in vitro are factors which lead to an increase in SCE in cells in culture. It can be postu-
lated that it is the actual procedures of isolation of the cells and obtaining of a primary
culture which lead to an increase in the number of SCE in cells in culture compared with the
number estimated in vivo. Evidence in support of this conclusion is given by the fact that
the frequency of SCE in lymphocytes during culture of whole blood averages 8.5 per cell [3],
but when the additional procedure of isolating the cells with Ficoll is used the number of
SCE increases to 1l.4 exchanges per cell [5].
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One of the most promising and effective methods of tumor immunotherapy is considered to
be the use of combinations of immunomodulators with different mechanisms of action on cells
of the immune system, and for that reason capable of potentiating each other's effect [8].
The writers previously demonstrated the synergic action of immunomodulators of bacterial
origin, namely lipopolysaccharide (LPS) and muramyl dipeptide (MDP), on activation of the
production of tumor necrosis factors (INF) and of interleukin-1 in mice in vitro [4]. It
was shown that the combined use of LPS and MDP can induce necrosis and regression of sub-
cutaneous nodes of highly immunogenic syngeneic tumors: sarcoma Meth A in BALB/c mice [6]
and sarcoma SA-1 in A/Sn mice [5]. This paper describes a study of the effect of a combina-
tion of LPS and MDP on growth of syngeneic mastocytoma P815, which has low immunogenicity,

"in DBA/2 mice. The cyclo-oxygenase inhibitor indomethacin and the cytostatic cyclophospha-
mide also were used for immunotherapy.

EXPERIMENTAL METHOD

Male DBA/2 (H-24) mice weighing 18-20 g were used. Injection of 10°® mastocytoma P815
(H-24) cells, maintained in vivo by weekly passages in DBA/2 mice, was given subcutaneously
into the right side. After 5 days, either LPS of E. coli 055:B5 ('Difco," USA) in a dose
of 5 ug per mouse or MDP (obtained from N. V. Bovin, Institute of Biocorganic Chemistry) in a
dose of 15 ug per mouse, or a combination of LPS and MDP, in 0.2 ml of medium 188 was inject-
ed at the site of injection of the tumor cells; some mice were injected with tumor cells
only. TImmunotherapy was given 5 times at intervals of 2-3 days (experiments of series I).

In series II the mice were divided into seven groups with 10 animals in each group. A mixture
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TABLE 1. Synergism of Action of LPS and MDP on Regression of Subcutaneous P815
Tumors in DBA/2 Mice

. Mean diameter of |percentage of mice| Survival rate,
Group Number of mice | Immunomodulator{tumor, mm with regression of | ¢
tumor
I 13 — 17,5 0 15
2 10 MDP 16,8 0 20
3 10 LPS 11,5 25 40
4 15 LPS + MDP 6,0 56 60

Legend. Data for 20th day after inoculation of tumor cells and 2 days after fifth
injection of preparations are given.
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Fig. 1. Increase in length of survival of
DBA/2 mice with mastocytoma P815 after in-
jection of a combination of LPS and MDP
into the tumor. Abscissa, time after in-
jection of tumor cells (in days); ordinate,
%Z of surviving animals. Arrows indicate
time of injection of preparations. 1-7)
Groups of mice.

of LPS and MDP in the above-mentioned doses was given 5 days after subcutaneous injection of
the P815 cells (10°), at the site of injection (group 1). The same preparations were used

in groups 2-6. The mice of group 2 drank a solution of indomethacin ("Sigma," initial solu-
tion 2.5 mg/ml in ethanol) throughout the experiment in a final concentration of 7 ug/ml. In
group 3, 2 h before the first injection of the preparations, a sclution of cyclophosphamide
("Serva,' West Germany) was injected intraperitoneally in a dose of 100 mg/kg. In group 4,

a combination of LPS and MDP in the above doses was injected intravenously 1, 3, and 5 days
after inoculation of the tumor cells. As an additional measure, simultaneously with LPS

and MDP intact syngeneic splenocytes were injected into the tumor in a dose of 5 x 10° per
mouse (group 5) or the same dose of splenocytes, treated for 24 h with LPS and MDP and subse-
quently washed (group 6) were injected into the tumor. HNone of the preparations was given to
control mice with tumors (group 7). Preliminary experiments showed that injection of medium
199 into the tumor did not affect growth of mastocytoma P815 in DBA/2 mice. In all groups a
mixture of LPS and MDP was injected 5 times into the tumor, 5, 8, 11, 14, and 17 days after
injection of the tumor cells. Two perpendicular diameters of the subcutaneous tumors were
measured by means of calipers and the mean value calculated. In the experiments of series
IIT, in order to locate the immunologic memory, DBA/2 mice were given a second subcutaneous
injection of 10° mastocytoma P815 cells after 8 months, and the duration of survival of the
animals was counted.

EXPERIMENTAL RESULTS

In the experiments of series I the effect of injection of LPS, MDP, and a mixture of the
two into the tumor on growth of subcutaneous nodes of mastocytoma P815 was investigated in
DBA/2 mice. The results obtained 20 days after inoculation of the tumor cells and 2 days
after the fifth injection of the preparations are given in Table 1. In most mice receiving
both preparations by injection into the tumor, necrosis and regression of the nodes were ob-
served and the mortality of the animals was reduced. In one of 10 mice regression of the
tumor was observed after injection of LPS alone. Immunotherapy with MDP alone did not affect
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Fig. 2. Regression of subcutaneous nodes of
mastocytoma P815 in DBA/2 mice after injections
of a combination of LPS and MDP into the tumor.
Ordinate, mean diameter of tumor (in mm). Re-
mainder of legend as to Fig. 1.

growth of the tumor or survival. This is evidence of the synergic immunotherapeutic action
of LPS and MDP when injected into the tumor in DBA/2 mice with subcutaneous nodes of masto-
cytoma P815. Meanwhile, systemic injection of a combination of the preparations had no
significant effect on growth of this tumor [2].

In the experiments of series II the effect of preliminary sensitization of the animals
with LPS and MDP (group 4), of inhibition of function of suppressors by indomethacin (group
2) or by cyclophosphamide (group 3), and of intact and activated lymphoid cells (groups 5 and
6) on the therapeutic action of injections of a combination of LPS and MDP into the tumor,
was investigated. All the control mice died 20-30 days after injection of tumors cells.

The highest survival rate (up to 40%) was observed in groups 1, 2, and 5, i.e., no increase
in the efficacy of a combination of LPS and MDP was observed under the influence of the
additional factors mentioned above. The treated animals survived 8 months (period of
observation).

The same groups of experiments are demonstrated in Fig. 2, but the dynamics of the diam-
eters of the tumor cells throughout the experiment was used as the criterion of efficacy of
the preparations. Combined injection of cyclophosphamide intraperitoneally and LPS + MDP
into the tumor (group 3) gave unfavorable results. In the remaining groups the tumors pro-
gressively decreased in size and at about the same rate. Morphological and histochemical
investigations showed that massive necrosis in the subcutaneous P815 nodes was associated
with the formation, initially, of juxtamural and later of occlusive fibrin thrombi in
capillaries and venules supplying the tumor. This is in agreement with the morphological
picture after injection of TNF [9]. Evidence that TNF generated under the influence of LDS
and MDP in vivo [5] and in vitro [4] has an indirect action on tumor cells is given by the
absence of its cytostatic effect on tumor P815 cells in vitro [3].

The experiments of series III showed that the thrombonecrotic stage of the action of
LPS and MDP is followed by a stage of development of antitumor immunity. A second injec-
tion of P815 cells (10%) subcutaneously into DBA/2 mice successfully treated for tumor and
surviving 8 months (from groups 1, 2, and 5 of the experiments of series II) led to growth
followed by rejection of the tumors, and to survival of about 507 of the mice for 7 weeks
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Fig. 3. Increase in survival time of DBA/2

mice receiving a second injection of P815 cells
8 months after regression of primary tumors.
Abscissa, time after subcutaneous injection of
106 P815 cells (in days); ordinate, % of surviv-
ing animals. 1) Intact DBA/2 mice, 2) DBA/2
mice treated 8 months previously for primary
P815 tumor by a combination of LPS and MDP. Each
group consisted of 10-12 animals.

(Fig. 3). Development of tumor-specific immunity in the mice after immunotherapy with TNF
was demonstrated previously [10]. During combined administration of LPS and MDP to mice
with tumors, activation of tumor-specific killer T cells and inhibition of suppressor func-
tion were revealed.

It can be tentatively suggested that the immunosuppressor function of these tumor
cells in necrotic zones of P815 tumors is depressed [1, 11] and that recirculating T lympho-
cytes are not inactivated but, on the contrary, they are immunized under the influence of
tumor antigens and with the indirect booster action of LPS and MDP.
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