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It is known that the compound cis-
Pt(NH,),Cl, is active against a wide range
of tumors (1) in animals (2—4) and in man
(5, 6), and it has been shown that its activity
is decreased when immunosuppressive
drugs are also administered, whereas it is
increased when an immunostimulating
agent, e.g., Zymosan (7), is given. Platinum
compounds have been found to act as im-
munosuppressive agents. Indeed, CIS-
PLATIN inhibits phytohemagglutinin
(PHA)-induced lymphocyte blastogenesis
as well as antibody plaque-forming spleen
cells in mice. In addition, it has been re-
ported that CISPLATIN inhibits PHA in-
duced lymphocyte blastogenesis in man
both in vitro and in vivo; in mice, it also
suppressed graft rejection and graft versus
host reactions (8).

On the other hand, it has been em-
phasized that the immune system can play
an important role in the pathogenesis of
tumor growth (9). Actually, the importance
of cell-mediated reactions in the host de-
fense against tumors is well established
(10), and the possible role of macrophages
in such a cell-mediated response to, or
control of, carcinogenesis has been dis-
cussed (11). In this paper we present the
results of our studies on the modification of
macrophage chemotaxis, one of the vital
functions of the monocyte, caused by cis-
Pt(NH,),Cl,.

Material and methods. Albino Wistar
rats weighing 200 = 15 g were used
throughout the experiments. Macrophages
were obtained by collecting the peritoneal
exudate (about 70% of macrophages) 3 days
after a peptone solution was injected ip.
The cells were washed three times with
sterile isotonic saline solution by centrifu-
gation at 800 rpm and suspended in TC
Medium (DIFCO) obtaining 3 x 10¢ cells
cm~3. Chemotaxis was studied by using the

Boyden chamber technique (12) as modified
by Jungi (13). cis-Pt(NH,),Cl, was prepared
according to Kaufmann (14). A 1072 M cis-
Pt(NH,),Cl, solution in water was prepared
and calculated amounts of this solution
were added to the macrophages suspension
(overall volume 5 cm?) in order to obtain Pt
concentrations ranging from 1.5 to 63 ug Pt
cm~3. The effective concentration was
evaluated by atomic absorption spectros-
copy. Fresh water solutions were used for
each run in order to repress the formation
of aquated species.

Forty rats divided in eight groups were
used. For in vitro tests the exudates of each
group of five were collected and mixed, and
the pool obtained was divided in several
fractions: all of these but one were treated
with the drug for the reported time at the
given temperature. The untreated fraction
was used as control. After the contact time
had elapsed, the macrophages were sepa-
rated from the medium, washed twice in
order to eliminate the residual drug, sus-
pended in a new medium and chemotaxis
was evaluated as reported above.

In order to exclude that a diminished
chemotatic response might be due to a cell
damage caused either by the drug or by the
manipulation process, viability of the mac-
rophages was controlled by using trypan
blue. Only at concentration of Pt higher
than 65 ppm did cell damage become evi-
dent. The effect of the drugirn vivo has been
investigated by evaluating the chemotactic
response of macrophage obtained from the
peritoneal exudates of 20 rats treated for 4
days with cis-Pt(NH,),Cl, at a rate of 8 mg
kg~! day™! (the overall 4-day dose corre-
sponds to ca. 20 ppm of Pt in vitro in our
experimental conditions).

Results. Figure 1 gives the depressive in-
fluence of the concentration of cis-
Pt(NH,),Cl, on the macrophage migration.
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FiG. 1. Ratio of the number of macrophages mi-
grated in the presence of cis-Pt(NH,),Cl, to the
number of macrophages migrated in the absence of the
drug. Macrophages incubated with the drug for 30 min
at 37°C. Standard deviation: ¢ = 3.9 x 1072,

R represents the ratio of the number of the
macrophages migrated in the presence of
the drug to the number of macrophages mi-
grated in the absence of the drug (time of
contact: 30 min). Standard mean deviations
are reported.

The results of the experiments in vivo
show a defective response of macrophages
obtained from treated rats.

Figures 2 and 3 give the effect of contact
time and temperature on the reduction of
macrophages chemotactic response.

Discussion. The results of our experi-
ments show that the compound cis-
Pt(NH,),Cl, depresses the macrophages
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FiG. 2. Effect of time of incubation on the mac-

rophages chemotaxis: ———, macrophages incubated
at 0°C; —, macrophages incubated at 37°C. o (a) =
48 X 107% o (b) = 4.4 x 1072,

165

1 1 ] i

0 10 20 30 40 50
109
Fi1G. 3. Effect of temperature of incubation on the
macrophages chemotaxis: ———, macrophages incu-
bated for 5 min; —— macrophages incubated for 30
min. o (a) = 2.28 X 1072, o (b) = 6.14 x 1072,

chemotactic function and such a depression
is strongly concentration dependent in the
range 0—50 ppm of Pt. It is noteworthy that
at concentrations as low as 5 ppm the
chemotactic ability is reduced to about
60%. At concentrations higher than 65 ppm,
cell damage is evident and the macrophages
lose their viability. It is, therefore, not
meaningful to evaluate the chemotaxis be-
yond that concentration. It should also be
emphasized that patients with neoplastic
diseases (prostate carcinoma, renal and
bladder carcinoma, matastatic diseases
(15—-18)) present a defective macrophage
chemotaxis, the defect being related to the
poor host defense and to the growth of
tumors. It is of relevance, thus, that cis-
Pt(NH,),Cl, used in the chemotherapy of
several tumors (e.g., testicular and ovarian
cancers (19—-20), leukemia (21), certain
head and neck cancers (22) and other
tumors), is itself an agent that can depress
the macrophage function.

At the moment it is difficult to assert the
mechanism by which cis-Pt(NH,),Cl, or
other Pt and Pd complexes inhibit the mac-
rophage chemotaxis. The metal could either
act on the cell surface or else interfere with
intracellular processes. It is ascertained
that CISPLATIN is able to bind the nucleic
acid and to proteins (—SH groups?) of the
membrane surface (23). At the moment it
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seems unlikely that the Pt action is related
to an interaction with the macrophage sur-
face constituents.

Considering that the metabolism of the
macrophages is strongly temperature de-
pendent (much slower at low temperature
than at 37°C) we have studied the tempera-
ture and time dependence of the defective
chemotactic response. We have used in this
study a concentration of 33 ppm of
platinum, which was shown to produce a
marked chemotactic defect without cell
damage. Figures 2 and 3 show that both
time of contact and temperature can play an
important role on the macrophage re-
sponse, but the effect of temperature is
much more important. These results seem
to support the view that Pt does not act on
the surface of macrophages (as the temper-
ature variation would not produce such a
dramatic change in the Pt—surface con-
stituents interaction), but it does interfere
with intracellular processes and, thus, ac-
tivity is strongly dependent on the concen-
tration level achieved in the cell. As a pas-
sive transport can be foreseen for CIS-
PLATIN through the cell membrane (24), it
must be concluded that the Pt concentra-
tion level in the cell is dependent on the
phagocytosis process, which is strongly
temperature dependent.

In the experiments in vivo a defective re-
sponse value around 60% with respect to
the macrophages obtained from untreated
rats was observed (respectively 83.7 = 5.1
for untreated rats and 49.4 + 1.9 for treated
rats).

Such an in vivo—in vitro relationship of
the activity of the Pt compound seems to
favor an intracellular action of CISPLATIN
rather than a surface interaction.

Studies are in progress in order to
evaluate the influence of other Pt(Il),
Pd(I1), and Rh(I) complexes on mac-
rophages.

Summary. cis-Pt(NH,),Cl,, a drug active
against a wide range of tumors in animals
and in man, has been found to cause mod-
ification of the macrophages chemotaxis.
The influence of the temperature and of
time of contact with the drug has been in-
vestigated and the results seem to support
an intracellular action of the drug, rather
than a surface interaction.

~

10.

12.
13.

19.

20.

21.

22.

23.

24.

MACROPHAGE CHEMOTAXIS MODIFICATION

. Rosenberg, B., Cancer Chemother. Rep. Part 1,

59, 589 (1975).

. Ghanta, V. K., Jones, M. T., Woodard, D. A.,

Durant, J. R., and Hiramoto, R. N., Cancer Res.
37, 771 (1977).

. Kovarik, J., Svec, F., and Zemonova, D., Neo-

plasma 24, 475 (1977).

. Gale, G.R., Atkins, L. M., Meischen, S.J.,

Smith, A.B., and Walker, E. M. Jr., Cancer
Treat. Rep. 61, 445 (1977).

. Hill, J. M., Loeb, E., MacLellan, A. S., Hill,

N. O., Khan, A., and Kogler, J., in **Platinum
Coordination Complexes in Cancer Chemother-
apy”’ (T. A. Connors and J.J. Roberts, eds.),
p. 145. Springer-Verlag, Berlin/New York (1974).

. Winokur, S., J. Med. Assoc. Ga. 66, 729 (1977).
. Conran, P. B., Diss. Abstr. B 34, 4469 (1974).
. Gale, G. R., in **Antineoplastic and Immunosup-

pressive Agents’ (A. C. Sartorelli and D. G.
Johns, eds.), Vol. 2, p. 829. Academic Press, New
York (1975).

. Fahey, J. L., Brosman, S., Ossorio, R. C.,

O’Toole, C., and Zighdboim, J., Ann. Intern.
Med. 84, 454 (1976).

Good, R., Proc. Nat. Acad. Sci. USA 69, 1026
(1972).

. Hibbs, J. B., Jr., Lambert, L. H., Jr., and Rem-

ington, J. S., Science 177, 998 (1972).

Boyden, S. V., J. Exp. Med. 115, 453 (1962).
Jungi, T. W., Int. Arch. Allergy Appl. Immun. 48,
341 (1975).

. Kaufmann, G. B., and D. O. Cowan, in ‘‘Inor-

ganic Syntheses’” (J. Kleinberg, ed.), Vol. 7, p.
241. McGraw—Hill, New York (1967).

. Brosman, S., Hausman, M., and Shacks, S., J.

Urol. 113, 841 (1975).

. Brosman, S., and Hausman, M., Urology 4, 129

(1974).

. Brosman, S., Hausman, M., and Shacks, S., J.

Urol. 114, 375 (1975).

Hausman, M., Brosman, S., and Snyderman, R.,
J. Nat. Cancer Inst. 55, 1047 (1975).

Einhorn, L. H., and Donohue, J. P., J. Urol. 117,
65 (1977).

Cavalli, F., Stoller, U., Tshopp, L, Sonntag,
R. W., and Brunner, K. W., Deut. Med.
Wochenschr. 103, 927 (1978).

Nitscke, R., Starling, K. A., Vats, T., and Bryan,
H., Med. Pediatr. Oncol. 4, 127 (1978).
Wittes, R. E., Cvitkovic, E., Shah, J., Gerold,
F. P., and Strong, E. W., Cancer Treat. Rep. 61,
359 (1977).

Horer, O. L., Nicolau, C., FEBS Lett. 14, 262
(1971).

Gale, G. R., Morris, C. R., Atkins, L. M., and
Smith, A. B., Cancer Res. 33, 813 (1973).

Received June 18, 1979. P.S.E.B.M. 1980, Vol. 164.



