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Effects of Mitomycin—C, Cisplatin, and Vinblastine
on Natural Killer Cell Activity in Mice

Heon Joong Kang, Kwang Hyuk Kim', Hyun Yul Rhew,
and Kun-Young Park?

Departments of Urology, 'Microbiology, Kosin Medical College, Kosin University
Pusan 602-702, Korea, ZDeparfmem‘ of Food Science and Nutrition,
Pusan National University, Pusan 609-735, Korea

Natural killer (NK) cells play a central role in immune surveillance against tumors and
viral infection. In this study, we investigated the effect of various clinically used
chemotherpeutic agents on NK cell activity. Splenic mononuclear cells from healthy
normal mice, C57BL/6, were tested for their cytotoxic activity /n wvitro in the presence
of mitomycin C, cisplatin, and vinblastine used for treatment of urologic tumors. Also,
normal mice were intravenously injected with these agents for /n vivo tests. Using MTT
assay, natural killer (NK) cell-mediated growth inhibition of tumor cell was measured
in normal and agents—exposed groups. Non—adherent splenocytes of normal or agents—
exposed groups were cultured with Yac—1 cells at two different effector/target (E/T) cell
ratios of 200/1 and 100/1 in an assay volume of 0.2 ml. After the optical density of
culture wells containing MTT solution was measured at a wavelength of 540 nm, the
percentage of dead cells relative to the control target cell number was calculated.
Mitomycin—C and cisplatin suppressed the NK activity of mouse splenic mononuclear
cells /n vitro, whereas vinblastine enhanced or suppressed its activity according to doses
with showing enhancement at 1.0 and 10.0 yg and suppression at 0.1 ug. In mice
injected with these agents, mitomycin—-C and cisplatin enhanced the NK activity by twice
injections, vinblastine by once and three times injections. In contrast, its activity was
suppressed by once injection with mitomycin—C or cisplatin, and by twice injectons with
vinblastine. Therefore, the NK cell activity by exposure with anti-tumor agents shows
differences according to kinds and doses of drug, and injection number /n vivo. It was
concluded that vinblastine had a higher effectiveness than mitomycin—C or cisplatin by
showing augmentation of NK cell activity both in vifro and in vivo.

Key Words: Natural killer cell activity, Cisplatin, Mitomycin—C, Vinblastine, C57BL/6
mouse
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1) EMM =z FH|

NKM Zof st EFAM Z(target cell, TC)ZM= of
A T lymphoma Feiel MEZEFQl Yac-1MZE 25
cm? Z2lAE Z2lAF(Falcon, Oxnard, U.S.A.)olAM
10% <Efor& H(fetal calf serum, FCS, Boehringer
Mannheim, Mannheim, Germany), 2 mM
L-glutamine (Gibco, Grand lIsland, U.S.A.), 100 IU
/ml penicillin, 100 mg/ml streptomycin, 0.25 ug/mil
amphotericin B (Gibco, Grand Island, U.S.A.)& =
&tAI1Z1 RPMI 1640 BiX|(complete RPMI 1640)2 £
7 B Al RX|SHACE

2) OffA H|EMZS Zi

O A(C57BL/6) HIEAMZ| Z2l& &4
0f S|MA|ZI DIRAZRE H|EE 04X
0{ 4°Ce Hank's balanced salt solution (HBSS,
Gibco, Grand Island, U.S.A.)22 23| MX3stCt
Ol &4 60 mme =AY FAl(Costar,
Cambridge, U.S.A.)oll &7|1 CiA| MMEH HBSSE
tst = HASZ i 2P HFMEE [eAMH
Ch ol M= BERHS 15 m| M2
USA) g2 = 27

HE 27U 45U A
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2 322 Melst
8+ ct.

tris—buffered 0.87% NH.CIZ
HBSSZ 23| 24l M= 5}0q AF

o

(1) P&k opeaol 2SMxE: otf20lM 22[E b
ZHZ F7Y ol =3 =

AHstz| 95k opeA HIFMEE com

plete RPMI
1640t |0l £FAIZ] CFS i 7)ol 1A|ZH SO %]
st AlZto| ZAztEl & non-adherent cell2hS 71

5l0d ZSAM Z(effector cells, EC)2 AFESIRACH

(2) M2 jn vito =&: O0IfA H|EMIZLE
non—adherent cell2te £75t0{ 2x10° MZ/mIZ Al
ESsTE XS CI2 Mz 7Y% mlE PBSO S0
mitomycin—C (§t=FLI0|E|EH 2, $H=), cisplatin
(2&H ek, 5h=), vinblastine (8h=FL0|E| =X of, St
=)& 0.1, 1.0, 10.0 ug = 7t5t0f 2A|2H St =&
AZich Alzto] ZotEl £ Mz S PBSZ 33 A A
H35to] ECZ AEsIolch

(8) AlE2S| jn vivo =&: M E OjRA EZUZE §F
0{A|7] ¥ H|EES E22[5t0] H|EMZ & 5

Y2 MY[e st A9

S =0

I> rIF

& mitomycin C 14 ug, cisplatin 14 pg, vinblastine
25022 50 Ma|MMo| F0{51% 20 1, 2, 33
£0| 2o LI0f 13 £0f 22 1o, 28] £0f 2

m

2 192 32dof, 38 £0f 22 12, 3Y, 520] AlZ
g Sofsiict ul@el Fals 7of AlWslict tx
2 2 2 NEZe| opea 4E 100j24 02 F%ch

4) HIZET MafAl

e

Effector/target cell ratio (E/T ratio)= 200 : 1
100 : 12 3IACE 96 wells microplateS AFE3t
wellg TCe| =& 1,000704 &F(50 st chS EC
7[5t vl g0l Fotol B 25 (50 u)otct. =
o2& Zt MEzskel ECTHe| ufQf, TCTHe| ik O
2|10 v X|2tef ui 2k well &S "HIoFmEP ALEEiX| 2
= complete RPMI 1640t X0l 2-mercaptoethanol,
10° M8 F7t5t0 Ztz2to|  AE2
triplicate2 Aldstct 2F7F 2k2& plate= 5%
CO,, 37°C 12|21 £8% 557t RXAI=D Qe it
700l 4 S0t wi kst 42 vf ek =of plate2l 2t
wellof MTT (PBS 1 ml & 5 mgel 3-(4,5-
dimethyl-thiazol-2-yl)-2,5-diphenyl-tetrazolium

(=)
I

=N FLIIFLI

bromide) 10 yg4 & % 3H_’ 4. 5A|ZF F7} b 25t
ok AlZbo] o=l & 10 S S 0.02M HCIOH 254l
NS wello Xst5t0] Al23} et =710l A SIRE Hhx|

StCE Optical density (OD)E microplate reader
(Model 550 microplate reader, Bio—Rad, Richmond,
U.S.A.)Z 0|25}0d 540 nmollA SX 31t ODollA
LIEtE =X Z2E % dead cell (% D)2 ch33t &2
Alo28EH MEUC

oD effector+target — Oob effector
% D=(1- %100
oD target oD blank

MSIMME g Fc BEF+EFHAZ LIE oo
2t #7to| EAEHM AFol= Student's t-testE AlS
St Pgrol 0.05 ojoted o oo U= A= ZHFSIA
ct.

2 o}
1) In vifro AI2=Z0| U2 0ffA9l NKM ZEA

HAolRAol H|EMEZO mitomycin CE &AIZ

ol

% LIEfLHE NKMZ 2N e H] =& 20l tf = o v|3}
3 A2 M in vitrool Mol A2 o oSt
Mol HMsIE LIEH4CE &, NKMEZEM2
E/T ratio 200/10lM mlE A|Z2E 0.1, 1.0, 10.0 ug
AEAZAHS f 22t 29.93, 30.69, 23.29%=S LtERAH
ooy i =0 ME 44.46%2 LIERICE E/T ratio
100/10 M= Z2 doseodll 2laiM 0.62, 13.15,
15.89%5 LIEMd mf Cci=Zo|lME 21.92%S LIEHY
CHP<0.01)(Fig. 1).
HMAtopRAol H|EMZO cisplating &EAIZ &

LBt NKMZE#Y2 H| &2 tHxToll B]5hod
s HACRM in virodll M el AlZ-Zof 23 NK

MEgMo XstE e 5, NKMEZM2 E/T
ratio 200/10IM mIE AI2E 0.1, 1.0, 10.0 ug &2
AZiE mf 242} 34.86, 25.96, 25.55% S L}EHA Hiod
=R ME 44.46%5 LIENACE E/T ratio 100/10]
ME 22 dosedll 23§ 9.38, 13.42, 4.39%E LIE}
Y om  EZoME 21.92%E2  LIERHCHP
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Fig. 1. NK cell mediated cytotoxicity in mitomycin—-C—
exposed effector cells at the effector/target cell ratio of
200/1 and 100/1. Values shown are meanststandard
deviations for triplicate cultures, which were assayed in
duplicate. **P<0.01 compared with control.
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Fig. 2. NK cell mediated cytotoxicity in cisplatin—exposed
effector cells at the effector/target cell ratio of 200/1 and
100/1. Values shown are meanststandard deviations for
triplicate cultures, which were assayed in duplicate. **P
<0.01 compared with control.

<0.01)(Fig. 2).

YAofRAo H|HMEZ vinblastineE tEAIZl =
LIEILbE NKMZE4A2 doseol wal ] =&7Ql of
=20 H|5H0] ZIF 22 LAAE HASEM in vitroo|
Me| AlZ=Zof 2§t NKMZZMo| mitomycin C2F
cisplatinZt= Ct2 2AZ HCH =, NKMZgH2
E/T ratio 200/10lA mIE A|2E 0.1, 1.0, 10.0 ug
A S o 242 26.37, 57.94, 67.61%S LtEHA
gt i =M= 44.46%S LIEFHCE 100/18 E/T

=
=
S

Il E/Tratio, 200/1
707 1 E/Tratio, 100/1 ok
604 *k
50
40

* %

30 **
20
* %
10 1 ’1‘
0 -
0.1 1 10
Vinblastine (ng)

MK activity (% dead cells)

Control

Fig. 3. NK cell mediated cytotoxicity in vinblastine—
exposed effector cells at the effector/target cell ratio of
200/1 and 100/1. Values shown are meansztstandard
deviations for triplicate cultures, which were assayed in
duplicate. **P<0.01 compared with control.

60 ol Bl E/Tratio, 200/1
. [ E/Tratio, 100/1
2 50+
[
[&]
T 40+
g *%
& 30+ x Kk
2
; 20 *k
&
A i *%*
2 ol [ ﬂ

O_ T T T

1 2 3 Control

Administration No. of mitomycin C

Fig. 4. NK cell mediated cytotoxicity in mitomycin—-C—
exposed mice at the effector/target cell ratio of 200/1
and 100/1. Mice were i.v. injected with 14 pg of mitomy—
cin—C. Value shown are meanststandard deviations for
triplicate cultures, which were assayed in duplicates. *P
<0.05 and **P<0.01 compared with control.

ratiodlM= 22 dosedl 23lAM 12.67, 20.00,
34.32%5 LIEP f cH=ZoAM= 21.92% 5 LIEM
CHP<0.01)(Fig. 3).

2) In vivo N2 -Z0|| 2 DlRASl NKM ZEN

In vivor "ol HaoleAol mz| Huz
mitomycin CHE FAISH Fof| 222 v|ZN 2T}
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Hl E/Tratio, 200/1
[ E/Tratio, 100/1

40
30
20
10
0

Administration No. of C|splat|n

50 *

MK activity (% dead cells)

Control

Fig. 5. NK cell mediated cytotoxicity in cisplatin—exposed
mice at the effector/target cell ratio of 200/1 and 100/1.
Mice were i.v. injected with 14 ug of cisplatin. Value
shown are meansxstandard deviations for triplicate
cultures, which were assayed in duplicates. *P<0.05 and
**P<0.01 compared with control.

Ell= NKMZEME Al2e| LEHIZo| e xfo|2
27| lsto 13|, 23], 33 F0o{ ZF22 LI50{ Algst
QCh =M E A|ZZD OfEJIX| 2 PBSEHS Al
29| cEblzel S Foistod A[HEHSIICE HA,
E/T ratio 200/10lA1 mitomycin C, 14 yg= 1, 2, 33|
Foist FolM= HE 2, 42.65%01 H|8t0] 32.18,
58.44, 23.54%5 LIEFHC 2 A 23] T0f TojlAME &
Mol Z7tE Ech 100/1 E/T ratiodl M= 8.30,
27.49. 15.02%= Roloz A O}&7IX| 2 23] E0f 2
ol M tHz=2e| 24.08%2Ch Z7}t51% CHFig. 4).

HooleAo MUMUYZ cisplatin® s FAEH Fof
E2|E d|EMZI} LEH = NKMZEH2 E/T ratio
200/10l A cisplatin, 14 ug= 1, 2, 33| F0{8t ol M
Oi=F, 42.65%01 H|58t04 38.37, 47.21, 39.25%
LIEfH O 2 M 23] F0{Zo|Me 4o BIIE BN
C}. E/T ratio 100/10IM= 21.84, 13.74, 22.30%5
BolozM f=Tel 24.08%2Ct ZF ZasiYct
(Fig. 5).

YooleAao MW LIZ vinblastne & FAlsH ¥
of 22/& H[ZMZIL LIE= NKMZgd2 E/T
ratio 200/10il A vinblastine, 2.5 ug2 1, 2, 3% F0
$t FolM= tH=T, 42.65%01 H|5t0{ 48.58, 28.10,
71.16%S LIEFHSZAM 132} 35 F0{ DA &4
o &I EQct E/T ratio 100/10M= 23.74,

mu rir

80 Hl E/Tratio, 200/1
[J E/Tratio, 100/1 %

70

60

50_ * %

40

MK activity (% dead cells)

* %
30
20
* %
gl I §
O —
0.1 1 10 Control

Administration No. of vinblastine

Fig. 6. NK cell mediated cytotoxicity in vinblastine—
exposed mice at the effector/target cell ratio of 200/1
and 100/1. Mice were i.v. injected with 2.5ug of
vinblastine. Value shown are meanststandard deviations
for triplicate cultures, which were assayed in duplicates.
**P<(0.01 compared with control.

12.38, 34.49%E HAOZAM =22 24.08%EC}
35| FoiolM Mol BIIE ERACHFig. 6).

o &

At Akl (natural killer, NK)MZ & 2 o Ao A 2t

M=ol st Eo|M MzZzSAM TEZFE(cytotoxic T

.I

Iymphocyte CTLEME EX™ols HHM Sd53]
A=l M=Zo|c}, o

J

rn
=]

2
Rl
A}
ﬁ

I'

s UElyE 3

=
=

ALt Mz Mol 4 E(o O 242 IFN-a
At

IFN-y, IL-122} Z+2 cytokineSol 2lsiM XI= A
ElCt diol2{A 2 Zo|AM 0[2{S cytokine=2 A%
5| MMECZAM NKEMITMY| peakt A|ZIMCZ R

AtStH NKMZ= MZZEM TM Z(cytotoxic T cell)7t
7lsd CTLZe Z4{1t 2317t o| R0{X[7| HMof| 2Hof
o AMZ A EICh NKMZ= CTLZ FAFSH 2o
Z dio[{A ZGMEL AMEE Aol Stoh NKM 22
MZ&o|= perforin} granzymes Z&st= 02 7i
9| granules2 ERFotd UCH NKMZEIL EH M =20
22= of3ol= perforin granzymeo| #&EE= &
1t (degranulation)0l  ofutch BHEE perforing
CTLOIM M ZHAM =0 poreS YAMAIZICEH EF

oI‘



NKA| Z+= apoptosisoll 2t EXMMZ I
T Stoh CTLZH= CHE NKMZO| EFCEME AHM

&2l E0|& ¢l T-cell receptor (TCR)L CD3& L3515t
x| gbe=che Ziolof, SM, NKMZS| EHAME 2l4/0]

MHCSHE BHEiS 2| eHrhe gio|ch 28824274

LS =
o[&AIZI ol bleo-
|_|.E|.|_Hi D:| oiSHH 01

BIEITE =2 vidst
| o
—2

2 fibrosarcoma&
mycing —‘?— 4°F z O| ahotH |7F

o
mjo
o TH
1l
ob
i
‘1_
o]l
§
o
i
Hel
_,Kl

2 ZM bleomycind
=AM EOF toiHlSo)| Boisks T

[ =]
ot =oF Eo|MQl T-9X

o
?_
>
0¢
o H —‘—
k1omet
X
=2
X
o
%)
=2
=
S
mjo

ALBSINE e 1 3 S =2 29
cisplatinZt BRME 2% F0i5i% S W= HAZHA
20| 2EE £ 9SS XHs db Qlch Bo-
denheimerS*®e o] Kupfferd Zofl a|xl= mito-
mycin-Ce| 215

2 Aso|M mitomycin-CH 2| ol
M Kupfferd 22| Al#%&, C3b =84 ZEs, 2lo]
Xote|of LEFHQEAM LEHE =F4tof
Sof 2H7t olg $ U=
ArinagaS®e otatxl Moz
gxle] wxd cCHELE 2
activated killer (LAK)&AM € X519 O 21 X
chsll o] | AKEM 50| ELve)
N

ZEFAEMO|

sl onf chFo| TNF-alpha’iAo| 2 £of ZoAM =
Jtele He 2 4 AU Kouchis'e oiexo
cisplating F0i3S W /&S B = ECHT EXZ

M T ol ozt Bioy

A
T2 7|50| HE Malgez
AMEIILH I LEHHES 205t
2 2t & xR0l Bol AtSS|

2 AgoM= v[=z7] A
1 2l= mitomycin C, cisplatin, vinblastine0| 2tM| =
of ciet M=ZN olsg UE= XM=
(natural killer cell, NK)&Ado DliIE 235 27| ¢
50 OpfAQ HIZA[ZL| O o L2 & oF

29|
HE XMalgh & NKMZo| &MuistE EMSIX} 51

itomycin C& TZAIZ

Liebch el
BodenheimerS*o| 213t 3 cfAlMZo| &Ao| 2t
2 ok ot 2} in vitrodl M NKMZE 1 gM0| Z4

2l : Mitomycin—C, Cisplatin, Vinblastine0| OFfA AdASMZ &M o|x|= A& 149

2 of
=

= ULt HHoteAo| vF
L&

= NKHI E%‘Q o

=
mo

M =0l cisplati

M%

T
m
s
fal

= 0
w oo H =
02

00t

o

o
]

i

o
ST

Hr

ro
_q!_

bl
?_
El
o

|>
lo
=

oi rh =

A vmblastmea _Lc%/\l

J
1o N
Z

A X o ror B 0 B
ol
o M —
o 2
20 o0
olo M
N
- o
u
m 0¥
iy
_O'E
32
o 0
ol
> o = =
rir ir
HI [o]
o 12 o
é o
= o 3
S = 2
o -
Mt o
o o r
U2 1r mjo oy 0

. 0d 0z r2orr oz
> mjo 10
=
|{e]
ol
H
d
ne
0x!
ol
Hn
o
>
=3
1
<
o
]
=
~
=
™

dose oPOHH A2 NKEYo| o|xl= 23tE
FH NKEM M &at7t 0.1 pge ZHBAIZE O
E/T ratio 200/10lM= vinblasine, mitomycin C,
F=olRAeLt  E/T  ratio  100/10M&=
mitomycin C, cisplatin, vinblastine 0| C}. 0|= %
B MZO| Fof w2tME ofo| iyt 2etA
22 oolgch 1.0pge 2EAIZHE e E/T ratio
200/10ll M vinblastine2| & <ol 42+ NKEA
Z 20 cisplatinZt mitomycin Coll 2lsf M= &Mo| &
AER2e0 E/T ratio 100/10AM= mitomycin C,
cisplatin, vinblastine =22 ZA=2ict. 10.0 yg2
AEAIZS WMol = E/T ratio 200/10lA vinblastine2
ZARoM3E NKEMo|  ZI7tE2en]  cisplatinzt
mitomycin Cofl 2lsiM= &4dol ZA=ACk E/T
ratio 100/10M & vinblastine2| Z <0l MZH NKEA O
Z7lE| 20 cisplatin, mitomycin C =22 ZtA =

[ 11

0.

=
N
ﬁ

ne
0

£
=|
o]

NILY

cisplatin

4> rr
0 |

|' FU|0

ch. w2t vinblastineel A<, in vitro= &0l 2|5l A
cisplatin, mitomycin C2t= CI2H NK&AMo| Z7}E
2 ¢ £ ot w2iM geh 285 LEil = 2k Tt
EXO| H& AMEE AFYHRE NMalAlZ = US
#ob ofel mFo| HAA oM M Zof CfE Hoist
o Mf7|52 2 NKMZo Mg B £+
= ZHOAXEM AEE = AUCHH M Z Lo{ R0
M olEX™ gItE LiEtA & Zolct

In vivor gollAM FAORAS HW WHZ mito-

2l
mycin CHE FAISH Zof 2e2l& H|ZMZEI} LIER



CHM 53 M 3Z 2000

= NKMZ &M E/T ratio 200/1, mitomycin C, 23]
F0] FolM Mol ZIIE 220 100/1 E/T ratio
lME 23 F0i oM Mo ZI7HE Hol1 Ut
Ol Mol Foiulzof wal HYetS el xto|7} Lt
2 = ASS ofolstch 0PI Z cisplating FARY
WE E/T ratio 200/1, 28] £0{ Zo|AMot &
7t 20|12 Uct. a2t E/T ratio 100/10M = 1
33 ZE Foi ZolM ZE 2ol Aot OIET—F
Ct2A E/T ratio 200/101 M, vinblastine, 132} 3
F0{ ToM Mo FIIE LIEHD AT E/T
ratio 100/10lAM= 33| F0{ ZoAot gyo
Soct Al EoM ZEFIL 25 K|
HIZM Z L 2] NKM Zof M S ZEAIZ S

2 MH Uoll oHHE Foigh o NKEY
|

>
Ol

e

ol
0z
10

o rr ™ oM o
|_

1o

o[¥
30 N
ir uu

o]
-

o
)

S 50 1o 4o B
y 22
[

mn
i=]
=
Hu
|'|.|O
Rall
_O'L
Rl
5o
kl
30
o
i=]
rr
0=
=
]

1o Tlo
o

ol
=

foh
[
Mo
Qllj

M HEkg gof LIEM Aotz THEHE O 2 M i vitrod
A

HolME IEE Holch
ojea Fof Hl40| mal AlRY NKEA olx=
EoHE dH|ulstH 13 Foiel AL, E/T ratio 200/10]

M vinblastine?| F0{ M{EF NKEMoO| ZHZI=QeH
mitomycin C2t cisplatine| Fofofl o= &Mo| Z
2=[dct B 23] £0{ W= E/T ratio 200/10ilA
mitomycin CL} cisplatine 1 &AM ZJHAIZX|ot
vinblastine® ZAA|ZiCt 33 F£0{2| A<, E/T ratio
200/10lA CHA| vinblastine2| F0ioll 2ls A2t NKE
Mol Z7tE[Uct watM 13 F0i7} NKEMo| o|x=
Z7t23t= vinblastined| M2F LIEFGOH 23] Fofof
o3t Z7t& 2= mitomycin CLt cisplatinoil 2|3 A] Lt
bt 33| Fo0iof st E7t53b= CHAl vinblastine
off oAl LIERHD Qlct HAHAM 22 vinblastine2 in
vitrool M NKEMEZEE EJAXT in vivodl ME
71X <tHof B[S0 NKEYB7tE 3t XH2of
o %5t 7oz YZECt 5, DNASHY 5
= cisplatinO| L} mitomycin-CEE} M=
At&ste vinblastine?| E17t o ECH &
shetrlel 57

l

m

I

]

0%k > qjo X 0 pe Hu oo rju

)
=

> Mo

1°
[¢]
hd
ol

Koo

>
o rr o
=
> 2
Hel
it
0x
_‘T“_I
my
rlo
re
12
=
0lo oot
2 o

¢
|0
=
=)
o 1o
0 1o

jol
rir olo ox ru|o

Lul
re
o
Hu
=
~
=

i
U

N
]
32
+
z
2 rr
ink
=}
T
x
rl:l
12
o

mjo

b 17
ooy
net 4o ¥Q

02
o
o M
2
rr
i=}
S
o
HT
o
gt
4>
¥0

ol Zel=lojo} & Zo|ch = BRMI} 22 HoizE
AE M FONZLEN HelE HedlsE smAl
HTIHN SMES Holsts 20| BI2EE HoR o
Zgic

| =2

Hl =74 &2E X220 AFEED
cisplatin, vinblastine0| &AM ®Zof st

£ LIEM = RFAAMSH M Z (natural killer cell, NK)Z-AMof|

Ql= mitomycin C,
|iA-I l:II-O-ih

= i= =
olxlE g0E 27| 9/5tod ot HIFMEL O
Ao Fo h2 2 oM E HM2let = NKMEEYE 5

mitomycin ~ CL}
cisplating T&EAZH S O NKA1|;\T;§éA-IO| LA LIE}
Wk 2Lt vinblastine

BAZE o 4o B7tETE E?“ﬁ'— 0.
Me 235|2f O Mol ZAEct =l
E/T ratio 200/10lAM A2 0.1 ugS ZEAIZHES o
vinblastine, mitomycin C, cisplatin =0|%Cl. 1.0 &
2 10.0 g2 8AIZFHE M= vinblastineZt NKEM S
Z I 720 cisplatinZ mitomycin Coll 2lsiM= &
Aol ZA=[dck 100/1 E/T ratiodlME vinblastine,
10.0pgel  ARoMTH  NKEAMES  B7HMIF2H
cisplatin, mitomycin C =22 ZA= it

2) MaopeAo MUz Zt Zto| A|lRM S FAlst
=of =zl | ZAETT
mitomycin CO|L} cisplatin, 22+ 2 5}
Mol BIIE H¥ 20 vinblastine2 12]2} 33 F0i
oM &Mool ZI7tE LEYLCE

LtEt =

ojetztol eretd ol &0l ot NKMZad 2 ofH|
of &7, L&Y w2t ghs0| 2 3 den in

vivoll Mol Foislof M 2R S
vinblastine2| A<, in vitrodl M NKEM S L& 2}

ARt in vivodl M= CHE FI1X| kR0l H]5t0 NKZ
MzIlgnle 2oz M NKEMEIAIWME o 2
43t 4oz MZtEcH

ijal
kl
Ho
ot



ZHE 2 32l : Mitomycin—C, Cisplatin, VinblastineO| O} Xl AN =z &Mof o|xl= F& 151

1) Braun D, Harris JE. Modulation of the immune re—
sponse by chemotherapy. Pharmacol Ther 1881; 14:
89-122.

2) Ehrke MJ, Mihich E. Effects of anticancer agents on
immune responses. 7rends Pharmacol Sci 1985; 6:
412-417.

3) Mihich E. Future perspectives for biological response
modifiers: A viewpoint. Semin Oncol 1986; 13: 234—
254,

4) Mastrangelo MJ, Berd D, Maguire HC Jr. The im-
munoaugmenting effects of cancer chemo-
therapeutic agents. Semin Oncol 1986; 13: 186-194.

5) Mihich E. Modification of tumor regression by im-
munologic means. Cancer Res 1969; 29:
2345-2352,

6) Mihich E. Immunosuppression in cancer therapeutics.

Transplant Proc 1975; 7. 275-278.

Taniguchi M, Tada T. Regulation of homocytotropic

antibody formation in the rat. IV. Effects of im-

munosuppressive drugs. J /mmunol 1971; 107: 579-

585.

Kerckhaert JA, Hofhuis FM, Willers JM. Effects of

variation in time and dose of cyclophosphamide

injection on delayed-type hypersensitivity and anti-

body formation. Cell Immunol 1977; 29: 232-237.

9) Maguire HC Jr, Ettore VL. Enhancement of dinitro-
chlorobenzene (DNCB) contact by cyclophosphamide
in the guinea pig. J /nvest Dermatol 1967; 48: 39-43.

10) Hunziger N. Effects of cyclophosphamide on contact
eczema in guinea pigs. Dermatologica 1968; 136:

187- 191.

11) Yoshida S, Nomoto K, Himeno K, Takeya K. Immune
response to syngeneic or autologous testicular cells
in mice. I. Augmented delayed food pad reaction in
cyclophosphamide treated mice. Clin Exp Immunol
1979; 38: 211-217.

12) Polak L, Geleick H, Turk JL. Reversal of immuno-
logical tolerance to contact sentization. /mmunology
1975; 28: 939-942,

13) Polak L, Turk JL. Reversal of immunological toler—
ance by cyclophosphamide through inhibition of sup—
pressor cell activity. Nature 1974; 249: 654-656.

14) Baldwin RW, Byers VS, Hannant D, Jones JA, Pimm
MV, Price MR. Cellular interactions modulating host
resistance to tumors. Cancer Res 1982; 80:
338-345.

15) Nomi S, Pellis NS, Kahan BD. Antigen specific ther—
apy of experimental metastases. Cancer 1985; 55:
1296-1302.

7

*

16) Hengst JCD, Mokyr MB, Dray S. Importance of tim—
ing in cyclophosphamide therapy of MOPC-315 tu-
mor—-bearing mice. Cancer Res 1980; 40:
2135-2141.

Hengst JCD, Mokyr MB, Dray S. Cooperation bet—

ween cyclophosphamide tumoricidal activity and host

antitumor immunity in the cure of mice bearing large

MOPC-315 tumors. Cancer HRes 1981, 41:

2163-2167.

Tomazic V, Ehrke MJ, Mihich E. Modulation of the

cytotoxic response against allogeneic tumor cells in

culture by Adriamycin. Cancer Res 1980; 40: 2748-

2755.

19) Tomazic V, Ehrke MJ, Mihich E. Augmentation of the
development of immune responses of mice against
allogeneic tumor cells after Adriamycin treatment.
Cancer Res 1981; 41: 3370-3376.

20) Orsini F, Pavelic Z, Mihich E. Increased primary cell
mediated immunity in culture subsequent to Adria—
mycin or daunorubicin treatment of spleen donor
mice. Cancer Res 1977; 37: 1719-1726.

21) Mantovani A. In vitro and in vivo cytotoxicity of
Adriamycin and daunomycin for murine macro—
phages. Cancer Res 1977; 37: 815-820.

22) Ehrke MJ, Cohen SA, Mihich E. Selective effects of
Adriamycin  on murine host defense systems.
Immunol Rev 1982; 65: 54-78.

23) Ehrke MJ, Tomazic V, Ryoyama K, Cohen SA, Mihich.
Adriamycin induced immunomodulation: dependence
upon time of administration. /nt J Immunopharmacol
1983; 5. 43-48.

24) Haskill JS. Adriamycin—activated macrophages as tu-
mor growth inhibitors. Cancer Res 1981; 41: 3852-
3856.

25) Martin F, Caignard A, Olsson O, Jeannin JF, Leclerc
A. Tumoricidal effect of macrophages exposed to
Adrimycin in vivo or in vitro. Cancer Res 1982; 42:
3851-3855.

26) Salazar D, Cohen SA. Multiple tumoricidal effector

mechanisms induced by Adriamycin. Cancer Res

1984; 44: 2561-2566.

Mace K, Mayhew E, Mihich E, Ehrke MJ. Alterations

in murine host defense functions by Adriamycin,

liposomes, or liposome—encapsulated Adriamycin.

Cancer Res 1988; 48: 130-136.

28) slge, UEE, MRy, 254, dpY. EYA UXEH
o 2lmhe| Natural Killer (NK) 2-M x|of b5k o471 O st
o|ate{ 5| x| 1981; 24. 503-508.

29) Trincheri G. Biology of natural killer cells. Adv /m-

17

__
*

27



30

31

32

1562

=

—

Nl

o

o gtetof gbsta| x| & 5 A X 3 & 2000

r

munol 1989; 47: 187-375.

Antonelli P, Stewart II W, Dupont B. Distribution of
natural killer activity in peripheral blood, cord blood,
thymus, lymph nodes, and spleen and the effect of
in vitro with interferon preparation. Clin Immunol Im-
munopathol 1981; 19: 161-169.

Nouri AME, Hussain RF, Dos Santos AVL, Mansouri
M, Oliver RTD. Intensity of class | antigen expression
on human cell lines and its relevance to the efficiency
of non-MHC-restricted killing. BrJ Cancer 1993; 67:
1223-1228.

Nouri AME, Mansouri M, Hussain RF, Dos Santos
AVL, Oliver RTD. Super—sensitive epithelial cell line
and colorimetric assay to replace the conventional
K562 target and chromium release assay for assess—
ment of non-MHC-restricted cytotoxicity. J /mmunol/
Methods 1995; 180: 63-68.

33) Anderson TM, Ibayashi Y, Tokuda Y, Colquhoun SD,

Carmack E, Golub SH. Effects of systemic recom—
binant interleukin—2 on natural killer and lymphokine
activated killer activity of human tumor infiltrating
lymphocytes. Cancer Res 1988; 48: 1180-1183.

34) Balkwill FR, Burke F. The cytokine network. /mmunol

Today 1989; 10: 299-304.

35) Gidlund M, Om A, Wigzell H, Senik A, Gresser |.

Enhanced NK cell activity in mice injected with
interferon and interferon inducers. Nature 1987; 273:
759-761.

36) Grimm EA, Mazumder A, Zhang HZ, Rosenberg SA.

37

38

=

Lymphokine—activated killer cell phenomenon: Lysis
of natural killer-resistent fresh solid tumor cells by
interleukin 2-activated autologous human peripheral
blood lymphocytes. J Exp Med 1982; 155:
1823-1841.

Reynolds CW, Herberman RB. In vitro augmentation
of rat natural killer cell activity. J /mmuno/ 1981; 126:
1581-1585.

Seaman WE, Sleisenger M, Eriksson E, Koo GC.
Depletion of natural killer cells in mice by mono-
clonal antibody to NK-1.1: Reduction in host defence
against malignancy without loss of cellular or humoral
immunity. J Immunol 1987; 138: 4539-4544.

39) Archimbaud E, Bally M, Dore J. Inducibility of lym-

phokine activated killer (LAK) cells in patients with
myelogenous leukemia in complete remission and its
clinical relevance. Br J Haemato/ 1991, 77: 328-334.

40) Fries RU, Golub SH. Characteristics and mechanism

of IFN-gamma-induced protection of human tumor
cells from lysis by lymphokine—activated killer cells.

41

42

43

Immunol 1988; 140: 3686-3693.

Grim EA, Wilson DJ. The human lymphokine—acti—
vated killer cell system: V. Purified recombinant
interleukin—2 activates cytotoxic lymphocytes which
lyse both natural killer resistant autologous and tu—
mors and tritrophenyl-modified autologous peripheral
blood lymphocytes. Cell I/mmunol 1985; 94:
568-578.

Ortaldo JR, Longo DL. Human natural lymphocyte
effector cells: Definition, analysis of activity, and
clinical effectiveness. J Natl Cancer Inst 1988; 80:
999-1010.

Oliver RTD, Nouri AME. T cell immune response to
cancer in human and its relevance for immuno-
diagnosis and therapy. Cancer Surveys 1991; 13:
173- 204.

44) Weir DM. Natural Killer cells, Handbook of experi—

mental immunology. 4th ed. Oxford: Blackwell scien—
tific publications, 1986; 60.1

45) Wright SC, Weitzen MS, Kahle R, Granger GA, Bo-

46

47

48

)

navida B. Studies on the mechanism of natural killer
cytotoxicity: Il. Coculture of human PBL with NK-
sensitive of resistant cell lines stimulates release of
natural Killer cytotoxic factors (NKCF) selectively
cytotoxic to NK-sensitive target cells. J /mmunol
1983; 130: 2479-2483.

Xu ZY, Hosokawa M, Morikawa K, Hatakeyama M,
Kobayashi H. Overcoming suppression of antitumor
immune reactivity in tumor—bearing rats by treatment
with bleomycin. Cancer Res 1988; 48: 6658-6663.
Crum ED. Effect of cisplatin upon expression of in
vivo immune tumor resistance. Cancer Immunol Im-
munother 1993; 36: 18-24.

Bodenheimer H Jr, Charland C, Leith J. Alteration of
rat Kupffer cell function following mitomycin—C
administration. J Leukoc Bio/ 1988; 43: 265-270.

49) Arinaga S, Adachi M, Karimine N, Inoue H, Asoh T,

Ueo H, Akiyoshi T. Enhanced induction of lympho-
kine—activated killer activity following a single dose of
cisplatin in cancer patients. /nt J Immunopharmacol
1994; 16: 519-524.

50) Kouchi Y, Maeda Y, Ohuchida A, Ohsawa M. Im-

munotoxic effect of low dose cisplatin in mice. J
Toxicol Sci 1996; 21: 227-233.



