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1. Introduction

During the evolution the organisms have developed several mechanisms that protect them from the
damage caused by environmental or internal agents. Exposure of cells to adverse conditions invokes a
genetically programmed series of events that involves the induction of a large number of genes. At
least some of these genes are likely to function in a protective or reparative capacity (1). The conse-
quence of this process is the increased survival of damaged cells, that may be accompanied by non-
specific alterations induced in these cells.

In last 10-15 years a specific cell-response was discovered, so called adaptive response. It occurs after
cell exposure to low, non-lethal dose of genotoxic agent. If exposed to higher dose of the same agent
used in the pretreatment, the cells will better survive the subsequent challenge. This type of cell-
response was first observed for alkylating drugs (2). Later it was found also for oxidising agents, hy-
perthermia and ionising radiation. In it, special genes are induced whose products will repair specific
lesions. So, in adaptive response to radiation, the cells exposed to very low doses of radiation become
resistant to second, higher dose of irradiation (3), most probable due to induction of poly(ADP-ribose)
polymerase (4).

The aim of our study was to examine, whether the progeny of cells that were irradiated with repeated
low doses of gamma rays will change their sensitivity to cytotoxic agents. For this purpose we devel-
oped four mammalian cell lines. Two (human cervical carcinoma HeLa and Chinese hamster V79
cells) were obtained after a high total accumulated dose of gamma rays ( 5, 6,) and the other two
(human cervical carcinoma and human normal Hef cells) after a low total accumulated dose of gamma
rays (7, 8).

2. Results and discussion

High total accumulated dose of gamma rays

The details about the irradiation schedule for human cervical carcinoma Hela cells and Chinese ham-
ster V79 cells are given in Table 1. The dose per fraction was very low, and the time interval between
the doses long enough to allow the majority of lesions induced in DNA by irradiation to be repaired.

After the cells had accumulated a high total dose of gamma rays, their sensitivity to several cytostat-
ics (which exhibit their cytostatic activity through different molecular mechanisms) was examined. As
shown in Table 2, both preirradiated cell sublines become resistant to vincristine, but did not change
their sensitivity to physical agents ( gamma rays or UV light). However, while Helal 500 cells became
resistant also to cisplatin and methotrexate, VI800 cells became sensitive to these drugs.

Table 1. Schedule of irradiation for human cervical carcinoma cells and Chinese hamster cells

Cells Human cervical carcinoma HeLa cells' Chinese hamster V79 cells2

_____

0.3 Gy
60
4.33 Gy/min
V1800

'From reference 5,2from reference 6

Total dose
Dose per fraction
Number of fractions
Dose rate
Subline

15 Gy
0.5 Gy
30
4.33 Gy/min
HeLal500
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Table 2. Sensitivity of human HeLal500 and V1800 cells to different cytostatics

Cytostatics
Gamma rays
Ultraviolet light
Cisplatin
Vincristine
Methotrexate
Hydroxyurea
Mitomycin C
MNNG

HeLal500' Cells

R
R
R
S
N.D.
N.D.

V180(T Cells

00
 II

 
II

R
R
N.D.
N.D.
R

'From references 5 and 9, 2from references 6, 9, 10 and 11
Sensitivity compared to parental cells: = equal, R=resistant, S= sensitive, N. D. = not done

The possibility that a sensitive part of the cell population was killed during the irradiation schedule,
and caused altered cell-response to drugs was unlikely. Namely, Helal500 cells were resistant to cis-
platin even 30 days after the last dose of gamma rays (5). Directly, parasynchronisation of the cells was
rejected on the basis of flow cytometric analysis (12).

Several molecular mechanisms may contribute to drug resistance: decreased drug uptake, increased
drug efflux mediated by P-glycoprotein , increased intracellular detoxification, amplification of the
genes for the key enzymes involved in drug metabolism, alteration in nuclear topoisomerase enzyme
activities, enhanced repair and/or tolerance of lesions in DNA, altered expression of oncogenes and
tumor supressor genes, inhibited apoptosis (13-23). We examined, whether some of the mentioned
mechanisms are involved in altered response of preirradiated cells to cytostatics. As shown in Table 3,
in both, HeLal500 and VI800 cells the activity of plasma membrane P-glycoprotein was increased (12,
24), suggesting that reduced intracellular accumulation of the drugs (like vincristine) can be the cause
of drug-resistance. Further, in both cell lines increased levels of protective molecules, metallothioneins
were determined (12, 24). In VI800 cells increased level of glutathione and enhanced activity ofc-myc
oncogene were detected. In these cells, however, no adaptive response to ionising radiation was found
(12). In HeLal500 cells the apoptosis was inhibited (25). To our knowledge, it is the first time that the
inhibition of apoptosis was observed as a consequence of cell exposure to low repeated doses of ion-
ising radiation.

Table 3. Molecular alterations induced in HeLal500 and V1800 cells

Mechanisms HeLal 500'Cells V18002 Cells

P-glycoprotein increased activity increased activity
Glutathione (GSH) not involved increased level
Glutatione-S not involved not done
transferase
Metallothioneins increased level increased level
c-myc no change increased expression
c-Ki-ras no change not done
Apoptosis inhibited not done

'From references 24-26,2from reference 12

Low total accumulated dose of gamma rays

It was interesting to see whether similar alterations will occur after much lower total accumulated
doses of gamma rays. With this purpose, human cervical carcinoma HeLa and normal human lung HEf
fibroblasts were irradiated with total dose of 1.7 Gy divided in 10 fractions ( Table 4.).

The sensitivity of these cells to different cytostatics was examined and the results are given in Table 5.
From six examined drugs, both cell lines became resistant to vincristine and vinblastine, but did not
change their sensitivity to others. These data suggest that even low repeated doses of gamma rays may
induce altered cell-response to cytostatics.
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Several molecular mechanisms involved in resistance of HeLalO and HEflO cells were analysed.
Again, increased activity of plasma membrane P-glycoprotein was observed (HeLalO cells), with no
change in the expression of c-myc, c-Ki-ras orp53 genes ( HEflO cells).

Table 4. Schedule of irradiation for human cervical carcinoma cells and normal lung fibroblasts

Cells Human cervical carcinoma HeLa cells1 Normal lung fibroblasts HEf2

: TTGy
0.17 Gy
10
1.14 Gy/min

J HEflO
'From reference 7,2from reference 8

Table 5. Sensitivity of human HeLalO and HEflO cells to different cytostatics

Total dose
Dose per fraction
Number of fractions
Dose rate
Subline

1.7 Gy
0.17 Gy
10
1.14 Gy/min
HeLalO

Cytostatics ~ ~ ~ HeLaTo^Tells ~ HEflO2 Cells - —
Cisplatin = =
Mitomycin C = =
Vincristine R R
Vinblastine R R
Doxorubicin = =
5-fIuorouracil = = _ _ _ _ _ _ _ _ _ ™ _ m _ _ _

'From reference 7,2from reference 8
Sensitivity compared to parental cells: = equal, R=resistant, S= sensitive

During 10 years period of our investigation, several papers have been published, dealing with the same
subjects, that is the biological consequences of repeated irradiations. In an excellent review paper of
B.T. Hill these data were collected and analyses (27). In this, as well as in some other, later published
papers (28-30) similar observations were made, namely, that preirradiated cells may change their sen-
sitivity to other drugs. Also, several molecular mechanisms involved in this phenomenon were de-
tected. However, it must be pointed out that in mentioned studies much higher dose per fraction were
used (1.5 up to 10 Gy), that can significantly influence the final biological consequence.

Table 6. Molecular alterations induced in HelalO and HEflO cells

Mechanisms HeLalO1 Cells HEflO2 Cells

P-glycoprotein increased activity not done
c-myc not done no change
c-Ki-ras not done no change
p53 not done no change
From reference 7 , 2from reference 8

3. Conclusions

1. Progeny of cells irradiated with low repeated doses of gamma rays do not change their sensitivity to
gamma rays.

2. Progeny of cells irradiated with low repeated doses of gamma rays could change their sensitivity to
different cytostatics.

3. Cell response to cytostatic will depend on the irradiated cell line, as well as on the type of the drug.

4. Some of the possible molecular mechanisms involved in the drug-resistance that occurred due to ir-
radiation were analysed.

5. Different protective molecular mechanisms are induced in preirradiated cells.

6. First of them is the increased in the activity of plasma membrane P-glycoprotein.
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