Effect of life style on the development of tumor cellsin

rats from a preventive point of view
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(N. Hosokawa & H. Kobayashi  1982)
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n= 210+ 10

25t 3 55t 10 9 2 12

EQ#S5LE65 Japan SLC., Inc.
2-2-2 SST-2
HR
SST-2 (K. Okamoto & K. Aoki, 1963) SST-2 7.4 Fed Bovine Seum FBS

MBL Co., Ltd., Jgpan RPMI-1640 Nissui Pharmaceuticd Co., Ltd.,, Japan CO, Incubator

MODEL s-5020 SHOWA KAGAKU, CO,=5 0.25% trypsin
/ 002% EDTA 27 10 cdlgml, 1”10’ cellgml, 5
10° cellsml, 2~ 10° cellgiml, 1~ 10 cdlgml, and 5~ 10° cdlg/ml 0.9
SST-2 100ul  Control 09
2
2-2-3
Control 0.9 100u |

Groupl 5 10° cdlgml=5" 10 cellgrat
Group2 17 10°cdlgmli=1" 10 cellgrat
Group3 27 10° cdlgml=2" 10’ cellgrat
Group4 5 10° cellml=5" 10’ cellgrat
Group5 17 10 cellgml=1" 10° cellgrat

Group6 2 10 cellgml =2~ 10° cellgrat

2-2-4
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100g

Nembuta (Dainippon Pharmaceutica Co., Ltd., Japan)
(Sysmex 820 ToaMedicd Electron Inc., Japan)

count May- Giemsa

74 FBS RPMI
LympholyteRat  Cedarlane Lab., Ltd., Canada
1000~1500 G 20 min PBS
800G 10min 10 FBBS RPVI 3x 16
cdlsgm| 96 wdl micro plate  100ul

37°C 5% CO, incubator 72

Mitogen concanavdin A (ConA  0.125ng/ml)  phytohemagglutinin (PHA  1ng/ml)
lipopolysaccharide (LPS  0.53ng/ml) pokeweed mitogen (PWM  0.26ng/ml)
72 Cdl Counting Kit (Daojindo Lab., Japan)

(%) = [(Stimulation Test — Spontaneous) / Spontaneous] = 100.
NK
74 FBS RPMI
LympholyteRat  Cedarlane Lab., Ltd., Canada
1000~1500 G 20 min PBS

800G 10min 5 FBS RPMI 5¢ 1¢°
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cels/m | Effector Cdls Target Cdls NK
YAC-1 SST-2 2 74
FBS RPMI 5x< 10° cdlsml Taga Cdls
Effector Cells  Target Cels 100u | 96 mycro plate
NK CytoTox96 Non-Radioactive Cytotoxicity Assay Promega LDH
(G. Konjevic V. duisc & |. Spuzic  1997) Cytotoxicity
LDH LDH
Cr (T. Matsuoka
1989) Cytotoxicity
Cytotoxicity =[(Sample — Effector Spontaneous — Target Spontaneous)
/ (Target Maximum — Target Spontaneous) ]~ 100.
E Traio 100 1
( & 1999)
NBT
20P 5
0.2%NBT SgmaChem.Co,S.LousMO -40
1 100 O NBT
formezan
1976 famezn
NBT 0y 0)
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Fig. 1 Dose effect of SST-2 inoculation on the tumor growth in SHR rats.

Rats were subcutaneoudly inoculated 5° 10°,1° 10°,2° 10°,5° 10°,1" 10°,and2 " 10 of SST-2
tumor cdlls, in Group 1, Group 2, Group 3, Group 4, Group 5, and Group 6, respectively. After 2 weeks,
the fixed tumor was weighted, and the weight was expressed per 100 g body weight of rat. Wet weight
of the tumor was expressed as mean + SE. *Indicates significant difference between groups (Fisher's
post hoc test, p < 0.05).

2-3-2
Tade-1

Group4

Table-1 Haematologicd parameters of SHR rats inoculated with SST-2 tumor  cdls
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Group Control Groupl Group2 Group3 Group4 Group5 Group6

Totd Ieukocytes 54.0+ 20.8 50.0+ 24.7 69.0+ 20.6 45.0+ 14.1 69.0+ 184 77.0+ 18.1* 72.0+ 45.0
(10%p 1)

Lymphocytes 320+ 139 364+ 124 40.8+ 15.1 248+ 7.8* 350 126 29.7+ 84 229+ 7.9
(20%p 1)

Neutrophils 122+ 42 125+ 99 201+ 103 133+ 6.7 357+ 19.87 404+ 1401 408+ 30.7F
(20%p 1)

Monocytes 83+ 4.2 9.0+ 29 83+ 1.9 6.1+ 2.6 10.4 + 4.9* 93+ 37 6.3+ 3.3
(20%u 1)

Eosinophils 12+ 07 1.2+ 0.8 05+ 05 08+ 06 1.5+ 1.0 16+ 1.6 05+ 07
(10%p 1)

Vdues are means + SE. Significant difference was observed in lymphocyte numbers between Group
2 and Group 3. In other cases, sgnificant differences compared with the vaue of control group are
indicated as* p<0.05, T p <0.01 (Fisher's post hoc test).

2-3-3
4 Fig.2
Groupl Con. A PWM  Groupl
Group2 Groupb
PHA LPS Groupl Group2 Group3 Group4
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Fig. 2 Lymphocyte blastogenic response is enhanced by the small dose of SST-2 inoculation to
SHR rats. Splenic lymphocytes were stimulated by Con A; 0.125ng/ml (A), PHA; 1ng/ml (B), LPS;
0.53my/ml (C), and PWM; 0.26ngy/ml (D) for 72 hours. Blastogenic response was expressed as mean +

SE. *Indicates significant difference between groups (Fisher's post hoc test, p <0.05). T Indicates
significant difference between groups (Fisher's post hoc test, p <0.1).

2-3-4 NK
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2 (Fig3) YAC-1
SST-2
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Group3 Group4 Group6
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Fig. 3 Smal dose of SST-2 inoculation enhances NK cdll activity againgt SST-2 cells but not
agand YAC-1cdls.

Invitro killing activity of splenic NK cellsagaingt SST-2 cdls (A) and YAC-1 cdls (B) was messured
by LDH release assay. In both target cdls, the activity was lowest in Group 3 that was the minimum
dose required for the tumor growth (Fig. 1), and the activity was increased in Group 5 compared with
the Group 3. In smdl doses of the inoculation (Group 1), the activity was enhanced only againg the
SST-2 but not againg the YAC-1. NK cdl activity was expressed as mean + SE. *Indicates sgnificant
difference between groups (Fisher’'s podt hoc test, p <0.05). T Indicates sgnificant difference between
groups (Fisher’s post hoc test, p <0.1).
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Fig.4 Dose effect of SST-2 inoculation on O,™ production of neutrophil in SHR by the rest test.

NBT was reduced by O, that was generated from neutrophils, and it formed the blue-black formazan
depodits in cytoplasm. NBT score as measured by the sum of formazan deposits was evauated as O,
production of neutrophil in case of non- simulation. The score was expressed as mean = SD. **and *
indicates sgnificant difference between groups (FHsher's post hoc tegt, **; p < 0.01 *; p < 005, T
p<0.1).

Oy
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Fig.5 Effect of SST-2 tumor cells inoculation on @ production of neutrophil in SHR by the
gimulation test.

Twenty-five ul of blood and an equa volume of NBT in PBS with the Siaphyiococcus aureus 209P (2
x 10° cfu/ml) were mixed and reacted. NBT score as measured by the sum of formazan deposits was
evaduated as O, production of neutrophil in case of simulation. The score was expressed asmean + SD.
**and * indicates sgnificant difference between groups (Fisher's post hoc test, **; p < 0.01 *; p < 0.05;
t p<0.1).
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Fig.6 Effects of inoculation of SST-2 tumor cells on phagocytosis of the neutrophil in SHR by
the stimulation test.

Staphylococcus aureus 209P (2« 10° cfu/ml) was used as microbes. Twenty-five ul of blood and an
equd volume of NBT in PBS with the foreign agent were mixed and incubated. Microbe particles were
counted in 100 neutrophils under microscope and, it wasevauated as phagocytotic ability of neutrophil.
Average number of the particles in a cdl was expressed as mean + SD. **and * indicates sgnificant
difference between groups (Fisher’s post hoc test, **; p<0.01*; p<0.05; T p<0.1).

o5
(T.Kuriyama, K. Machida & K. Suzuki  1996)
O, Fg.7 Control =
0.832, p<0.01 Groupl r=0.952. p<0.01  Group2
Group3
Group4 =
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Fig. 7 Correlation between O, production and phagocytos's of the neutrophil function in SHR

rats inoculated SST-2 in 6 groups.
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Fig.l
2x 10°cellsrat 100%
2 10cdlgrat
(T. Masuoka N. Takeichi & H. Kobayashi 1987)
SST-2 2x 10°cellslrat
SST-2 Criticd point SST-2
MHC I
T (K. Tongka T.
Yoshikawa C. Bieberich& G. Jay 1988) MHC I
T (RS. Goodenow,
M Vogd & RL. Links  1985) T ST-2
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( & 1991)
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MHC I MHC I
NK (K. Karre H. Ljunggren G
Piontek & R. Kiesding 1986) NK
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1996)

V. Sefanski & H. Engler, 1998
(M. Tuchscherer, E. Kanitz, W. Otten
& A. Tuchscherer, 2002) NK
(RB. Herberman 1982 N. Kawarabayasgu S. Seki K. Jatsuse T. Ohkawa

Y.Koke T.Aihara Y. Habu R.Nakagawa K.Ami H. Hiraide & H. Mochizuki  2000) NK

(AS Gauchez, J. Riondd, T.

Fernandes-Carlos, M. Jacrot, P. Guiuhiko Machida 2003)
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3-2-1

SC 12 Spontaneous Hypertensve
Rat HR 20 20x 25 cm KN-646B
1 286+ 10
25t 3
55 10 9 21 12

EQASL65; Japan SLC, Inc.

3-2-2 SST-2
HR
SST-2 (K. Okamoto, et al., 1963) SST-2 7.4 Fetd Bovine Seeum FBS MBL
Co., Ltd., Japan RPMI-1640 Nissui Pharmaceutica Co., Ltd., Japan  CO, Incubator  MODEL
s5020 SHOWA KAGAKU, CO,=5 Trypsn/ EDTA
0.9 10’ celgml

SST-2 100 ul 2
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SideB

A gridsfor foot shock
A transparent plate

A rubber pad

Side A

Fig. 1 Desgn of acommunication box.

Rats of the physicad stress group (Ph.) in the Sde A were exposed to foot shock stress 10 sets (1set:
dress, 25V / 5sec., rest; 55 sec.). Ras of the psychologica stress group (Ps) were put in the Sde B
separated by a trangparent plate. They were not given a direct foot shock but in saw the physicaly

distress rets that receives a foot shock. These stress sessions were loaded 7 times during the 2 week
experimentd period.

2-2-3
Communication Box( & , 1963 1984)
Fig.l
13.5¢ 135 x 15 cm 20
10 gid A
10 B A
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A 1=
2? 3V,5 / reg, 55 10 Ph.
B
Ps.
3-2-4
2
2 Communication Box
2
2 APnh
n=12 APs n=12
BPh. n=12 B.Ps. n=12
Control n=12 Normal
n=12 6 Fig.2
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acclimatization

iy !

Control — I 1
21 days
Tumor inoculation Sacrificed
acc”iaiiionv‘ load of physical stress 7 times ¢
B.Ph. | | i
0 7 21 days
Tumor inoculation Sacrificed
Mi% load of psychological str&ss?tim%¢
B.Ps. — I i g
0 7 21 ay's
Tumor inoculation Sacrificed
Mi% load of physical stress 7 times ¢ +
A.Ph. | | | I
0 7 21 35 days
Tumor inoculation Sacrificed
accli% load of psychological stress 7 times ¢ +
APs. - | | |
. . | | | | d
0 7 21 35 O&ys
Tumor inoculation Sacrificed

Fig.2 Schedule of conditioned physical and psychological stimuli in combination of tumor
inoculation.

Communication box was used for dress loading, and stimuli were repeated 7 times during the
twoweek experimenta period. Rats exposed to dectric foot shock were the physicd stress group (Ph.),
wheress rats in the psychologica stress group (Ps.) were in the conditions seeing Ph. rats distressed by
the shock. The groups, B.Ph. and B.Ps., were tumor inoculated before the stress exposure, wheress the
groups, A.Ph. and A.Ps., were tumor inoculated after the stress exposure.
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3-3

3-3-1
Fig.3 B.Ph.
Control p<0.05 B.Ps. B.Ph. p<0.05
A.Ph.
APs A.Ph. A.Ps Control
p<0.01 APn. B.Ph.
p<005 A.Ps. B.Ps. p<0.05
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Fig. 3 Effects of physical and psychological stress on SST-2 tumor growth in SHR.
All rats were subcutaneoudy inoculated with 1~ 10° SST-2 tumor cells. After 2 weeksof inoculation,
the fixed tumor was weighted, and the weight was expressed per 100 g body weight of rat. Wet weight

of the tumor was expressed as mean = SE. **and * indicate sgnificant difference between the groups
(Fisher's post hoc test, **; p < 0.01 *; p< 0.05).
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Contral
FHogd, A
B.Ph.

B.Ps.

B.Ps.
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mitogen Fig.4
A Con.A Control
Control B Con.A
Control p<0.05, p<0.01
B.Ph. (p<0.01) APs
(p<0.01) PHA APs Control
Fig4, B, p<0.05
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Fig. 4 Effects of physicad and psychological stress on lymphocyte blastogenic response in
SHR.

Splenic lymphocytes were stimulated by Con A; 0.125ng/ml (A), PHA; Ing/ml (B), LPS; 0.53nmgy/ml
(©), and PWM; 0.26ng/ml (D) for 72 hours. Data were expressed as mean + SE. **and * indicate
significant difference between groups (Fisher’s post hoc test, **; p <0.01 *; p < 0.05).
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3-3-3 NK
p<0.01
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FACS NK
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Fig.5 Effects of physical and psychological stress on NK cdll activity againgt SST-2.

Invitro killing activity of splenic NK cdls against SST-2 cells was measured by LDH release assay.
Data were expressed as mean + SE. *indicates sgnificant difference between groups (Fisher’'s post hoc
test, p <0.05). tindicates significant difference between groups (Fisher’s post hoc test, p <0.1).
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3-3-4

Ph Ps Normad
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Fg.6
1 —
0.8
e | | **
% 06 - T "
Z L
8 :
= L
=
.E' 04
d" L
0.2 +
0
Normal Ph. Ps. Control B.Ph. B.Ps. A.Ph. A.Ps.

Fig.6 Stress effectson O, production of neutrophil in SHR by the rest test.

NBT wasreduced by O, that was generated from neutrophils, and it formed the blue-black formazan
deposits in cytoplasm. NBT score as measured by the sum of formazan deposits was evauated as O,
production of neutrophil in case of non- simulation. The score was expressed as mean = SD. **and *
indicates significant difference between groups (Fisher's post hoc test, **; p < 0.01 *; p < 0.05).
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M wirihe rof interace lular Staphvlococsus 209F ¢ particles foelly
—

Normal Ph. Ps. Control B.Ph. B.Ps. A.Ph. A.Ps.

Fig.7 Effect of stress and inoculation of SST-2 tumor cells on phagocytosis of the neutrophil in

SHR by the simulation test.

Saphylococcus aureus 209P (< 10° cfu/ml) was used as microbes. Twenty-five pl of blood and an
equd volume of NBT in PBS with the foreign agent were mixed and incubated. Microbe particles were
counted in 100 neutrophils under microscope and, it waseva uated as phagocytotic ability of neutrophil.
Average number of the partides in a cdl was expressed as mean + SD. **and * indicates sgnificant
difference between groups (Fisher’s post hoc test, **; p <0.01 *; p < 0.05).
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Fig.8 Effect of stress and inoculation of SST-2 tumor cells on O, production of neutrophil in

SHR by the simulation test.
Twenty-five yl of blood and an equa volume of NBT in PBS with the Saphyl ococcus aureus 209P (2x

10° cfu/ml) were mixed and reacted. NBT score as measured by the sum of formazan deposits was

evaluated as O, production of neutrophil in case of gimulation. The score was expressed asmean + SD.
**and * indicates significant difference between groups (Fisher’ s post hoctes, **; p<0.01*; p< 0.05).
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Fig. 9 Correlation between O, production and phagocytosis of the neutrophil function
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Fig.1 Schedule of conditioned exercise and tumor inocuation.

Sedentary groups could not do exercise because of living in asmall room. Treadmill groups lived in a
smdl room, and they had just got out the room when doing exercise by treedmill machine for rat.
Treadmill exercise was exposed 30min./day for two month. Voluntary exercise groups lived in a small
room with rotation cage (1m/1round). Rats could do exercise whenever they want to. We record the

distance 2 daysin aweek.
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Fig.2 Effect of exercise on growth of SS-2 tumor in SHR rats.
All rats were inoculated sc. with 1x 10° SST-2 tumor cdls/rat. After two weeks tumor cells

inoculation, the tumor fixed on rats were weighted and calculated as

Tumor wet weight

Tumor (Q) =
100g body weight

Wet weight of tumor is expressed as meart: SD and datisticaly significant between each groups are
represented asfollows,  ; p<0.05, p<0.01.
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4-32

Table 1 Body massin al rats before and after tumor inoculation

_ tumor tumor tumor
Group sedentary treadmill voluntary sedentary treadmill voluntary
Initial body mass 3509 + 249 3346+ 231 3322+ 333 3539+ 186 3310+ 161 3352+ 268
@
Fina body mass 3445 + 264 3278+ 254 3479+ 223 3527+ 196 3323+ 158 3569+ 16.3

©

Body mass was expressed as meant SD. There are no significant differencesin al groups.
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4-3-3

p<0.01

p<0.05

p<0.05

p<0.05

p<0.01

NK

Table 2 Haematologica parameters of SHR rats inoculated with SST-2 tumor  cdlls

tumor tumor tumor

Group sedentary treadmill voluntary sedentary treadmill voluntary

Total leukocytes 43.75+ 377 4420+ 854  59.00+ 894 12483+ 887 9342+ 945 9645+ 862
(1% 1)

Lymphocytes  18.99+ 3.46 16.82 + 378 2416+ 433 2741+ 331 2381+ 4.71 21.78 + 2.49
(1% 1)

NK cdls 2.92 + 0.46 255+ 0.52 401+ 0.77 4.01 + 0.46 3.46 + 0.74 349+ 0.49
(104 1)

CD8+ T cdls 399 + 085 255+ 0.74 3.88+ 0.87 452+ 0.85 352+ 1.00 3.63+ 0.67
(10 1)

Neutrophils 1973+ 160 2240+ 462 2740+ 451 7741+ 592 6075+ 655 5874+ 7.93
(10 1)

Monocytes 433+ 048 482+ 091 6.86 + 1.24 1441+ 2.16 818+ 1.20 11.28 + 2.47
(10 1)

Vdues are means £ SE. Significant difference was observed in lymphocyte numbers between tumor

inoculation group and normal group each condition.
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Fig.3 Effect of exercise on NK cdl activity againgt SST-2 cedllsin SHR tumor inocul ated.

After two weeks tumor cells inoculation, the in vitro killing activity of soleen NK cells againgt SST-2
cdls was measured by means of 4 hours LDH release assay. Effector: target retio was 100: 1. % of NK
cell activity is expressed as meartt D and Satigticaly sgnificant between each groups are represented
asfollows, ; p<0.05, p<0.01.
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Fig.4 Effect of tumor growth onNK cdll activity against SST-2 in SHR was different in kind of
EXercises.

% of NK cdl activity is expressed as meant SD and datidticaly sgnificant between tumor
inoculated group and without tumor group are represented as follows, T p<0. 1, ; p<0.05.
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Fig. 5 Correlation between the tumor growth and NK activity against SST-2 in SHR inoculated
SST-2 groups.
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Fig.6 Exercise and inoculation of SST-2 tumor cdls effect on O, production of neutrophil in
SHR by the rest test.

NBT wasreduced by O, that was generated from neutrophils, and it formed the blue-black formazan
depodts in cytoplasm. NBT score as measured by the sum of the degree of formazan deposits was
evaduated as O,” production ahility of neutrophil in case of non simulation. The score was expressed as
mean+ SD. **and * Indicates Sgnificant difference between groups (Fisher's post hoc test, **; p < 0.01
*: p < 0.05).
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Fig.7 Exercise and inoculation of SST-2 tumor cells effect on O,” production of neutrophil in
SHR by the simulate test.

25 pl of blood and an equa volume of NBT in PBS with the Saphylococcus aureus 209P (¢ 10°
cfuwml) were mixed and reacted. NBT score as measured by the sum of the degree of formazan deposits
was evauated as O, production ability of neutrophil in case of simulation. The score was expressed as
mean + SD. **and * Indicates significant difference between groups (Fisher’s post hoc tegt, **; p < 0.01
*: p<0.05).
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Fig.8 Exercise and inoculation of SST-2 tumor cells effect on phagocytosis of neutrophil in
SHR by the gimulate test.

Saphylococcus aureus 209P (2« 10° cfu/ml) was used as the foreign agent. 25 pl of blood and an
equd volume of NBT in PBSwith the foreign agent were mixed and reacted. It counted foreign agents
which were captured in a cell aout 100 neutrophils and, it was evaluated asthe ability of phagocytoss
of neutrophil The particles in a cdl was expressed as mean + SD. **and * Indicates Sgnificant
difference between groups (Fisher’s post hoc test, **; p < 0.01 *; p < 0.05).
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Fig. 9 Corrdation between on O, production and phagocytosis of the neutrophil function in
SHRrats.
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