PBMC ACL
p <0.01
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5 PHA CD56 mRNA
3 PBMC PHA
GAPDH PBMC
mMRNA 1-5 p<0.05
6) PBMC ACL CD56 mRNA
In situ CD56 mRNA
PBMC CD56
1-6A 14 ACL CD56
1-6B
CD56 1-6C
CD56

12

PHA

PBMC  CD56 mRNA

PBMC CD56

1-6D
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0.1+
0.01} o
0.001} r2=0.991¢ N
0.0001 . . . .
20 25 30 35 40
Ct
1-1. CD56
CD56 PCR
7x 10° 7x 10°
PCR
Threshold cycle Ct
r? 0.9916
Ct

Hoshino 2008(a)
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M+ SE
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CD56/GAPDH

PBMC ACL

1-4. PBMC ACL CD56 mRNA

PCR PBMC ACL
CD56 mRNA n 5
M+ SE
PBMC ACL CD56 mRNA
PBMC ACL CD56 mRNA
** p<0.01
Hoshino 2008(a)
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CD56 mRNA
PCR PBMC PHA
PBMC CD56 mRNA n
3 M+ SE PBMC PHA
PBMC CD56 mRNA
* p<005
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1-6.

In situ

A PBMC

B ACL

CD56

PBMC

ACL CD56

CD56 mRNA

CD56 mRNA

CD56

CD56

CD56
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PCR CD56 mRNA
RNA 200 ng
1.0x 10" 6
CcV
CD56 mRNA GAPDH

CD56
Filiz 2002 Thiery 1982

Filiz 2002 CD56

Filiz 2003

PCR PCR
CD56'T
T Musha 1998 Sato 1995
CD56

PCR PBMC ACL CD56 mRNA
PBMC CD3 IL-2 ACL
PBMC ACL
14 PBMC 20
Grimm 1986

PBMC ACL CD56 mRNA
PBMC ACL CD56 mRNA
CD56 mRNA
PHA PBMC CD56 mRNA PHA T
Nowell 1960 PHA T

19



I FN-y NK CD56"

Bonkobara 2005 CD56 mRNA
PBMC
PBMC CD56 mRNA
NK
(Lazda Baram 1979) CD56 mRNA
NK NK
CD56
PBMC ACL in situ CD56 mRNA
PBMC
ACL PBMC
10 15% CD56'NK Hercend 1985 Lanier
1986 PBMC CD56"
PCR CD56 mRNA
PBMC
CD56" PBMC
CD56"
CD56 NK
CD56
CD56 CD56
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NK CD56
PCR
PBMC
CD56 mRNA in situ
PBMC CD56 mRNA
CD56 mRNA

PBMC CD56 mRNA In
situ PBMC CD56
MRNA

CD56 mRNA

CD56
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Grimm 1983 Nishimura 1992

T NK

Grimm
1983

CD3'T NK Grimm 1986

Wang

2002 CD3 IL-2
Itoh 2003

1 CD56
CD56
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1) PBMC
6 4 2
18 26 10 14kg 1 2
PBMC PBMC  1.0x 10° /500 ul PBS
500 pl 1 CD56 mRNA
5800x g 22°C 1 -20°C
2 4°C
PBMC 1 3
14 ACL PBMC
2) PBMC ACL
4°C PBMC ACL 2
400x g 4°C 3 1
50 10 pl
FITC 1gG Serotec Ltd. 1
10ul  FITC CD4 SerotecLtd. R-
PE CD8 Serotec Ltd.
30 4°C PBS 3 500 ul  PBS
EPICS XL EXPO32 ADC Beckman
Coulter Inc. Fullerton CA U.SA.
3)
PBMC ACL 37°C 5% CO,

(1)

4 CMec
CMM-1 CMM-2 LMec
Inoue 2004
10% FBS 10 U/ml G 0.1 mg/ml
10mM  HEPES 2-[4-(2-Hydroxyethyl)-1-piperazinyl]

23



ethanesulfonic acid RPMI1640

2
RBA Rose Bengal Assay

Gondolf 1996 10% FBS
RPM11640 1.0x 10° /mi 1l 96
8
PBMC ACL PBMC 1 10 cm
PBMC
125 1 25 1 50 1
100 1 10% FBS RPMI1640 0.125 1x 10" /ml
100 pl 10% FBS
RPMI1640 100 pl 96 14
0.25%
Rose Bengal 100 ul 3
PBS 50% /IPBS
MTP-120
562 nm OD optical density
Funk 2003
% 100 — ODtest OD contrax 100
test control RPM11640
©)
1x 10° /ml CMec 16
IWAKI 150 pl 8
100 1 50 1
150 pl 14 PBS
4) CD56 mRNA
PBMC 14 ACL CD56 mRNA RNA
cDNA PCR 1 5 6

24



5 IFN-y

I FN-y IFN - yenzyme-linked immunosorbent assay ELISA
Quantikine R&D Systems|Inc.
ACL 14
0 7 14 21 28 35 42 49 56 70
IFN -y |FN-y
6) ACL
13.3 13.7kg 18 3
1 ACL 0 -14 0 14 28
20 ml PBMC
14 0 14 28 42 14 ACL
3
14 1.0x 10° PCR CD56 mRNA
14 7 14 21 28 35 42 49 56 70 PBMC
PCR
CD56 mRNA
14 1.0ml
-20°C

TaKaRa PCR Mycoplasma Detection Set

7)

I+
<
I+
2]
@0

PBMC ACL
CD56 mRNA

I FN-y Wilcoxon
p 0.05
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1) ACL
6 PBMC
x 10’ 14
2-1
2) PBMC ACL
2-2
ACL CD4CDS8"
CcD4'cD8’
3)
PBMC ACL
4
PBMC ACL
100 1 50 1 25 1 125 1
4)
100 1
ACL

ACL
2-4a PBMC 2-4b ACL

5) CD56 mRNA

1.1 3.0x 10’ 2.2
05 2.2x 10° 1.2x 10°
18.3 112.0 57.4

6 PBMC ACL
PBMC CD4 CD8
p <0.05

2-3

14
ACL

50 1 PBMC

PBMC



PCR PBMC ACL CD56 mRNA
ACL CD56 mRNA 2-5
6) ACL
<5 pg/ml
D
3 2 4 PBMC
ACL PBMC
1 1.92 2 2.18
5.69 4 9.38 ACL
2-6
@)
ACL 2 3
PBMC ACL
2-7 2 3 4
CD4 CD8 CD4'CD§8 CD4 CD8"
CD4'CD8’
(3) CD56 mRNA
3 ACL CD56 mRNA 2-8
PBMC ACL CD56 mRNA
1 p <0.01 2 p <0.01
p <0.01
(499 ACL IFN-y
14 IFN-y ACL IFN-y
3 2-9
CM IFN-y
p <0.01
(5 ACL

27
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PBMC

3 ACL 1
CD4'CD8 CD4 CD8"
4 ACL 1
ACL 2 3
A 2-10

PBMC  CD56 mRNA

IFN-y 2-11 3
14 2 ACL IFN-y
ACL 2 1 49 ACL 4
IFN-y 3 49
70 ACL 1

50%

28

CD4 CD8

21



1,000

100

x 10’

x 10°

2-1. ACL

4 8 12 14
1.1 3.0x 10 2.2
PBMC 14
05 2.2x 10° 1.2
57 n 6
+ M+ SE
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80 OPBMC
70t - mACL
60 |
50 |
40 |
30 |
20 |
0 . . .
CD4 CD8 DP
2-2. PBMC ACL
PBMC ACL
n s M+ SE ACL  CD4CDS
DN CD4'CD§ CD4 CD8'
CD4'CD8" DP
CD4 CD8' * p<005

Hoshino 2008(b)
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80 - m100:1
m50:1
70 | 25:1
12.5:1
60
50
40
30
20
10
0
PBMC| ACL PBMC| ACL PBMC| ACL | PBMC| ACL
CMM-1 CMM-2 LMec CMec
2-3.
PBMC ACL
4 n
1 |
=100:1 M =50:1 =251 =12.5:1 PBMC ACL
ACL
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PBMC x 100
PBMC x 400

=50:1)

ACL

PBMC

ACL
Hoshino 2008(b)



50

40

30

20

CD56/GAPDH
]

10

PBMC ACL
2-5. PBMC ACL CD56 mRNA
PCR PBMC ACL CD56
MRNA ACL CD56
MRNA n=4
M+ SE
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100

10

(x 10)
1
O 1 1 1 1
0 4 8 12 14
2-6.
3 2 4
PBMC 14
ACL PBMC
n=3 M+ SE
ACL



100

A 2 oPBMC
mACL

80

* %
60 |
40 |
20 |
0
B 3

100
80 -

60

nl.

100
80 L * %
60
40 +
20 + *%
0 L L
DN CD4 CD8 DP
2-7.
ACL DN
CD4'CD§8
CcDh4'CcD8" DP
n 3 2 4
DN 4
CcDh4CDS8'
**  p<0.01 M+ SE
1

Hoshino 2008(b)
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oPBMC

**

5t mACL
* %
4 }
* %
3t
2 L
1t
0 1
1 2 3 4
2-8. PCR CD56 mRNA
PCR PBMC ACL CD56 mRNA
n 3 ACL CD56 mRNA PBMC 1
PBMC ACL CD56
MRNA 1 2
4 ** p<0.01 M+ SE

Hoshino 2008(b)
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16,000 ¢
14,000 *

12,000 t+

(pg/ml)

10,000 t+
8,000 t

6,000 t

IFN-y

4,000

2,000 t

2-9.

IFN-y
+ SE
ACL

2 3 4
ACL IFN-y
n 3 M
complete medium CM I FN-y
** p<0.01
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60 -

40 I “

% o0 |

A
i)
DN
42

DN

AV
AN
Vs

7 14 21 28 35 42 49 56 70

i) T ih)

ACL 2 ACL 3 ACL 4
2-10. PBMC
ACL
28 3 ACL 7
CD4'CD8 CD4CD8"
4 ACL 7
ACL 2
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16,000
14,000

12,000

(pg/ml)

10,000

8,000 r

6,000 |
zZ
L.
= 4,000 ¢
2,000
0 ' : \
0 7 14 21 28 35 42 49 56 70
i) i) ih) i)
ACL 1 ACL 2 ACL 3 ACL 4
2-11. IFN-y
IFN-y n 3 M+ SE ACL
i) 14 2 ACL IFN-y
21 ACL 2 1 49 ACL4
1 IFN-y 3
49 70 ACL
1 50%
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Itoh 2003
Ebina 1998
CD3 hr I1L-2 PBMC 14 NK
hr IFN-o. ~ hrIL-2
PBMC 14 574
14 ACL PBMC
CD4 CD8" CD4'CD8’ CD4 CD8"
CTL MHC class
Reinherz  Schlossman 1980 CD4'CD8"
CD4'CD§8 CD4CD8" von Boehmer
Fehling 1997
ACL
ACL Henkart
1994
MHC
MHC
MHC NK NKT
Bendelac 1997 Farag  Caligiuri 2006 NK CD4 CD8
Farag Caligiuri 2006 Lanier 1986
14 CD4 CD8
NK CD56 Takahashi 2006
ACL
NK CD56
NK
Itoh 2003 CD3
CD3" CD4 CD8"
NKT CD3" CD4'CD8"
Takahashi 2002 NK
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NKT

90% T % NK
Roussel 1990
ACL PBMC
ACL
CD4" CD8 IL-2 T
Mosman 1986 T
ACL |FN-y CD4 CD8"
4 ACL CD4'CD8"
3 4 1 CD4 CD8
CD4'CD8 CD4 CD8"
|FN-y CD4'CD8
CD4 CD8" IL-2  IFN-y
T NK
|FN-y Callan
2000 Chen 1986 |FN-y
IFN-y  NK Scott  Trinchieri 1995
ACL PBMC
|FN-y 49
ACL 2
3
3
CD56 PBMC

ACL PBMC
ACL CD56"
Bonkobara 2005
PCR CD56
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|FN-y PBMC
immunosuppressive acidic protein AP
Ebina
1998

o1

IFN-y

QOL
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hr IFN-o.

CD4'CD8

PBMC CD3 hr 1L-2
CD56 mRNA
PBMC
CD4 CD8’ I FN-y
CD3 hr 1L-2 hr IFN-o
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Wolfesberger 2006
QOL Ebina 2003

Tada 1990 Yamamoto
1995 Zou 1992

CD3" T Ebina 2001 Roussel 1990
2
CD4'CD8" IL-2 NK CD4CD8"
CD4'CD8
IFN-y  IL-2
QOL Ebina 2003
QOL



1)
2005 3 2007 9
9 10
31
2) ACL
10 40 ml 1
2 PBMC
CD3 75 e 1 3
2 ACL
ACL 2 4 4 12 3-2
3)
(1) PBMC
PBMC 14 ACL
(2) PBMC ACL
1 PBMC ACL CMec
2 3 RBA
(3) PBMC ACL
PBMC ACL
2
2
(4) PBMC ACL  CD56 mRNA
PCR PBMC ACL CD56 mRNA
PBMC  CD56 mRNA RNA cDNA
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PCR 1 5 6 7

(5) |FN-y
|FN-y |FN-y 2
5 Quantikine Canine IFN-y immunoassay
R&D Systems Inc.
(6)
ACL
ACL
1
4
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1)

2) PBMC
ACL

3)
PBMC

CD4'CD8

CD4CD8"

PBMC

CD4 CD8’

PBMC 3-3
1 2 1742  15.60
6 7 1 10
PBMC
3-2
ACL
PBMC ACL
PBMC ACL 3-3
PBMC ACL
ACL
3-4 ACL PBMC CD4'CD8
cD4*CD8"
1246 8 ACL
23 8 3-4
CD4'CD8 CD4'CD8
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4) CD56 mRNA
PBMC  CD56 mRNA

ACL PBMC CD56 mRNA
3-5
5) IFN-y
6 10 IFN-y 3-5
2 ACL IFN-y
3 ACL IFN-y 6
10 4 ACL IFN-y
6  ACL 2 IFN-y
6)
QOL ACL
ACL
3-6 2007 12 4
6 1 1 3
8 2007 12
9
10
QOL
2 7 2
5 ACL
48 4
3
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7)

ACL

51

3-7

DIC



3-1.

kg
1 GR* ¢ 7 36
2 GR* & 7 33 RT* PDT®
3 o 13 12
4 SB? ¢ 5 70
5 e 1 14
6 GR*' ¢ 6 44
7 o 12 8 PDT™®
8 WC® ¢ 9 9.4
9 GR* @« 11 294 A )'®
10 s 7 4.2
"1GR e "“4RT
"2 sB. ? L PoT
2w.c R

47



ACL

3-2.

ACL

12

2 RT/PDT

12

PDT 1

v

10
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3-3. PBMC

()

1 17.42 37

2 15.60 48

3 0.03 14

4 2.59 12

5 0.87 6

6 0.57 6

7 0.60 4

8 4.34 10

9 4.86 9

10 2.56 8

2007 12

PBMC PBMC
ACL

PBMC
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ACL1 3 n=3
50

40 |
30 |
(x 107)

20 +

10

50 B
ACL4 9 n=6
40 +

30 +

0 |

10 |

— 3

0 14
5 - C

ACL 10 12 n=3
40 t
30 +

(x 107)
20 +

10 +

3-1. 4

I+
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100 r

x 107
1

3-2. 6



100

80
60
40 +
20
0
100:1 50:1 25:1
3-3. 1 PBMC ACL
1 PBMC ACL
n=1 ACL
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OpPBMC
BACL

12.5:1



3-4. PBMC ACL

(%
DN Ch4  CD8 DP  CD4/CD8

1 pevMc 8623 1120 303 050 3.70
AcL  23.83 53.78 52.80 3043 1.02
2 pPBMC 6743 2873 4.07 022 7.06
ACL  23.63 43.83 4820 15.63 0.91
4 pBMc 4855 2408 2798 0.62 0.86
AcL 2880 2516 57.74 1258 0.44
5 peMc 3037 3390 3680 113 092
AcL 3010 4930 3343 1283 147
6 pMC 6270 26.70 1050 016 254
AcL 2570 39.60 48.00 15.30 0.83
8 pBMC 6154 2702 1278 134 211
ACL 1220 73.70 50.60 30.80 1.46
9 pMC 3728 2417 3863 0.08 0.63
AcL 2725 3442 4207 370 0.82
10 pBmc 3130 2763 4125 0.17 067
AcL 3112 44.00 3457 9.82 127

PBMC ACL
ACL DN
CD4*CD8 DP
1 2 46 8 ACL

CD4CD8*
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100

80

60

20

—e— DN
—e—CD4
CD8

DP

0 \—

1112 1126 1140 1155

100 -
80 |
60 |

40 |

|

1168 1176 1189 1203

1230 1266

100

80

60

40 |

20 f

57 71 85

A1)

3-4. PBMC

ACL il
CD4* CD8
ACL

113 127

& 9

ACL DN
CD4CD8*

57

141 190

i)



3-5. ACL CD56
MRNA

CD56 MRNA
1.53
3.57
1.10
1.45
8.56
1.22
2.88
1.83
3.07
1.30
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A basic study on clinical application of canine antitumor immunotherapy

using activated lymphocytes

Yuki HOSHINO

Laboratory of \Veterinary Surgery
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Sapporo 060-0818, Japan

Conventional tumor therapy, including surgery, radiotherapy, and chemotherapy,
effectively prolongs the survival time of tumor-bearing patients. However, critical
adverse effects frequently occur during conventional tumor therapy, disturbing the
quality of life (QOL) of these patients. Immunotherapy is therefore expected to be an
alternative therapy for accelerating antitumor immunity, while inducing less adverse
effects.

In tumor-bearing animals, the activation of spontaneous cellular immunity to
tumorous tissue is relatively limited, and this suppression of immune function is not
easily compensated even after the removal of the tumor mass. The induction of both
specific and nonspecific immunity, especially T cell function, isimperative for the
activation of antitumor immunity, which is suppressed in tumor-bearing animals.
Passive immunotherapy by administration of artificially proliferated effector cells that
are activated ex vivo is considered to be applicable for these immunosuppressed
animals. Activated lymphocyte therapy is atype of passive immunotherapy; it involves
sequential administration of autologous lymphocytes stimulated and cultured with
anti-cluster of differentiation (CD)-3 antibody and human recombinant (hr) interleukin

(IL)-2. The majority of these cultured cells are speculated to be CD3" T cells and
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natural killer (NK) cells, which can induce both specific and nonspecific immunity
against the tumor mass. It is essential to determine the optimum conditions for
lymphocyte culture and cell administration and to evaluate this method, which is not
yet well established.

The purpose of the present study was to establish the methodology for the
administration of activated lymphocyte therapy in tumor-bearing dogs and to evaluate
this therapy.

In the first part of this study, the dynamics of canine CD56" cells in peripheral
blood collected from healthy beagles were investigated. CD56 is considered to be one
of the markers for NK cells in human beings; thus, canine CD56 is expected to be a
candidate marker for canine NK cells. Quantitative polymerase chain reaction (PCR)
method was used to determine canine CD56 messenger ribonucleic acid (mRNA)
expression in normal tissues, peripheral blood mononuclear cells (PBMCs), and
stimulated lymphocytes. The highest CD56 mRNA expression was observed in the
brain. The CD56 mRNA expression in stimulated lymphocytes was higher than that in
PBMCs. To localize CD56 mRNA, in situ hybridization was performed. The number
of CD56" cells of stimulated lymphocytes was extremely higher than that of PBMCs.
CD56 mRNA expression in canine lymphocytes was considerably lower; most
lymphocytes were CD56 . However, in the lymphocytes activated by stimulated
PBMCs, both the CD56 mRNA expression and the number of CD56" cells increased.

In the second part of the study, PBMCs collected from clinically healthy dogs
were activated using anti-CD3 antibody and hr IL-2 and reactivated using hr interferon
(IFN)-o. and IL-2. The properties of the cells thus obtained were analyzed in order to
investigate the adaptation of canine activated lymphocyte therapy. In the obtained cells,

the proportion of CD4*CD8 cells and CD4 CD8" cells was significantly increased; the
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cytotoxicity of the cultured cells was reinforced; and CD56 mRNA levels tended to be
increased. These cells were confirmed to be activated lymphocytes. Furthermore, we
investigated the effects of sequential administration of these cells in healthy dogs. This
sequential administration was shown to increase the cell proliferative activity of
PBMCs, the proportions of CD4"CD8’ cellsand CD4 CD8" cells, and the serum IFN-y
concentration; no severe adverse effects were observed. We concluded that activated
lymphocytes could be administered to healthy dogs, and sequential administration of
these cells reinforced the recipient’s immunity.

In the third part of the study, autogenous activated lymphocytes, which were
activated in the second part of the study, were sequentially administered as an adjuvant
antitumor therapy to 10 dogs with spontaneous malignant tumors, in Veterinary
Teaching Hospital of Hokkaido University. Peripheral blood lymphocytes from
tumor-bearing dogs were proliferated and activated for 14 days in culture. After
sequential administration of these activated lymphocytes, the proliferation activities of
PBMCs, proportions of CD4"CD8’ cells and CD4 CD8" cells, and serum I FN-y
concentration increased in some cases. The general conditions of all 10 patients
remained stable, and the patients were comfortable during the entire period of
lymphocyte administration. The owners of these dogs considered this new concept of
antitumor therapy acceptable. This shows that the QOL of these tumor-bearing dogs
was maintained in arelatively favorable state, with no evidence of any adverse effects.
Activated lymphocyte therapy was therefore thought to be applicable and effective as
an adjuvant antitumor therapy; moreover, it maintained the QOL in immunosuppressed
tumor-bearing dogs.

In conclusion, CD56" cells existed in canine peripheral blood, and these cells

proliferated during the process of activation to lymphocytes. Expression of canine
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CD56 mRNA possibly indicates the activation of lymphocytes. The conditions of
activation of lymphocytes were then optimized, using anti-canine CD3 antibody, hr
IL-2, and hr IFN-a in healthy and tumor-bearing dogs. Sequential administration of
these activated lymphocytes was an applicable and effective therapy for tumor-bearing

small animals with immunosuppression induced by malignant tumors.
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