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Single intraperitoneal injection of cyclophosphamide in a maximum permissible dose (250
mg/kg) followed by immunization with thymus-dependent antigen (sheep erythrocytes) mar-
kedly suppressed the formation of antibody-producing cells in the spleen, especially at early
stages of cytostatic disease, and delayed the synthesis of specific antibodies in male CBA/
CaLac mice. Platidiam (cisplatin) injected in comparable doses 4 days before immunization
practically did not suppress the formation of antibody-producing cells and their functional
activity, but being injected 30 days before immunization reduced the number of antibody-

producing cells.
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Polychemotherapy is widely used in oncology [3].
Various antineoplastic drugs, including alkylating agents
(cyclophosphamide, CP), are often applied in combi-
nation with platinum preparations (Platidiam). It is
important to study the effects of these preparations not
only on tumor cells, but also on normal and inten-
sively proliferating cells (e.g. immune cells). Here we
studied the formation of antibody-producing cells
(APC) in the spleen during experimental cytostatic
disease.

MATERIALS AND METHODS

Experiments were performed on male CBA/CaLac mice
weighing 16-18 g (Rassvet nursery, Tomsk). The ani-
mals received single intraperitoneal injection of CP
(Biokhimik, Saransk) or cisplatin (Platidiam, Lache-
ma) in a maximum permissible dose (MPD, 250 and
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9 mg/kg, respectively) determined by a graphic probit
analysis.

Experimental mice were immunized with corpus-
cular thymus-dependent antigen (sheep erythrocytes,
SE) by a single intraperitoneal injection of 15% eryth-
rocyte suspension (0.2 ml) on days 4 (series I) or 30
(series II) after the treatment with antineoplastic drugs.
The animals were decapitated on days 4, 7, 14, 21, and
30 after immunization, or 3 and 6 months after the
administration of cytostatic drugs. Parameters of the
immune system in treated mice were compared with
those in intact animals and in mice receiving only the
antigen (control). The absolute number of APC in the
spleen was counted as described elsewhere [14]. Se-
rum antibody titers were determined by the reaction
of hemagglutination [7]. To estimate the isotype of he-
magglutinins, 50 pl 0.1 M 2-mercaptoethanol were
added to 50 pl inactivated serum diluted 1:5 and incu-
bated at room temperature for 1 h; the reaction of he-
magglutination was then conducted [7].

The results were analyzed by standard methods of
variational statistics.
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RESULTS

The dynamics of APC accumulation in the spleen was
similar in all immunized mice (Fig. 1). The absolute
number of APC was maximum on day 4 after admi-
nistration of SE and returned to the control by the end
of the 1st month. However, in immunized mice receiving
CP this parameter was below the control over 1 month
of observations, especially after immunization on day
4 after cytostatic treatment (Fig. 1, a).

In this case, the decreased number of APC was
probably due to the toxic effects of CP on T and
B-lymphocytes and macrophages involved in the forma-
tion of the primary humoral immune response. There-
fore, the number of cells undergoing proliferation, diffe-
rentiation, and blast-transformation sharply decreased.
This assumption is confirmed by previous data that CP
in MPD reduced the contents of various B cell subpo-
pulations in the bone marrow and spleen [5,6,15] and
T helper cells in the bone marrow [2] and suppressed
functional activity of mononuclear phagocytes [9].

Reduced number of APC in the spleen of mice
immunized on day 30 after injection of CP (Fig. 1, b)
was probably related to impaired functional activity of
cells involved in this process (macrophages and T1
helper cells) and the effects of suppressor cells, in
particular T suppressors and erythroid cells, on anti-
body formation. Immunization on day 30 after injec-
tion of CP (series II) coincided with high content of
erythroid cells in the spleen. It is known that erythro-
poiesis is stimulated by prostaglandin E,. Prostaglan-
din E, suppressed production of interleukin-1 (IL-1)
by macrophages [8] and T1 helper cells and reduced
expression of IL-2 receptors. This prevents activation of
T2 helper cells, which react with B lymphocytes and via
cytokines IL-4 and IL-10 induce proliferative processes
and synthesis of specific antibodies. Furthermore, sti-
mulation of T suppressor cells with prostaglandin E,
[11] can be the cause of weak immune response in
mice. Erythroid cells can also produce suppressive ef-
fects: immature cells inhibit B lymphocyte prolifera-
tion, while mature cells affect APC formation [4,13].

The effects of cisplatin on the content of APC in
the spleen of immunized mice differed from those of
CP (Fig. 1, a). The number of APC in these mice prac-
tically did not differ from the control probably due to
lower sensitivity of resting cells to cisplatin and com-
plete recovery of lymphoid elements in the spleen by
the time of immunization (day 4 after cytostatic treat-
ment). However, the content of APC in mice immuni-
zed 30 days after injection of cisplatin remained be-
low the control over 3 months of observations. There
were no statistically significant differences between
animals of these groups by the 6th month of observa-
tions (Fig. 1, b). In this case, the low number of APC
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Fig. 1. Absolute number of antibody-producing cells (APC) in the
spleen of CBA/Calac mice immunized on day 4 (a) or 30 (b) after
administration of cyclophosphamide or cisplatin in maximum
permissible dose. Here and in Fig. 2: immunization (7), cyclo-
phosphamide+immunization (2), cisplatin+immunization (3), intact
animals (4).

can be attributed to suppression of proliferation of SE-
stimulated target cells by intensively proliferating cells
[10], because immunization coincided with consider-
able accumulation of lymphoid cells at various stages
of maturation.

The level of IgM hemagglutinins in the serum of
immunized mice peaked on day 4 after immunization.
The only exception were the animals receiving SE at
the early period after injection of CP; in these mice,
serum content of IgM hemagglutinins peaked on day
4 after immunization (Fig. 2, a, c).

The content of IgG antibodies in control mice and
in animals immunized after injection of cisplatin and CP was
maximum on days 14, 7, and 21, respectively (Fig. 2, b, d).
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Fig. 2. Levels of specific IgM (a, ¢) and IgG antibodies (b, d) in the serum of mice immunized on day 4 (a, b) or 30 (¢, d) after single

injection of cyclophosphamide or cisplatin.

This delay of peak IgM and IgG titers in mice
treated with CP is probably related to suppression of
mitotic activity and inhibition of DNA synthesis in
cells by this cytostatic, which leads to lengthening of
S and G2 phases of the cell cycle and, therefore, de-
layed production of IgM and IgG antibodies [1]. Fur-
thermore, delayed transition to the synthesis of IgG
antibodies can be associated with suppressed function-
al activity of T lymphocytes producing factors (BCDFu
and BCDFg) promoting this process [12].

Repeated increase in the content of APC in the
spleen and IgM antibodies in the serum of mice (in-
cluding control animals) at the late stage of observa-
tions is probably associated with impaired resistance
of animals during long-lasting experiments and acti-
vation of opportunistic microorganisms. Some compo-
nents of these microorganisms probably have antigens
cross-reacting with SE and yielding false positive resuits
in the analysis (local hemolysis) of APC in the spleen.

In addition, bacterial polysaccharides induce T cell-in-
dependent polyclonal activation of B lymphocytes
and, similarly to other thymus-independent antigens,
initiate production of cells synthesizing IgM, but not
IgG antibodies, which are detected in the reaction of
hemagglutination with SE due to the presence of cross-
reacting antigens.

Hence, CP suppresses the formation of APC in
the spleen at the early and late periods after its stimu-
lation with SE and delays the synthesis of specific
IgM and IgG antibodies. However, suppressive effects
of cisplatin on the humoral immune response are man-
ifested in decreased number of APC in the spleen only
at late terms after treatment.
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