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The search for the ways to overcome tumor chemo-
resistance leads to the study of the role of immune mech-
anisms in cancer [1–4]. It was demonstrated that
chemoresistant tumors are more susceptible to cyto-
toxic action of lymphocytes activated by cytokines (LAC)
(IL-2 or γ-INF) than chemosensitive ones. According to
the data [5], the increased sensitivity of tumor cells was
associated with the expression of extracellular ð-gp
epitope on tumor cells as well as on lymphocytes; it was
supposed that ð-gp expression on tumor cells potenti-
ates the presentation of tumor antigens [6]. In other re-
ports, it was shown that the sensitivity of tumors to LAC
might depend on the expression of ð170 protein [7], some
adhesive molecules and carbohydrates [1, 8]. However,
the exact role of lymphocytes in the killing of tumor cells
especially upon the development of drug-resistance is
far from being clear yet.

The work was aimed on the research of antitumor
activity of lymphocytes upon the development of DOX-
resistance in mice with transplanted MCA-induced
rhabdomyosarcoma (MCA-RMS).

MATERIALS AND METHODS

In the work male BALB/c mice weighting 15–20 g
bred in the vivarium of R.E. Kavetsky Institute of Ex-
perimental Pathology, Oncology and Radiobiology, NAS
of Ukraine (Kyiv, Ukraine) were used. The achieve-
ment of DOX-resistance was performed by sequential
transplantation of MCA-RMS cells (7 · 105 cells/0.2 ml
of physiologic saline/animal) and simultaneous intra-
peritoneal DOX administration at a dose of 1.5 mg/kg
(1 injection/day) starting from the day 7th for 5 days. In
total, 7 courses of transplantations were performed. The
experimental animals were divided in 2 groups (ani-
mals that didn’t receive received or DOX-injections —
groups 1 and 2 respectively).

Lymphocytes were obtained by the homogeniza-
tion of the distant lymph nodes in Potter’s homogeni-
zer; the adherent fractions of lymphocytes were re-
ceived by sorbtion on the plastic Petri dish. Antitumor
activity of lymphocytes was studied in the model sys-
tem of double diffusional chambers; lymphocytes and
tumor cells were isolated on the day 7th and day 14th

after tumor transplantation and were cocultivated on
different filters in the relation 1 : 1 (5 · 105 cells). The
cells were cultivated for 5 days in the complete RPMI-
1640 medium (Sigma, USA) at 37 °Ñ in 5% ÑÎ2. Then
the filters were fixed in ethanol/formol mixture, stained
by Karacchi hematoxiline, treated with spirits of increas-
ing concentration (50°, 70°, 96°, 100°) and xylol; the
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preparations were examined by light microscopy with
the use of Canadian balsam.  The antitumor activity of
lymphocytes was characterized by morphological cri-
teria of tumor cell growth according to [9].

The development of DOX-resistance was estimat-
ed as the index of tumor growth inhibition (ITGI) calcu-
lated according to [10, 11]. Also, the level of DNA de-
gradation in tumor cells was evaluated by the method
of impulse electrophoresis in the inversed field [12].
1 · 106 of tumor cells in 50 µl of the medium were mixed
with equal volume of 1.45% agarose. The agarose frag-
ment containing 3 · 105 cells was applied to impulse
electrophoresis in 0.75% agarose gel in the inverse field;
then the gel was stained with 0.001% ethidium bro-
mide solution and viewed in transilluminator (LKB Prod-
uct, Sweden).

To evaluate metabolic activity of lymphocytes, stan-
dard cytochemical methods were used (staining of
DNA- and RNA-containing structures, determination
of succinate- and lactate dehydrogenase activities
(SDG and LDG, respectively), acid phosphatase and
nonspecific esterase).

RESULTS AND DISCUSSION

Whilst the original strain of transplantable MX-RMS
possessed high sensitivity to DOX (the ITGI after 1st

course of DOX-administration was 86%), after 3rd and
7th courses ITGI was 70 and 0%, respectively, that
pointed to the development of DOX resistance.

The research of DNA degradation in tumor cells
(data not presented) has demonstrated that the maxi-
mal degradation occured in the cells of the DOX-sen-
sitive tumor after treatment with DOX in theurapeutic
dose; however, after 7 courses of DOX administration
DNA degradation wasn’t observed. Those data point
to the development of DOX-resistance.

Our study has shown that antitumor activity of lym-
phocytes isolated from regional lymph nodes is de-
tected only on the early stages of tumor development,
whilst for lymphocytes from distant lymph nodes it is
preserved on the late stages, too. So, in the research
the lymphocytes from the distant lymph node were
studied.

The comparison of antitumor activity of lymphocytes
has demonstrated that the sensitivity of tumor cells to
lymphocyte action is changing not only during DOX-
resistance development, but during tumor growth, too

(Table 1). The most notable changes were detected on
the 14th day of tumor growth: after 3rd course of DOX
administration lymphocytes possessed high antitumor
activity, after 4th course they didn’t influence tumor
growth, and after 7th course they promoted tumor growth
(see Table 1). So, the early stage of DOX-resistance
development may be characterized by high antitumor
activity of lymphocytes.

Next, the pool of lymphocytes isolated from the dis-
tant lymph nodes was divided to adherent and nonad-
herent fractions and antitumor activities of the fraction
enriched with cytotoxic T-lymphocytes and natural killer
cells, and fraction enriched with B-lymphocytes were
compared (see Table 2). We have revealed that at early
stages of tumor growth (7th day) lymphocytes from non-
adherent fraction from both groups of animals pos-
sessed antitumor activity; however, lymphocytes from
adherent fraction possessed antitumor activity only in
group 2 (DOX-resistant) (see Table 2). Those differ-
ences became more evident on latest stages of tumor
growth: lymphocytes from both fractions isolated from
animals of group 1 didn’t have antitumor activity; more-
over, even stimulation of tumor cell growth was ob-
served (see Table 2). At the same time, in group 2, the
lymphocytes from adherent fraction inhibited, and from
nonadherent — activated the growth of tumor cells.

The study of morphology and metabolic properties
of lymphocytes demonstrated that they are mainly re-
presented by small lymphocytes (the number of larger
cells is small) with different level of cytoplasmic baso-
phylia and dispersed chromatin structure. On the day
14th, the maximal amount of the cells with the signs of
activation was observed in the adherent fraction (group 1)
as well as in lymphocyte population from group 2.

Cytochemical research has demonstrated that in
comparison with the control, at the 7th day in lympho-
cytes from group 1 SDG activity increased, whilst at
that terms it was found to be decreased in lympho-
cytes from group 2; however, it was decreased at the
14th day in lymphocytes from both groups. The LDG
activity increased in lymphocytes from animals from
group 2, and drastically decreased in those from
group 1. Lymphocytes (especially from non-adherent
fraction) from animals from group 2 were character-
ized also by increased acid phosphatase and α-naphtyl
acetate esterase activities in all terms of research.

Table 1. Antitumor activity of lymphocytes from MCA-RMS-bearing mice during the development of DOX-resistance (3rd, 4th, 7th courses of DOX) 

The value of tumor cell growth (grade)* 

Group 2 Control (Group 1) 

3rd course 4th course 7th course 

Conditions of cell growth 

7th day 14th day 7th day 14th day 7th day 14th day 7th day 14th day 

Tumor cells 2 3 8 3 4 6 2 5 
Tumor cells + lymphocytes 3 5 3 3 7 6 2 6 

*evaluated according to [9]. 

Table 2. Antitumor activity of lymphocyte preparations (I — total lymphocytes; II — nonadherent fraction; III — adherent fraction) from MCA-RMS-bearing 
mice 

The value of tumor cell growth (grade)* 

Control I II III 

Conditions of cell growth 

7th day 14th day 7th day 14th day 7th day 14th day 7th day 14th day 

DOX-sensitive tumor cells + lymphocytes 2 2 3 5 1 3 1 3 
DOX-resistant tumor cells + lymphocytes 2 5 2 6 1 6 2 3 

*evaluated according to [9]. 
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The detected activation of lymphocytes and de-
crease of SDG and LDG activities in those cells from
group 1 was accompanied by increase of tumor growth.

In conclusion, upon the stage of the developed
DOX-resistance only the lymphocytes from adherent
fraction (i.e. mainly B-lymphocytes) possessed anti-
tumor activity. It is known that B-lymphocytes may ac-
tively destruct cancer cells [13] via production of cyto-
toxic cytokines [14, 18, 19], specific antitumor antibodies
[15, 16] or regulation of T-lymphocyte functions [17].
In our model system, the antitumor effect of lympho-
cytes may be possibly explained by cytokine produc-
tion and/or activation of B-lymphocytes by macro-
phages (lightly present in adherent fraction) and due to
B-B-cell interaction [20, 21].

As it was mentioned above, lymphocytes from non-
adherent fraction (natural killer cells and cytotoxic
T-lymphocytes) from the group with DOX-resistant tu-
mors have no antitumor activity and decreased meta-
bolic activity in comparison with those from DOX-sen-
sitive group. Thus, the development of DOX-resistance
suppresses cytotoxic action of lymphocytes from non-
adherent fraction.

In conclusion, our data demonstrated that the de-
velopment of DOX-resistance is accompanied with
changes of the sensitivity of tumor cells to antitumor
action of lymphocytes. Whilst the growth of tumor cells
on the early stages is mainly suppressed by lympho-
cytes from nonadherent fraction (enriched by T-cells
and natural killer cells), on the latest stages it is affec-
ted by B-lymphocytes.
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