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ABSTRACT : There were reported some kinds of anticancer drugs which have
immunopotentiating effect. In this study, we demonstrated the i.p injection of CDDP
which enhance the macrophage-mediated cytostatic effect in mice. Flow cytometry
has been used to study the influence of CDDP-activated macrophages on the cell
cycle of Meth-A cells, and the biochemical changes of the CDDP-activated macro-
phages were analysed. Macrophages harvested four days later from mice treated
with i.p injection of CDDP 0.3 ~ 4 mg kg showed a dose-dependent effect to both
EL-4 and Mrth-A cells. The activation was mainly seen in the plastic adhesive cells
and was diminished by treating with carrageenan. In vivo Winn assay, CDDP-acti-
vated macrophages showed a significant inhibitory effect to the proliferation of
Meth-A cells for at least 15 days.

The survival time was elongated when the tumor-bearing mice were treated with
i.p injection of CDDP. However, the elongative effect was diminished by the pretreat-
ment of carragenan. On the other hand, Flow cytometry analysis using Propidium
lodide staining was designed to study the mechanism of the tumor cell inhibitory
effect by CDDP and CDDP-activated macrophages. Changes of cell elements such as
RNA, protein, and mitochondria were evaluated by A.O, FITC and Rhodamin 123
staining technique respectively.

CDDP does enhance the antitumor effect of the peritoneal macrophages of mice.
Using the Flow cytometry analysis we have been able to demonstrate that in cont-
rast to CDDP which accumulate the Meth-A cells in the G,;M phase of the cell cycle,
CDDP-activated macrophages appeared to have a different influence more restricted
to the G,S block of the cycle.

CDDP-activated macrophages resembled to OK-432-activated macrophages, show-
ing an increase of RNA, protein synthesis and an enhancement of the mitochondria
menbrane potential.

Tumors heavily infiltrated with macrophages

INTRODUCTION are less likely to metastasize and show a good
prognosis.z) 31 5)

Macrophage inflammatory responses which On the other hand, patients and animals with
resulted in tumor lysis or proliferative inhibi- neoplasms, generally defective monocyte, macro-
tion seems to be one of the central importances, D phage function has been demonstrated.®) 7 8) 9)
especially in cases involving solid tumors. Whether these functions are defective before the
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onset of neoplasia or become defective as a re-
sult of the tumor formation is not known.
However, it is reasonable to use some regimens
that can destroy the tumor cells and stimulate
the host’s natural immune processes in regards
of the cancer therapy.

Anticancer chemotherapy was widely used in
the bed-side and clinic for cancer patients as a
post-operative adjuvant therapy or in the cases
of progressive pleural /peritoneal carcinoma-
tosa. However, the influence to the host’s im-
munologic effector cells was not yet well known.

In general, chemotherapeutic agents have tra-
ditionally been thought to cause depression of
immune responsiveness,m) 1) 12) 18) bt it has
become clear that some kinds of chemothera-
peutic agents e.g Cyclophosphamide, ) Adria-
mycin,l’l)ls)w) Mitomycin C, 1 and Bleomycinlg)
act to the host immune effector cells as an im-
munopotentiating factor.

Lichtenstein'®’ demonstrated the enhancement
of natural killer cytolysis of peritoneal and
spleen cells of the mice by CDDP, Kleinerman
et al.20 reported the enhancement of cytotoxi-
city of human peripheral blood monocyte by
CDDP. In this study, in respect to cytostatic
effect, we do the further investigation in vitro
and in vivo on mice to evaluate the influence
of CDDP on peritoneal macrophages. Also we
analysed the kinetics of the target cell cycle
and the biochemical changes of the effector cell
by using the Flow cytometry. CDDP activates
macrophages and inhibits the growth of tumor
cells, suggesting that the drug may exert an
effect similar to Biological Response Modifier
(BRM) in addition to its known direct toxici-
ty, and may have potential clinical usefulness
in the design of immunotherapeutic trials for
certain types of cancer.

MATERIALS AND METHODS

1) Animals, tumor cells, chemicals and reagents

C57BL, 6 and BALB,”C mice were obtained
from Chales River Breed Laboratory, Japan.
All animals were male, eight to 12 weeks old
and weighed approximately 25 to 30 g. EL4, a
T-cell lymphoma of the C57BL 6 mouse and
Meth-A, a fibrosarcoma of BALB _,C mouse
were maintained in RPMI 1640 containing 109§

FCS when used as target cells in vitro cytosta-
sis assay and were maintained in an ascitic form
in mice to be used for in vivo Winn assay.

Cis-Diammindichloroplastinum (I)H(CDDP)
was obtained from Nippon Kayaku Co, Ltd.,
Japan. Its solubility is 500 £ g, ml. To admin-
istrate to animals, the drugs was diluted with
sterile 0.9% NaCl solution at the desired con-
centrations and 0.5 ml was injected i.p into each
mouse.

Carrageenan type IV was obtained from Sig-
ma Chemical Co. Thioglycolate medium was
obtained from Difco Laboratories, Detroit.
MI. *H-TdR (specific activity 6.7 Ci,” m mol)
was obtained from New England Nuclear, Bos-
ton, MA.

2) Preparation of murine macrophages

C57BL.,/6 mice were given i.p injection of
various doses of CDDP, and saline to controls.
Peritoneal exudate cells (PEC) were harvested
four days later by peritoneal lavage with ice-
cold RPMI. PEC were washed two times with
PBS and suspened in RPMI 1640 supplemented
with 10% FCS containing penicillin(100 U, ml),
streptomycin (0.05 mg, ml).

After determination by viable and differenti-
al cell counts, macrophages were adjusted to
1X10° /ml and 0.1 m1(1X10%) were dispensed
into the flat-bottomed wells of a 96-well cul-
ture plate (Corning). After incubation at 37 °C
for 90 minutes, nonadherent PEC were removed
by repeated washing with PBS, and finally ap-
proximately 4596 to 55% of the initialy added
cells remained in cultured wells. The majority
of these cells (>90% ) morphologically resem-
bled macrophages. The compound at the CDDP
dose of 4 mg_ kg or less causes no apparent
toxicity, since_>95% harvested PEC were viable
and about 509 of those cells were capable of
adhering to plastic plate.

3) Treatment of effector cells with carrageenan

For in vivo studies, all mice were treated with
CDDP 4 mg, kg on Day-4 and some mice were
given i.p injection of 1 mg carrageenan (1 mg
/ml) on Day-3 and -1, respectively. PEC were
harvested on Day-0, and tested in vitro for cy-
tostasis with an E : T ratio of 10 : 1.

4) Assay for macrophage-mediated tumor cell
cytostasis

The exponential phase EL-4 and Meth-A tu-
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mor cells cultured in RPMI 1640 containing 1094
FCS were washed twice with PBS, and resus-
pended in fresh RPMI 1640 containing 10 %
FCS culture medium. 1107 cells in 0.1 ml cul-
tured medium were added to culture wells con-
taining macrophages (1X10% in 0.1 ml) or to
wells containing 0.1 ml of medium only for con-
trol.

Unless otherwise noted, culture plate were
incubated at 37°C in a 5% CO, and water-satu-
rated atmosphere for 48 hours. Cells in each
wells were pulsed with 0.5 ¢ Ci ®H-TdR for the
final four hours and harvested with a semiauto-
matic multiple cell harvester (LABO SCIENCE
CO LTD) to glass fiber. The amount of *H-TdR
incorported was determined in a liquid scintil-
lation counter (Aloka, LIQUID SCINTILLATION
SYSTEM Model LSC-903). The mean cpm were
obtained from triplicate cultures, and the re-
sults were presented as percentage cytostasis
which was calculated by the following formula.

b—c)

Where “a” is cpm of cultures containing tar-
get cells only, “b” is cpm of cultures containing
target cells and macrophages, and “c” is cpm
of cultures containing macrophages only.

The results % cytostasis are representative
of three separate experiments.

5) In vivo effect of carrageenan on CDDP treat-
ed tumor bearing mice

Group (A)-(D), each group consisting of 5
C57BL,/6 male mice 10 weeks old were treated
with i.p injection of EL-4 tumor cells, CDDP,
and carrageenan as follows. Group (A): EL-4
tumor cells only, Group (B): EL-4 tumor cells
+carrageenan, Group (C): EL-4 tumor cells+
CDDP 4 mg kg, Group (D): EL-4 tumor cells
-+CDDP 4 mg, kg +carrageenan.

Briefly, On Days -3 and -1 (B), (D) Groups
were given i.p injection of carrageenan 1 mg
permouse, On Day 0 all groups were treated
with i.p injection of EL-4 tumor cells (2Xx10°
in 1 ml) which were maintained in ascitic form
in C57BL,/6 mice and on Day-+1 (C)(D) Groups
were given i.p injection of CDDP 4 mg “kg.
The effect of carrageenan was expressed by the
survival time (rate).

6) In vivo tumor neutralization assay (Winn
assay)

9% Cytostasis = (1 —
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Each group consist of 5 to 6 BALB,/Co” mice
irradiated with 400 rads one day before inocula-
tion. The effector cell suspension 0.1 ml (macro-
phage 5 X107, /ml) was mixed with an equal
volume of tumor cell suspension (Meth-A 1 X
107./ml) and 0.2 ml of the cell mixture was
inoculated s.c into the back of syngeneic BALB
C mouse. The results were evaluated by mea-
suring the long axis Xshort axis of the tumors.
The group division was as follows: (A) inocu-
lated with Meth-A cells only. (B) inoculated
with the mixture of Meth-A cells and thioglyco-
late treated macrophages. (C) inoculated with
Meth-A cells and CDDP treated macrophages.
(D) inoculated with the mixture of Meth-A
cells and macrophages treated with CDDP and
carrageenan.

7) Flow cytometry

a) Propidium Iodide staining : For the analy-
sis of the cell cycle distribution of Meth-A cells,
after exposed to CDDP (0.5 pxg./ml) for 48
hours, or cocultured with macrophages, the
cells were fixed with 7094 alcohol for at least
overnight. Alcohol-fized cell suspensions were
rinsed and treated with RNase 1 mg,/ ml (Sigma,
RNase type 1-A) at 37°C for 20 min. Rinsed
again and stained with P.Isolution (50 £g/ml)
for two to three hours at 4°C.

b) Acridine Orange staining : For the analy-
sis of RNA contdnt of macrophages, control
PEC or PEC treated with various doses of
CDDP and OK-432 (1 KE,“mouse) were puri-
fied by the adherence method. Adherence perito-
neal cells (APC) were fixed in ethanol : acetone
(1 :1v /v ) mixture for at least overnight.
Fixed cells were then stained by the two-step
A.O staining method as described by Darzyn-
kiwicz.2! Brifely fixed single cell suspensions
were adjusted to 1X10%,/ml. Aliquots of 0.2 ml
of cell suspensions were mixed with 0.4 ml of
ice-cold acid detergent (0.019% Triton, 0.08 N
HCI, 0.15 N NaCl, 10™* EDTA-Na) for 30 sec.
The cells were then stained by addition of 1.2
ml of A.O solution (concentration 10 ©g, ml,
diluted by phosphatecitrate buffer PH 6.0 ).
After 5 minutes of interation the cells were
measured in FACS with an argon laser (488nm).
The red (>600nm) fluorescence, and light scat-
ter per cell were obtained for 5000 cells from
each saple.
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¢) Fluorescein isothiocyanate (FITC) stain-
ing 22) . For analysis of protein content. 70 %
alcohol-fixed macrophages were stained with
FITC 50 1 g, ml (diluted by 0.5M NaHCOs3 so-
dium bicarbonate PH 8.0) for 30 min at 4°C,
and then measured in FACS with an excitation
length of 488nm and absorption length of 530nm.

d ) Supervital Rhodaminel23 staining of
mitochondria : Each sample of viable macro-
phages were stained with Rh123 10 xg,/ml
(dye dilutions were made in RPMI medium con-
taining 1096 FCS) for 20 min at 37°C as describ-
ed by Darzynkiewicz.zg)

e) Phagocytic activity of macrophages: Mac-
rophages (2 X10° “ml) were incubated with
fluorescent latex beads (1X107 /ml, DIA.1=
1.73 ¢ Polyscience, Inc, Warrington) for 90 min
at 37°C, then the excess beads were discaded,
rinsed and the macrophages were harvested by
repeated pipetting with 0.29% EDTA +0.02%
trypsin solution. Centrifugation and the pelets
were resuspended with RPMI medium, and mea-
sured in FACS by counting 5000 cells.
cells phagocyte at least one bead

1) e —
% Phagocytosis total cell counted

100(
= 801
/ 5555%
0 %x

0.3 1

RESULT

1) Induction of tumor-cytostatic macrophages
in vivo

Macrophages prepared from C57BL 6 mice
treated with doses of CDDP ranging from 0.3
to 4 mg, kg showed a dose-response cytostatic
effect to both syngerneic EL-4 cells and alloge-
neic Meth-A cells. (Fig. 1) Although the magni-
tude of responses of allogeneic cells (%6 cytosta-
sis 52112 to 61.319) was not so significant as
syngerneic cells do (% cytostasis 78£15 to 83
*13). A dose of CDDP lesser than 0.3 mg,“kg
did not show any activation effect and the dose
higher than 4 mg, kg showed the adverse toxic
effect to macrophages. Therefore, we considered
the 4 mg, kg was the optimal dose to activate
the macrophages, and in the following experi-
ments mice were treated with a dose of 4 mg,~
kg. Thioglycolate was reported as having no
effect on macrophages activation, but in this
study the thioglycolate treated macrophages
showed somewhat higher cytostatic effect than
untreated macrophages does. Macrophages from

V7] EL-4

] Meth-A

a4

N

2

Thio.

Dose of CDDP i p (mg/Kg)

Fig. 1. Dose-response effect of CDDP on the activation of macrophage as campared to the efect of OK-
432 and thioglycolate. C57,/BL6 mice weere treated with vsrious doses of CDDP, 3 % thiogly-
colate 1 ml“mouse and 0K-432 1 K.E mouse. Macrophages were prepared 4 days later for
testing tumor cytostasis at an E : T ratio of 10 : 1.
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Fig. 2. Persistance of activated macrophages following a single dose of CDDP. Macrophages were
prepared by the peritoneal lavage at various time intervals after treatment with CDDP 4 mg~
kg. and tested for cytostasis at an E : T ratio of 10 : 1 for 48 hrs.

mice treated with immunostimulant agent
OK-432 showed a significant cytostatic effect
both to EL-4 and Meth-A cells.
2) Persistance of activated macrophages

Fig. 2 demonstrated the time course of macro-
phages activated by CDDP. After a single bolus
of CDDP 4 mg kg macrophages were prepared
at various time intervals, cytostatic effect was
elevated as early as two days, appeared to be
the maximal activated state four days later,
and declined to the control state by 12 days.
3) Inactivation of CDDP-activated macrophages

with carrageenan

Effector cells which caused the cytostatic
effect being investigated resembled to macro-
phages morphologically and in the ability to
adhere to the plastic plate. In an attempt to
further identify the cell type involved in the
cytostatic reaction, PEC were treated with
carrageenan which was known to abrogate
macrophage activity. As shown in Tab. 1 mice
treated with carrageenan on Day-3 and Day-1
twice, significantly abrogate the cytostatic ef-
fect of the PECs. These findings strongly sug-

Table 1. Effect of carrageenan on CDDP-treated

macrophage
Target Treatment of % P¢
cell mice® cytostasis
EL4 CDDP 83.2+13.0° 005
CDDP+ carrageenan  35.5% 6.4 P
Meth-A CDDP 61.3% 9.2 NS
CDDP+ carrageenan  46.5%60.3 ’

2All mice were treated with CDDP 4 mg kg on
Day —4 and some mice were given i. p injection
of 1mg carrageenan/mouse on Day ~3 and —1,
macrophages were harvested on Day 0, and test-
ed for cytostasis with an E : T ratio of 10 : 1.

PMean +S. E

¢ Determined by comparison between mice given
injection with and without carrageenan.

gest that CDDP acted mainly upon macrophages
rather than other population of the PECs.
4) Effect of culture supernatants of activated
macrophages
Macrophages prepared from mice treated with
CDDP for four days, were cultured in vitro for
two days, supernatants were harvested, filtrat-
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ed through a 0.45 g m Millipore filter and mix-
ed to EL-4 tumor cell cultures at various dilu-
tions. The inhibition of tumor cells was deter-
mined two days later by 3H-TdR incorporation.
Fig. 3 shows that these supernatants inhibited
the growth of tumor cells in a concentration-
dependant fashion.
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Fig. 3. Release of a cytostatic factor (s) by CDD
P-activated macrophages Macrophages
prepared from C57BL 6 mice treated
with i.p injection of CDDP 4 mg, kg and
saline for control were cultured 2 days.
Supernatants were harvested and tested
for cytostasis of EL-4 cells at various con-
centrations. Concentration of superna-
tant are given on a logarithmic scale as
percent (V./V) of the medium.

5) In vivo influence of carrageenan on the anti-

tumor effect of CDDP
Compared to tumor cells transplantation on-
ly group, (all mice died within 28 days) mice
received CDDP anticancer drug showed a signi-

ficant therapeutic effect (survival rate of 50%

at the time of 50 days). On the other hand, the

therapeutic effect of CDDP was diminished
when mice were pretreated with carrageenan on

days-3 and -1 twice. (Fig. 4)

6) Augmentation of the in vivo tumor neutral-
ization activity of macrophages treated with
CDDP (Fig. 5)

Effector cells treated with CDDP significant-
ly inhibited the tumor growth within 15 days

(P<<0.01~P<0.1). However, the inhibitory ef-

fect was almost abrogated by treating with

carrageenan suggesting that CDDP-activated

macrophages may be the main effector cell to
inhibite the tumor growth.

7) Cell cycle specificity of Meth-A cells expo-
sure to CDDP or cocultured with CDDP-act-
ivated macrophages

Fig. 6 shows the direct cytostatic effect of
CDDP by concentrations ranging from 0.005 to
15.625 @g,/ml. The concentration of 0.625 ug
/ml shows cytostatic effect similar to the ef-
fect caused by CDDP-activated macrophages
(61.839.2% ). Therefore, in the following Flow
cytometry analysis, concentration of 0.5 ug,/~
ml was used in the direct CDDP cytostatic effect
test.

Flow cytometry analysis using P.I staining
for DNA of Meth-A cells (Fig. 7) demonstrated
that in contrast to CDDP exposure (D) which
accumulated Meth-A cells in GyoM phase, CDDP
and OK-432 activated macrophages appeared
to block in the G,.'S phase of the cycle. The
percentage fraction of the cell cycle was analyz-
ed by the dot plot method (Tab. 2).

8) Promotion of functional phagocytosis and
changes of cellular contents of macrophages
treated with CDDP and OK-432

Iig. 8 demonstrated the phagocytosis of flu-
orescent beads by macrophages (upper) and cell-
ular contents of protein, RNA, and mitochon-
dria contents were analysed by the relative
peak channel numbers. Both functional pha-
gocytotic function and quantitative content
changes were in dose-dependent fashion.

DISCUSSION

Cisplasitn  ( Cis-dichlorodiamminoplatinum
(Il ), CDDP) is a cordination of the platinum,
it’s antitumer activity was first proved by
Rose~piera et alz'l) in 1969, and is a potent chem-
otherapeutic drug for the treatment of a vari-
ety of human tumors.

The mechanism by which CDDP kills tumor
cells is thought to be derived from direct inter-
calating platinum into the double helix strain
of the cellular DNA, and resulted in the inhibi-
tion of cell division.2”

The in vitro 48 hours continuous exposure
test showed that effective cytostatic concentra-



S. On Vol. 33

214
o———e tumor cell only (n=6)
100 T
X i #———-atumor cell +CDDP(n=6)
i’ | &-—-—--A tumor cell+ carra. (n=6)
........ i
- 80 i *--------k tumor cell+ CDDP +carra.(n =6)
® i
< 60}
T | AMew——k e ——— - —— mouse:C57BL/6,m, 8~10 w
>
S tumor cell: EL-4 2x107mouse
5 40
n CDDP:4 mg/Kg i.p
carrageenan: 1mg/ mouse i.p
201
Heeemcsnaoncaanmanammen
1 —_—
10 40 50 Days
Fig. 4. In vivo influence of carrageenan on the anticancer effect of CDDP. All C57BL,”6 mice received
i.p injection of EL-4 cells on Day O, some mice were treated with carrageenan on Days-3 and
-1, and another mice were treated with CDDP on Day 1. The influence was evaluated by the
survival rate.
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Fig. 5. Tumor neutralization assay (Winn assay) by macrophages.

The effector cell suspension 0.1 ml was mixed with an equal volume of tumor cell suspension
and 0.2 ml of the cell mixure was inoculated s. ¢ into syngerneic BALB,”C mouse irradiated
400 rads 5 days before the inoculation. Tumor size were evaluated by the product of major axis
X minor axis.
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Fig. 6. Direct cytostatic effect of CDDP.
Tumor cells were exposured contineously to CDDP for 48 hrs and then tested for 3H-Tdr
incorporation.
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Table 2. FACS-sorted phase fraction of the Meth-A cells incubated
with CDDP direct and CDDP- activated macrophages
fraction of the cell cycle (%)
Gy S GyM
Control 35.3 2.3¢ 30.7 1.7 26.3 0.6
CDDP direct® 25.3 0.6 37.3 1.2 37.3 0.6
CDDP—Inacrophageb 59.0 1.0 20.3 2.1 20.7 1.2
0K-432 macrophage® 63.2 3.2 21.3 1.5 15.5 1.7
25%10° Meth-A cells were incubated with CDDP 0.5 ug,~/ml for 48
hrs.
mice were treated i.p with CDDP (4 mg.“kg), macrophages were
prepared 4 days later and cocultured with Meth-A target cells at
an E : T ratio of 10 : 1 for 48 hrs.
“ mice were treated with OK-432 1 KE,/ mouse 4 days.
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Fig. 8. Functional phagocytosis (upper) and Cellur contents (lower ) changes of CDDP-activated
macrophages as compared to that of OK-432 activated macrophages.

tion was at least

ever other reports demonstrated that a large
percentage of CDDP is excreted within two

3000 ng,/ml (Fig. 5). How-

hours of administration and thus the amount
of CDDP retained in the body is low compared
to that used in vitro studies.?’ Furthermore,
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within three hours of administration about 90
9% of the CDDP administrated is protein
bound. Evidence suggests that only free-CDDP
is active, therefore the concentration of active
drug in the circulation approachs only 100 to
280 ng,ml two hours after an i.v bolus.27”
This is far lower than our in vitro studies.
Thus, beside the direct cytotoxic effect of
CDDP other mechanisms are possible.

One of these posibilities, we thought, was
the host immuno-effector cell mediated anti-
tumor effect. The defense mechanism- - of
animals consists of several types of immuno-
competent .cells. LicurensTrEN et al'®) reported
the enhancement of NK cytolytic activity of
the peritoneal and spleen cells by treatment of
i.p injection of CDDP. However, in the
present experiment, macrophages apparently
were the primary target of CDDP as regard to
cytostatic effect, since we investigated the
peritoneal adhesive cells which morphologically
resemble to macrophages and the effect was
significantly abolished by treatment with
carrageenan (Tab. 1, Fig. 4, 5.) which is known
to abrogate macrophages activity.gs)

The antitumor effect of macrophages exposed
to CDDP in vivo could be explained by several
methanisms.

First, the drug may potentiate antitumor
immunity through the elimination of any im-
munosuppressor cell activity that appears in
the tumor bearing host.2%? 39) In this experiment
model the CDDP-activated macrophages tested
in vitro was prepared from normal mice, there-
fore this hypothesis is unlikely to be possible.

Another mechanism could be an indirect acti-
vation of macrophages by CDDP through the
release of macrophage-activating factor, a
lymphokine by peritoneal lymphocytesfﬂ) How-

200 have demonstrated

ever, other investigaters
that unlike the case of X-irradiation, treat-
ment of lymphocyte with CDDP could not
enhance the cytotoxic effect of monocyte.

A third mechanism of the toxic effect on
tumor cells could be a transfer of CDDP
from macrophages to tumors.'8) 16) This hypo-
thesis was unlikely to be true, as was shown in
Flow cytometry analysis of the target cell
cycle (Fig. 7). CDDP act to the G,M part

different from CDDP-activated macrophage

which block G;S phase of the cell cycle.

This last mechanism: CDDP could directly
activate macrophages. This hypothesis is sup-
ported by the facts that the behavior of CDDP-
activated macrophages resemble to that of OK-
432-activated macrophages which showed the
enhancement of functional phagocytotic activi-
ty, enlargement of cell size, and the increase
of cell elements, such as protein, RNA, and
mitochondria.

The mechanism by which macrophages were
activated with CDDP is not yet established.
However, inhibition of macrophage’s DNA syn-
thesis by some macrophage-activating agents
were reported. Tawmance et al.3?) demonstrated
that MB5076 cell line which in vitro displays
many of the functional characteristics of an
activated macrophages, when exposed to the
macrophage activating agents, e.g LPS, TPA
irreversibly induced cessation of cellular divi-
sion. Nacaxo et al.33 reported the inhibition of
DNA synthesis in Guinea pig’s peritoneal exu-
date macrophages, by treatment with immuno-
adjuvants such as MDP and LPS. These obser-
vations enable us to suggest that the inhibition
of DNA synthesis (by CDDP) may be something
related to the activation of macrophages, but
this posibility awaits conformation.

Macrophages from mice treated with CDDP,
doses ranged from 0.3~4 mg kg, showed a
dose-dependent cytostatic effect to both EL-4
and Meth-A cells, the dose was almost coinci-
dent to that used in the clinical patients. On
the other hand, the time interval required to
activate macrophages was reported to be 24
hours for Adriamycin.lS) In the case of CDDP
i.p injection, the exudate cells appeared in early
phase is prominantly neutrophil and lymphocyte,
and it is reasonable to explain that it takes
times to activate the macrophages (Fig. 2).

Macrophages activated by Bisanthrene per-

" sists for four weeks,34) While CDDP-activated

macrophages showed relatively short persis-
tence, four days to reach the peak and declined
to base line by 12 days (Fig. 2). This fact was
well coincident to the Winn assay (Fig. 5) which
the CDDP-activated macrophages showed a sig-
nificant antitumor effect within 15 days.

It was reported that the physical cell contact
is necessary to induce the inhibition of tumor
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cell proliferation,35) however, other reporters
described that the inhibition was due to the
soluble factors released by macrophages.%) 87)
The difference may be due to the agents which
activate the macrophages. In this study, we
demonstrated that after 48 hours incubation
the supernatent of CDDP-activated macropha-
ges was active for the inhibition of tumor cell
proliferation, suggesting that cell-cell contact
was unnecessary for cytostasis.

From the results described we conclude that
in vivo, macrophages are -activated by CDDP
during a four to seven days duration to enlarge
the cell size and change the cell elements, ulti-
mately resulted in the resealing of soluble anti-
tumor factors.

For the further investigation, Flow cytomet-
ry techniques were employed to analyse the
changes of effector cells and kinectis of target
cells. Prossin et al.3®) have reported that using
radiolabled uridine and leucine incorporation
method in the two murine macrophages cell
lines of PU5-1.8 and J774.1, when treated with
BCG, RNA and protein synthesis is pronounced
in spite of decreased DNA synthesis. Hawvinron
et al.®®) demonstrated the enhanced synthesis
of a series of at least six polypeptides of 85,
80, 75, 65, 57 and 38 KD by treatment of mur-
ine peritoneal macrophages with LPS. In the
present study, Flow cytometry analysis using
A.O and FITC staining methods we showed the
increase of RNA and protein contents of the
CDDP or OK-432 activated macrophages (Fig.
8). In contrast to the dose-dependent increase
of protein the RNA increase was dose-indepen-
dent. Supervital staining of mitochondria was
also analysed. The data we obtained was well
coincide with that described by Darzynkirwicz 23
who showed an increase of mitochondrial up-
take of Rh123 during lymphocyte stimulation
by PHA.

Enhancement phagocytotic activity was an-
other functional change accompanied by acti-
vated macrophages.”) By means of latex beads
phagocytosis analysed by Flow cytometry.do)
CDDP dose-dependent effect to functional pha-
gocytotic activity was shown (Fig. 8). Suggest-
ing not only the qualitative cell elements but
also the functional activity changes occured
during the activating of macrophages by CDDP.
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Finally, Flow cytometry using quantitative
P.I staining for DNA can distinguish target
(Meth-A cell) from effector cells, because the
DNA contents were different (P.I staining fail-
ed to distinguish the macrophages from EL-4
cells). Using this type of analysis, we have been
able to demonstrate that in contrast to CDDP
exposure, which resulted in the GsM accumula-
tion of the Meth-A cells, CDDP-activated mac-
rophages like OK-432 macrophages to have a
different influence which block the cells in the
G,/S phase. This difference of inhibitory mech-
anism suggest that the contamination of CDDP
or transport of CDDP by macrophage to tumor
cells were unlikely to be responsible for the tu-
mor cell inhibition. Haskit et al.'® have report-
ed the accumulation of target cells at GoM
fraction by ADR, they conclude that drug reten-
tion may be the prominant effector mechanism
involved in the ADR-activated macrophages
phenomenon.

The immunopotentiating effects of antican-

-cer drugs has been reported, although mecha-

nisms were different. In this study, we confirm-
ed the enhancing effect of CDDP on macropha-
ges. This is a characteristics of the possibility
for the direct intracavity admission of chemo-
therapy for patients with abdominal or pleural
malignant effusions which frequently contain
significant numbers of macrophages.

ACKNOWLEDGEMENT

The author wishes to thank greatly to Dr.
Masao TOMITA, the Professor of the First
Department of Surgery, Nagasaki University
School of Medicine for his suggestion and valu-
able comments. And also thanks to all the co-
workers.

REFERENCE

1) Couex S, CourN MC. Mechanisms of tumor
immunity. Am J Pathol 1978 ; 33 : 449-58.

2) Unperwoon JCE. Lymphoreticular infiltration
human tumors. I Immunologically specific
effector cells. J Nati Cancer Inst. 1970 ; 44 :
701-13.

3) Evans R. Macrophages in syngeneic animal
tumors. Transplantation 1972 ; 14 : 568-73.



1988

4) Eccres SA. ALeXANDER P, Macrophage content
in tumors in relation to metastatic spread
and host immune reaction. Nature 1974 ; 250 :
667-69.

5) LAUDER I, AHERNE W, STEWARD J, SAINSBURY R.
Macrophage infiltration of breast tumours :
A prospective study. J Clin Path 1977 ; 30 : 563-
68.

6) SNYDERMAN R, PIKE MC. Macrophage migra-
tory dysfunction in cancer : A mechanism
for subversion of surveilance. Am J Pathol
1977 ; 8 : 727-40.

7) Synderman MEADOWS L, HoLDER W, WELLS S Jr.
Abnormal monocyte chemotaxis in patients
with breast cancer : evidence for a tumor-
mediated effect. J Natl Cancer Inst 1978 ; 60 :
737-40.

8) NormANN SJ, ScHarDT M, SorkiN E. Cancer

progression and monocyte inflammatory dys-

function : Relationship to tumour excision a

nd matastasis.

Cuow DA, Greex MI, GREENBERG AH. Macro-

phage-dependent, NK cell independent “ na-

tural ” surveillance of tumours in syngeneic

mice. Int J Cancer 1979 ; 23 : 788-97.

10) Berensaum, M. C. Immunosuppression by
platinum diamine. Br. J. Cancer. 1971 ; 25 :
208-211.

11) Kaux A, and HuL, J. M. Immunosuppression
with cis-platinum (1) diamminodich loride :
effect on antibody plaque forming spleen cells.
Infect. Immun. 1971 ; 4 : 320-321.

12) KauN A, and Hiil, J. M. Inhibition of lym-
phocyte blastogenesis in patients receiving

9

~—

cis-platinous diaminodichloride. Proc. Am.

Assoc. Cancer. Res. 1972 ; 13 : 92.

WIERDA. D, and PAzpErNIK, T. L. Suppression

of spleen lymphocyte mitogenesis in mice in-

jected with platinum compounds. Eur. J.

Cancer. 1979 ; 15 : 1013-1023.

14) Srovcukov, J. N., Scaurtz, R. M, et al. Effect
of Adriamycin and Cyclophospha mide treat-
ment on induction of macrophages cytotoxic
function in mice. Cancer Res. 1979 ; 39 : 3014-
3017.

15) MARTIN F., CAIGNARD A. et al. Tumoricidal

effect of macrophhges exposed to Adriamy-

cin in vivo or in vitro. Cancer Res. 1982 ; 42 :

3851-3857.

Haskin J. S. Adriamycin-activated macro-

phages as tumor growth inhibitors. Cancer

Res. 1981 ; 41 : 3852-3856.

17) Suwoo H, Ocura T. Induction of activated
macrophages by intraperitoneal injection of

13)

16

~

LOCAL IMMUNOLOGICAL DEFENSE OF THE TUMOR-BEARING

18

~

19

~

20)

21)

22)

23)

24)

25)

26)

27)

28

~—

29)

219

mitomycin C in mice. Cancer Immmunol.
Immunother. 1985 ; 20 : 145-150.

Morikawa K, Hosorkawa M, et al. Possible par-
ticipation of tumoricidal marco phages in
the therapeutic effect of Blomycin on a trans-
plantable rat fibrosarcoma. Cancer Res.
1986 ; 46 : 684-688.

Licurensteiy' A K and DavienA Penda. En-
hancement of natural killer cytotoxicity by
cis-Diamminedichloroplatinum. Cancer Res.
1986 ; 46 : 639-644.

KLEmNERMAN E S, ZWELLING L A. Enhancement
of naturally occuring human spontaneous
monocyte-mediated cytotoxicity by cis-
Diamminedichloroplatinum (II) Cancer Res.
1980 ; 40 : 3099-3102

Darzynkmzwicz Z. Acridine orange as a mole-
cular probe in studies of nucleic acids in
situ. Flow Cytometry and Sorting, Melamed
MR (eds). John Wiley and Sons, New York,
1979 ; 283-316.

Freevan D A, et al. Evaluation of six fluores-
cent protein stains for use in flow microflu-
orometry. Stain Technol. 1975 ; 50 : 279.
Darzy~kiewicz  Z. Increased mitochondrial
uptake of rhodamine 123 during lymphocyte
stimulation. Cell Biology. 1981 ; Vol : 78, No.
4, 2383-2387.

ROSENBERG B. et al. Platinum compounds : a
new class of potent antitumor agent. Nature.
1969 ; 222 : 385-386.

Rosexperc B. Possible mechanisms for the
antitumor activity of platinum coordination
complexes. Cancer Chemotherapy Reports
Part 1, Vol. 59, No 3, 1975 ; 589-598.

HorcreLe J. A., and Va~x Camvmp, L. Whole-
body counting and the distribution of cis-(Pt
(NH,)? Cl, ) in the major organs of swiss
white mice. Advances in an timicrobial and
antineoplastic chemotherpy. 1972 ; Vol. 2 :
241-242.

Parron, T. F., HmmersteN, K. J. et al.
Plasma levels and urinary excretion of
filterable platinum species following bolus
injection on IV infusion of cis-dichlorodiam-
mineplatinum ( I ) in man. Cancer Treat.
Rep. 1978 ; 62 : 1359-1362.

Caranzaro, P. J. Scuwarrz, H. J. et al. Spect-
rum and possible mechanism of carrageenan
cytotoxity. Amer. J. Path. 1971 ; 64 : 387.
Norr, R. J. Cyclophosphamide-facilitated
adoptive immunotherapy of an established
tumor depends on elimination of tumor-
induced suppressor T-cells. J. Exp. Med.



220

30)

31)

32)

33)

34)

35)

1982 ; 55 : 1063-1074.

Hencst J. C. D. Mokyr, M. B. Cooperation
between cyclophsphamide tumoricidal act-
ivity and host antitumor immunity in the
cure of mice bearing large MOPC-315 tumors.
Cancer Res. 1981 ; 41 : 2163-2167.

Parker, D., and TURk, J. L. Potentiation of
T-lymphocyte function by blomycin. Immuno-

pharmacology. 1984 ; 7 : 109-113.

TarmMapce, J. E., DoNovan P. A. Inhibition
of cellular division of a murine macrophage
tumor by macrophage-activating agents.
Cancer Res. 1982 ; 42 : 1850-1855.

Nacano. S., IkeGamr S. Inhibition of macro-
phage DNA synthesis by immunomodulators.
Cellular immunology. 1984 ; 89 : 427-438.
Wanc B. S., Lumancras A. L. Activation of
tumor-cytostatic macrophages with the
antitumor agent 9, 10-Anthracenedicarboxal
dehyde Bis ((4, 5-dihydro- 1 H-ilidazole-2-y1)
hydrazone ) Dihydrochloride (Bisantrene ).
MARTIN, F., MARTIN, M. S. Modification of
macrophage cytotoxicity to rat in testinal
cancer cells by chemical and biological
agents. The proceeding of the Eures sympo-
sium on the macrophage and cancer. by

S. On

36)

37)

38)

39)

40)

Vol. 33

James, K University of Edinburg medical
school, Scotland, p. 78, 1978.

FERLUGA, J., Schorlemmer, H U. Production
of the complement cleavage product, C3 a, by
activated macrophage and its tumorolytic
effects. Clin. Exp. immunol. 1978 ; 31 : 512-517.
NewmaN, W., GormoN, S. Production of mig-
ration inhibition factor (MIF)and an induced
of plasminogen activator (IPA) by subsets of
T cells in MLC. J. Immunol. 1978 ; 120 . 927-
931.

Prosser F. H., Scaminr C. J. Induction of
Ornithine Decarboxylase, RNA, and protein
synthesis in macrophage cell lines stimu-
lated by immunoadjuvants. J. Cellular
Physiology. 1984 ; 120 : 75-82.

HawmiutoN T. A., JANSEN M. M. Effects of bacte-
rial lipopolysaccharide on protein synthesis
in murine peritoneal macrophages : relation-
ship to activation for macrophage tumoricid-
al function. J. Cellular physiology. 1986 ;
128 : 9-17.

SteiNkaMPd.  A. Phagocytosis, Flow cyto-
metric quantitation with fluorescent micro-
spheres. Science. 1982 ; 215 : 64.



