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Currently, one pressing issue concerns the degree
to which the exposure of a parent generation to radia-
tion can influence the health of the progeny, in other
words, problem of genetic consequences of exposure
to radiation. Genetic effects, as opposite to somatic
ones, include those consequences which arise in the
progeny of exposed parents in the absence of radia-
tion factor acting on the progeny [1, 2]. A number of
investigators consider that increased carcinogenic risk

is one of the genetic effects of exposure to irradiation
[1, 3]. This aspect of the problem, however, has not
been investigated in sufficient details, especially the
effects of low doses of ionizing radiation.

Information resulting from studies of carcinogenic
risk as a somatic effect of exposure to low-dose irradi-
ation is contradictory. High probability of increase in
oncological risk is suggested by analytical papers [4�
6], findings of studies on experimental animals who had
been kept during their lifetime in the Chernobyl NPP
30-km zone [7, 8], and the data of epidemiological and
clinical investigations of particular categories of popu-
lation who suffered as a result of the Chernobyl acci-
dent [9, 10]. On the other hand, results of a number of
experimental studies point to a decreased yeild, re-
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Antitumor resistance was investigated in progeny (F
1
�F

2
) of C57Bl males who had been exposed for a long time to

irradiation in the Chernobyl NPP zone without exposure of the progeny to above-natural background loads in the
embryonic and postnatal periods. Uniform-type changes were found in antitumor resistance to both highly antigenic
(B-16 melanoma) and low antigenic (Lewis carcinoma) tumors. The character of changes in antitumor resistance
was shown to vary in different generations of exposed animals� progeny. Depending on the activity of effectors of
non-specific antitumor responses, effectors of specific immune cytolysis, and suppressor activity, antitumor resistance
to the transplantable model tumors studied was reduced (in F

1
), unchanged or even increased (in F

2
). Our findings

suggest that changed antitumor resistance may be reckoned as one of the genetic effects of prolonged exposure of
one of the parents (male) to combined irradiation in low doses.
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Ïðîâåäåíî èçó÷åíèå ïðîòèâîîïóõîëåâîé ðåçèñòåíòíîñòè ïîòîìêîâ (F
1
�F

2
) ìûøåé-ñàìöîâ ëèíèè C57Bl, äëèòåëü-

íî îáëó÷àâøèõñÿ â çîíå îò÷óæäåíèÿ ×ÀÝÑ, ïðè óñëîâèè îòñóòñòâèÿ íàäôîíîâûõ ðàäèàöèîííûõ íàãðóçîê â
ýìáðèîíàëüíûé è ïîñòíàòàëüíûé ïåðèîä æèçíè ïîòîìñòâà. Îòìå÷åíî ñóùåñòâîâàíèå îäíîòèïíûõ èçìåíåíèé
ïðîòèâîîïóõîëåâîé ðåçèñòåíòíîñòè êàê ê âûñîêîàíòèãåííîé (ìåëàíîìà Â-16), òàê è ê íèçêîàíòèãåííîé (êàðöè-
íîìà Ëüþèñ) îïóõîëÿì. Îáíàðóæåíî, ÷òî õàðàêòåð èçìåíåíèé ïðîòèâîîïóõîëåâîé ðåçèñòåíòíîñòè âàðüèðîâàë â
ðàçíûõ ïîêîëåíèÿõ ïîòîìñòâà îáëó÷åííûõ æèâîòíûõ. Â çàâèñèìîñòè îò ñîîòíîøåíèé àêòèâíîñòè ýôôåêòîðîâ
íåñïåöèôè÷åñêèõ ïðîòèâîîïóõîëåâûõ ðåàêöèé, ñïåöèôè÷åñêîãî èììóííîãî öèòîëèçà è àêòèâíîñòè ñóïðåññîðîâ
íàáëþäàëè êàê ñíèæåíèå ïðîòèâîîïóõîëåâîé ðåçèñòåíòíîñòè (F

1
), òàê è îòñóòñòâèå äîñòîâåðíîãî ýôôåêòà îáëó-

÷åíèÿ èëè ïîâûøåíèå óñòîé÷èâîñòè ê ðîñòó ïåðåâèâàåìûõ  ìîäåëüíûõ îïóõîëåé (F
2
). Ïîëó÷åííûå äàííûå ïî-
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tarded growth, and/or enhanced regression of malig-
nant tumors in animals exposed to low-dose irradia-
tion [11�14].

An independent pathogenic role of the immunomod-
ulating effects of low-dose ionizing irradiation was
shown in both phenomena � in increased carcinogenic
risk and enhanced growth of tumors, and in suppres-
sion of tumor processes [11, 14, 15]. Given the fact
that changes in the characteristics of the immune sys-
tem may represent not only a somatic effect but also a
genetic effect of prolonged exposure to low doses of
ionizing radiation [16], elucidation of immunologically
mediated mechanisms of changed antitumor resistance
in progeny of exposed parents is of great interest.

Based on the above, the goal of our work was to study
antitumor resistance of progeny of male mice who had
been kept in the Chernobyl zone for a long time without
exposure of the progeny to above-natural background
loads in the embryonic and postnatal periods.

MATERIALS AND METHODS
The study involved two generations (F1 and F2) of

C57Bl mice bred in the nursery of the R.E. Kavetsky
Institute of Experimental Pathology, Oncology and Ra-
diobiology of the National Academy of Sciences of
Ukraine (IEPOR) who were progeny of animals exposed
to low-dose ionizing irradiation.

Male mice (F0) were delivered to the IEPOR experi-
mental center in Chernobyl at the age of 2 months and
had been kept there for 3.5 months. The animals were
exposed to background irradiation and dietary radionu-
clides (from water and provender polluted with radionu-
clides from Chernobyl discharge). The activity of the daily
ration and drinking water was mainly attributable to 134Cs,
137Cs, 90Sr, and 90Y. The overall dose was 60 mGy, in-
cluding 9.5 mGy of external and 50.5 mGy of internal
irradiation. The dose loads of transuranium a�emitters
were not assessed. Radiobiological conditions of the in-
vestigation and methods of estimation of the doses were
the same as described earlier [17, 18].

After having returned to Kyiv, the exposed males
were paired with females of the same strain (1 male to
2 females). Their progeny (F1) and animals of further
generations were borne and kept during their lifetime
without increased irradiation loads (in the IEPOR nur-
sery). For the second generation of animals, F1 males
were paired with females at the same ratio. C57Bl mice
bred (F0�F2) and kept in Kyiv served as controls.

The susceptibility to tumor growth in F1 progeny was
studied using the model of B-16 melanoma, in F2 pro-
geny � using the models of B-16 melanoma and Lewis
carcinoma. Tumors were transplanted in animals of 3
to 3.5 months of age by a standard inoculation of tumor
cells: for B-16 melanoma � 3.0 · 105 cells per mouse,
intra-muscular, in thigh; for Lewis carcinoma � 1.5 · 105

cells per mouse, in foot. In the experimental and con-
trol groups, the yeild of tumors as well as latent period
duration, dynamics of primary tumor growth, number
and volume of lung metastases, and life span of tu-
mor-bearing hosts were assessed and analyzed using
commonly accepted methods [19�21].

Antigen-specific tumor-associated immunosup-
pression was assessed through in vitro blast-transfor-
mation of spleen and lymph node lymphocytes (local
and counterlateral with respect to the tumor) of F1 hosts.
Mitogenesis was induced by B-16 cells treated for
30 min with 25 mg/ml mitomycin C (MPS Laboratories
(Pty) Ltd, Japan) [22].

In F2 (mice who failed to develop tumors after tumor
cell injection), the following indices were assessed: ac-
tivity of NK cells in an in vitro cytolysis test (with Ê562 as
target cells); activity of cytotoxic lymphocytes in an in vitro
cytolysis test (with B-16 cells and Lewis carcinoma cells
as target cells) [23]; spontaneous antigen-specific sup-
pressor activity in the lymphocyte adoptive transfer sys-
tem (lymphocytes of tested animals were transferred to
syngeneic recipients and the degree of reduction of the
latter�s response to Con A (100 mg/mouse, Sigma, USA)
was assessed) [24]; and level of functional activity of
spleen T lymphocytes (by IL-2 production activity) [24]
and macrophages (by activity of production of TNF and
IL-1) [24, 25].

TNF activity in Sn of macrophage cultures was assessed
by cytotoxic effects in serial dilutions (1 : 2 to 1 : 32) on
L929 cells in the presence of actinomycin D (1 mg/ml, Ser-
va, USA) [26]; IL-1 � in comitogenic thymocyte stimula-
tion test with PHA, 3 mg/ml, Sigma, USA) [26]; IL-2 � by
its capability to restore proliferative response of thymocytes
from Balb/c mice to mitogen (Con A, 5 mg/ml, Sigma, USA)
blocked by hydrocortisone (Koch-Light Laboratories Ltd,
Great Britain, 10�6 mol/l) [24].

Statistical analysis of the results was carried out with
the use of Student t-test [27].

RESULTS AND DISCUSSION
Investigation of antitumor resistance (models: B-16

(F1�F2) and Lewis carcinoma (F2)) of animals whose
parents had been exposed for a long time to low-dose
ionizing radiation showed some differences between
progeny of the first and the second generation.

In the first generation, tumors developed in all (11 out of
11) animals of the experimental group who were challenged
with tumor cells; in the control group, tumors developed in
9 out of 10 animals (Table 1). The latent period of tumor
development was virtually the same in both experimental
and control groups. At the same time, in progeny of ex-
posed animals, primary tumors grew more rapidly, me-
tastases were more numerous and larger is size, and life
span was reduced relative to the control group.

Earlier, we investigated the immune status of F1 pro-
geny and showed that these animals feature lower (by
86%) than in intact C57Bl mice level of NK cell activity,
reduced (by 12%) number of mature T lymphocytes in
peripheral lymph nodes, and suppressed (by 65%) LBTR
to polyclonal Ò mitogen [16]. However, as one can see
from Table 1, these changes in the immune system were
insufficient for affecting yields of tumors and latent peri-
od duration after challenging with 3 · 105 B-16 cells.

Accelerated growth of both primary tumors and me-
tastases, as well as reduced life span of F1 progeny may
be only partially attributed to baseline peculiarities of their
immune system. We supposed that this phenomenon in
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the experimental group may be attributable to peculi-
arities of the immune response accompanying the tu-
mor growth. On day 16 after the challenge (volume of
primary tumors in both experimental and control groups
~ 1 ñì3), we investigated in vitro LBTR on lymphocytes
from control and experimental mice to B-16 melanoma
(cells treated with mitomycin C). As Table 2 suggests,
LBTR indices in control and experimental tumor-bear-
ing mice were lower than in tumor-free animals. In other
words, tumor growth was accompanied by the develop-
ment of antigen-specific tumor-associated immunosup-
pression. In the experimental group, however, the
suppression was stronger. In the control group, positive
LBTR indices were observed in all variants of the assay
(in cultures of lymphocytes from local lymph nodes and
lymph nodes counterlateral with respect to the tumor and
in spleen lymphocytes); in the experimental group, all
tested lymphocytes were negative in LBTR. In the ex-
perimental group, suppression indices were 1.3, 2.7 and
4.2 times higher, respectively, than in the control group.

Based on these findings and data about initial (pre-
challenge) reduction of NK cell activity and LBTR in F1

progeny, one can assume that the reduced antitumor
resistance of animals from the experimental group ap-
pears to be attributable to a considerable extent to the
suppression of both natural cytotoxic lymphocytes and
T-cellular immunity responses accompanied by tumor-
associated immunosuppression.

Investigation of tumor growth peculiarities in F2 pro-
geny on the models of B-16 melanoma and Lewis car-
cinoma gave different results (Table 3). In both cases
only the yield of tumors has been changed consider-
ably, amounting to 40.0% for B-16 melanoma and
58.3% for Lewis carcinoma in experimental animals and
79.3 and 92.9% respectively, in control animals. The
latent period duration, dynamics of primary tumor
growth, number and volume of metastases, and life
spans did not differ statistically between the control and
experimental groups. These findings suggest a higher

heterogeneity in progeny of F2 generation in terms of
antitumor resistance relative to progeny of F1 genera-
tion and control animals.

About one half of F2 progeny was more resistant to
challenges of both B-16 melanoma and Lewis carci-
noma. It should be noted that no considerable differences
in the indices characterizing the effector activities of T
and B lymphocytes, NK cells, and macrophages were
revealed when studying the immune status of this group
of animals prior to the tumor challenge [16]. Therefore, it
is highly probable that high antitumor resistance of a
portion of mice from F2 group is attributable to peculiari-
ties of their immune response to tumor cell injection. To
test the validity of this assumption, we investigated a
wider range of immunological indices in �failed tumor-
bearers� 1.5 months after tumor cell challenge.

Investigation of NK cell activity showed that their cy-
totoxicity was higher than in control in all F2 mice who
failed to develop tumors: 1.4 times in case of B-16 mela-
noma and 3.8 times in case of Lewis carcinoma (Ta-
ble 4). Investigation of IL-2 production in control and
experimental animals showed that Sn of lymphocyte
cultures from the latter featured a considerably increased
IL-2 activity (Fig. 1). Therefore, one may assume that
the enhanced non-specific cytolysis in these animals is
attributable to the fact that the effectors include not only
NK cells but also lymphokine-activated cells.
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In addition, F2 mice resistant to tumor growth showed
an increased (relative to intact animals) level of lympho-
cyte cytotoxicity with respect to target cells homologous
to those tumor cells which were used in challenging (Ta-
ble 4). In animals injected with B-16 cells, cytotoxicity with
respect to homologous target cells was higher than to Ê562
target cells (P < 0.05) and was sufficiently high to sug-
gest that specific immunity reactions may also play a con-
siderable role in the phenomenon of increased antitumor
resistance in F2 mice.

Titration of TNF and IL-1 in Sn of macrophage cultures
from control and experimental mice showed that the latter
feature higher production levels of both these cytokines
(Fig. 2). When comparing the cytotoxic activities of similar
dilutions (1 : 2) of macrophage culture Sn from mice in-
jected with B-16 cells and Lewis carcinoma cells, the TNF
activity was found to be higher after B-16 challenge (cyto-
toxicity indices: 110.6 ± 10.9 and 33.4 ± 4.2% respective-
ly; Ð < 0.05). A comparison of comitogenic activities in thy-
mocyte stimulation assay of the same supernatants re-
vealed no dependence of IL-1 activity on the type of tumor
cells injected (stimulation index after B-16 challenge �
3.1 ± 0.6, after Lewis carcinoma challenge � 2.8 ± 0.6;
P > 0.1). Put together, the above findings suggest that
macrophage activation in F2 mice was stronger after B-16
challenging. This is in conformity with the data of other in-
vestigators who demonstrated a dependence of early mac-
rophage-cytokine response after challenging experimen-
tal tumors on the immunogenicity of the latter [28]. Simul-

taneous increases in levels of TNF, IL-1, and IL-2, ac-
cording to the literature [29], may be a reason for a consi-
derable enhancement of cytotoxic action of macrophages
on tumor cells. Therefore, one can suppose that in the phe-
nomenon of tumor yield reduction in F2 mice not only above-
described increase in NK cell activity and specific cytotoxic
lymphocyte activity play a role but also enhanced direct
antitumor effects of macrophages. Investigation of spon-
taneous antigen-non-specific suppression in control and
experimental mice showed that suppression index was twice
as high in Lewis carcinoma resistant mice as in intact con-
trol animals. At the same time, in the group of B-16 resis-
tant mice, this index did not differ statistically from control
(Fig. 3). This difference may be attributable to a changed
relationship between suppressor and effector links of the
immune system in the process of specific immune response
formation after challenging with a relatively high dose of
highly antigenic B-16 cells.

Taken together, these findings suggest that changed
antitumor resistance represents one of the genetic ef-
fects of prolonged exposure of one parent (male) to
combined (internal and external) low-dose irradiation.
The character of these changes varies in different gene-
rations of exposed animals� progeny. Depending on the

activity levels of effectors of non-specific antitumor re-
sponses, effectors of specific immune cytolysis, and
suppressors, antitumor resistance to the transplantable
tumors studied was reduced (in F1), unchanged or even
increased (in F2).

Uniform type changes in antitumor resistance occur
both in highly antigenic (B-16 melanoma) and low anti-
genic (Lewis carcinoma) tumors. This is in conformity
with modern views, according to which individual state
of the host�s anti-tumor defense systems may be more
important for the growth and metastasizing of tumors than
baseline features of tumor cells per se [30].

When the above findings are balanced against results
of antitumor resistance investigation in different genera-
tions of the population of C57Bl mice constantly exposed
to irradiation in the Chernobyl zone, one can see that the
dynamics of effects of prolonged exposure to doses of the
same order of magnitude (40�60 mGy) depends on whether
these effects are somatic or genetic consequences of ex-
posure to irradiation. For example, study of somatic effects
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Fig. 1. IL-2 activity index in Sn of spleen lymphocytes from in-
tact C57Bl mice (1) and F2 progeny of irradiated males of the
same strain which failed to produce tumors after injection of Lewis
carcinoma cells (2) or Â-16 melanoma cells (3)
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Fig. 3. Index of non-specific suppressor activity in spleen lym-
phocytes from intact C57Bl mice (   ) and F2 progeny of irradiated
males of the same strain which failed to produce tumors after in-
jection of tumor cells (   )
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Fig. 2. Titers of TNF and IL-1 activity (log2) in Sn of macrophage
cultures from intact C57Bl mice (   ) and F2 progeny of irradiated
males of the same strain which failed to produce tumors after in-
jection of Lewis carcinoma cells (   ) or Â-16 melanoma cells (   )
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of exposure to irradiation in F0 generation revealed no
changes in the sensitivity of animals to challenging with
model tumors. Combination of somatic and genetic effects
of exposure of several generations of mice to permanent
irradiation resulted in a considerable increase in the yield
tumors and reduced latent period in F2 [15].

Finally, it is worth mentioning that another type of
genetic consequences of exposure to irradiation in F2

is early postnatal death [16, 31]. This phenomenon
appears to be another reason for reduced tumor yield
of in this generation because due to natural selection
physiologically impaired individuals are eliminated from
the population soon after their birth.
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