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Ionizing radiation remains an effective tool in can-
cer therapy. It combines the properties of DNA-dam-
aging agent with high degree of specific spatial action.
Nonetheless, considerable differences exist in the out-
comes of the radiotherapeutic treatment of tumors of
different histological origin [17]. It is known that tumors
originating from lymphoid cells (lymphomas, myelomas,
leukemias) are generally highly sensitive to radiation
effect, while squamous cell carcinomas show interme-
diate sensitivity, and melanomas and gliomas are the
most resistant tumors [8]. Radiation-induced apopto-
sis was apparent in the radiosensitive (i.e. CH-1 ova-
rian carcinoma cell line), but not in the radioresistant
(i.e. SKOV-3 ovarian carcinoma) cell lines [11]. Better
understanding of the molecular mechanisms involved
in tumor response to ionizing radiation exposure is im-
portant for improving radiotherapy efficiency.

Development of resistance of tumor cells to various
anti-cancer drugs is a serious problem appearing during
treatment of oncological patients [1, 8]. Different combi-
nations of chemo- and radiotherapies are usually ap-
plied in clinics in order to oppose to that problem. Be-
sides, a cross-resistance of tumor cells to anti-cancer
drug (s) and ionizing radiation may also exist. The mecha-
nisms of such cross-resistance are poorly studied, and
their understanding can be of an extreme interest when
using a combination of chemo- and radiotherapies.
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Aim: The aim of the study was to investigate the survival and growth of human breast carcinoma MCF-7 cells with
different sensitivity to doxorubicin and production of transforming growth factor βββββ-(TGF-βββββ) in dependence on the dose-
and duration of X-ray in order to check if the cross-resistance to doxorubicin and radiation effects exists. Methods:
Determination of cell number and valiability using trypan blue (0.1% (w/v)) exclusion method, Western blot analysis of
p53 protein expression, biological testing of TGF-βββββ activity, lectinocytochemical analysis for apoptosis quantitative
estimation in unirradiated and irradiated cells of both sublines of MCF-7 cells — sensitive (MCF-7(wt)) and resistant
(MCF-7(DOX/R)) to doxorubicin. Results: It was found that doxorubicin-resistant breast cancer cells were also more
refractory to X-radiation-dependent growth inhibition. There were revealed different effects of distinct doses of X-ray on
p53 protein expression by cells of both sublines. The level of production of TGF-βββββ was compared in non-irradiated
MCF-7 cells and in these cells exposed to X-radiation. It was shown that X-radiation increased TGF-βββββ activity in the
conditioned medium of the irradiated cells of both doxorubicin-sensitive and -resistant lines. Conclusions: The results of
our study suggest that the biological effects of X-radiation on human breast cancer MCF-7 cells can be at least partly
mediated by TGF-βββββ. Taking into account that TGF-βββββ is a potent natural immunosupressor, one may consider that an
increased activity of this cytokine can intensify negative effects of X-radiation.
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It is known that various stressing agents including
ionizing radiation induce different cells to producing bio-
active soluble factors, particularly cytokines, both in vitro
[18, 28] and in vivo [4, 5, 17]. TGF-β is the most potent
inhibitor of proliferation and functioning of normal im-
mune cells and of different cells of the epithelial origin.
During early stages of breast cancer development,
transformed epithelial cells appear to be sensitive to
TGF-β-mediated growth arrest. In contrast, advanced
breast cancers were found to be mostly refractory to
TGF-β-mediated growth inhibition [26].

Carcinoma cells usually produce large amounts of
TGF-β, which may both enhance tumor cell invasion
and suppress the immune system cell growth and func-
tioning. That is a consequence of activation of TGF-β
latent form produced and deposited into the tumor mi-
croenvironment, which supports the clonal expansion of
TGF-β-resistant tumor cells [22]. Earlier, we [18] and
others [4, 5] found that different cytotoxic agents induced
TGF-β production by tumor cells. The level of such pro-
duction was increased in the anti-cancer drug-resis-
tant cells comparing to that in sensitive cells [28]. In ad-
dition, cross-resistance of specific tumor cells to growth-
inhibiting and apoptosis-inducing actions of the
anti-cancer drug cisplatin and of cytokine TGF-β was
detected [28]. However, it is poorly known if drug-resis-
tance in tumor cells is accompanied by development of
their radio-resistance, and if growth inihibiting cytokine
TGF-β can play any important role in that processes.

Here we used human breast cancinoma MCF-7 cell
lines differing in their resistance to anti-cancer drug
doxorubicin for studying their survival and growth in
dependence on the ionizing radiation dose- and dura-
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tion of its action. Besides, TGF-β production was mea-
sured in both cell lines under the radiation effect in or-
der to check if cross-resistance to doxorubicin and ra-
diation effects may exist.

MATERIALS AND METHODS
Cell lines and culture conditions. Human breast

cancer cell lines differing in their sensitivity to doxorubi-
cin — sensitive (MCF-7 (wt)) and resistant (MCF-7
(DOX/R)) were originally obtained from cell collection at
the Institute of Oncology (Gliwice, Poland). The mink lung
epithelial cells of Mv1Lu line were obtained from cell
collection at Ludwig Institute for Cancer Research (Upp-
sala, Sweden). The cells were grown in Dulbecco’s modi-
fied Eagle’s medium (DMEM, Sigma Chemical Co., St.
Louis, MO, USA) supplemented with 10% heat-inacti-
vated fetal calf serum (FCS, Sigma Chemical Co., USA)
and 50 mg/ml gentamycin (Sigma Chemical Co., USA).
The cultured cells were maintained at 37 °C in a humidi-
fied (100%) incubator with 5% CO2.

Irradiation of cells and preparation of condi-
tioned medium. 4.5 · 105 cells were seeded into 25 cm2

tissue culture flasks at least 24 h before the start of the
irradiation experiment. 6 h prior to irradiation cells were
washed twice with serum-free DMEM, and then placed
into 4 ml of serum-free DMEM containing 0.2% bovine
serum albumin (BSA, Sigma Chemical Co, USA). Ra-
diation was produced from the X-ray machine
“RUM-17” (USSR) at 130 kV, 10 mA, and 18 cm dis-
tance from the radiation source to the surface of tissue
culture flask, and no filter was used. Irradiation was per-
formed at room temperature at a dose rate of 3 Gy/min.
The dose heterogeneity was less than 5%.

For preparation of conditioned medium, the cells
were cultured as noted in the experiment protocol and
the medium was collected in siliconized tubes, spun at
12 000 g for 10 min to remove cell debris and then flash-
frozen at –20 °C.

Determination of cell number and viability. The
effect of irradiation upon cell growth and viability was
studied in 25 cm2 culture flasks. At the end of incuba-
tion cells floating in the culture supernatant were col-
lected by centrifugation and pooled with adherent cells
recovered from the flasks by trypsinization. Total cell
number and the proportion of dead cells was deter-
mined using trypan blue (0.1% (w/v)) exclusion me-
thod and counting cells in the hemocytometer camera
under the light microscope.

Western blot analysis. MCF-7 cells were lysed in
buffer containing 20 mM Tris-HCl, pH 7.6, 137 mM
NaCl, 1% Triton X-100, 5 mM EDTA, 1 mM PMSF.
After 30 min incubation on wet ice, the cell lysates were
cleared up by centrifugation at 12 000 g for 20 min at
4 °C and the supernatants were used as total cellular
proteins. Then they were boiled for 5 min with SDS
sample buffer (100 mM Tris-HCl, pH 6.8, 0,01% brom-
phenol blue, 36% glycerol, 4% SDS, 10 mM DTT) and
total proteins (30 µg) were subjected to SDS-PAAG
electrophoresis. Protein fractions were then electro-
phoretically transferred to a nitrocellulose membrane,

immunoblotted with polyclonal pan-specific whole pro-
tein anti-p53 antibodies (Sigma Chemical Co., USA)
and developed using the enhanced chemiluminescence
detection reagents. The same membrane was used for
β-actin levels detected by anti-β-actin antibody (Sig-
ma) as an internal loading control.

Measuring activity of transforming growth fac-
tor-βββββ (TGF-βββββ). For the biological testing of TGF-β ac-
tivity mink lung epithelial Mv1Lu cells (ATCC CCL-64)
were used. The method is based on the ability of TGF-β
to inhibit proliferation of these cells. Active form of
TGF-β was measured in the conditioned media as pre-
viously described by Danielpour D et al [7], with the
following modifications: Mv1Lu cells were plated in
96-well tissue culture plates (Sarstedt, Inc., Newton,
NC, USA) at 4 x 103 cells/well in 100 µl of DMEM,
containing 10% FCS. Before incubation, phase-con-
trast observations were performed to ensure homoge-
neous distribution of the isolated cells on plastic sur-
face. 24 h later, the culture medium was removed, and
wells were washed twice (2 × 30 min) with serum-free
medium. Then, 200 µl of conditioned medium with 5%
FCS or 200 µl of DMEM containing 5% FCS and the
indicated concentration (0.05–5.0 ng/ml) of TGF-β1

(R&D Systems, Indianapolis, IN, USA.) were added to
each well for further 72 h. The cells were fixed with
trichloroacetic acid (TCA) and stained with 0.4% sul-
forhodamine B (Sigma Chemical Co., St. Louis, MO,
USA) as described by Skehan P et al [25]. The optical
density was measured at 492 nm in 96-well microtiter
plate reader (Multiskan Plus, Labsystems).

Lectinocytochemical analysis. The following plant
lectins were used in the experiments: Pisum sativum
lectin (PSL), Ricinus communis agglutinin (RCA-120),
Triticum vulgaris agglutinin (wheat germ agglutinin,
WGA), Viscum album agglutinin (VAA-1), Galanthus
nivalis agglutinin (GNA). Lectins were isolated and pu-
rified in our laboratory [16]. Lectinocytochemical analy-
sis was conducted as described [6].

Statistical analysis. Experiments were performed
in triplicate and repeated 3 times. Significance of dif-
ference in a typical experiment was assessed by Stu-
dent’s t-test. The level of significance was set at 0.05.

RESULTS AND DISCUSSION
Two variants of human breast cancer cells — sen-

sitive (MCF-7 (wt)) and resistant (MCF-7 (DOX/R)) to
doxorubicin — were subjected to X-irradiation and their
growth and survival characteristics were studied.
MCF-7 (DOX/R) cells possess acquired resistance to
growth-inhibitory and pro-apoptotic effects of the an-
thracycline antibiotic doxorubicin. Resistance is defined
as acquired when tumor cells initially respond to anti-
cancer agents, but become refractory on subsequent
treatment cycles. Cytotoxic studies showed that the
growth of MCF-7 (DOX/R) cells was not affected by
treatment with 4 µg/ml of doxorubicin (concentration
used for culturing this type of cells). Various mecha-
nisms have been proposed to explain the development
of drug resistance in tumor cells: 1) impaired drug trans-
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port inside and from within the cell; 2) increased effi-
cacy of intracellular detoxication mechanisms and DNA
repair; 3) increased anti-apoptotic potential of tumor
cells. However, none of these mechanisms have been
accepted as universal or dominating. It is known from
literature that doxorubicin was localised predominantly
in the nuclei of MCF-7 (wt), whereas in MCF-7
(DOX/R) cells the drug was barely detectable in peri-
nuclear area. It was found that a single 1.5, 3.0 or 4.5 Gy
X-ray dose inhibited growth of both MCF-7 (wt) and
MCF-7 (DOX/R) cells tested 48 h after the radiation
treatment (Fig. 1, a). In order to determine whether a
decrease in cell number was caused by reducing pro-
liferative potential of the cells or by their death, both
cell number and proportion of dead cells were count-
ed. As shown in Fig. 1, b, a decrease in cell number
after the radiation exposure was caused probably by a
reduction in their proliferative capacity and delay in G1

phase of cell cycle rather than by cell death. An arrest
in G1 phase is thought to give the cells enough time
needed for repairing critical damage before DNA repli-

cation occurs, thereby avoiding the propagation of ge-
netic lesions to cellular progeny. The cell cycle can re-
sume once the damage has been repaired, while if the
damage is too massive, the cell will undergo apopto-
sis [21].

The most noticeable differences between MCF-7 (wt)
and MCF-7 (DOX/R) cells in number of alive and dead
cells were observed at 3.0 Gy dose (see Fig. 1, a). We
found that MCF-7 (DOX/R) were more refractory to X-ra-
diation-induced growth inhibition and cytotoxic effect in
comparison with MCF-7 (wt) cells. X-radiation effect was
shown to be dependent on the duration of cell cultivation
after radiation treatment (Fig. 2). It was also detected that
MCF-7 (DOX/R) cells grew slower than MCF-7 (wt) cells.
Time of cell population doubling was approximately 48 h
in MCF-7 (DOX/R) cells in comparison with approximately
24 h in MCF-7 (wt) cells. One of the reason of lower sen-
sitivity of MCF-7 (DOX/R) cells to irradiation may be that
slower proliferating cells have slower generation time, so
they have more time to repair damages. Usually, more
aggressive tumors with higher mitotic rate are character-
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Fig. 1. Effect of X-irradiation on survival (a) and death (b) on MCF-7 cells (48 h after irradiation); *p < 0.05, **p < 0.01 (between non-
irradiated and irradiated cells).
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ized by much more pronounced cell death expression [9].
At the molecular level, the relationship between prolifera-
tion and cell death can be explained by participation of
the same oncogenes in regulation of both these processes:
oncogenes which force cells into cell cycling by omitting
cell cycle checkpoints, may also induce apoptosis or “mi-
totic catastrophe” [20]. But the lower sensitivity of MCF-7
(DOX/R) cells to irradiation can be also explaned that the
anti-tumor drugs can induce TGF-β1 expression which
may be accompanied by the development of TGF-β1 re-
fractoriness and partial or full specific drug resistance in
tumor cells. The latter happens due to mutations in genes
coding for TGF-β receptors or in genes for TGF-β signal
transduction via Smad proteins. Taking into account that
X-irradiation led to an enhanced TGF-β1 production by
both MCF-7 (wt) and MCF-7 (DOX/R) cell lines, but only
MCF-7 (DOX/R) cells were more refractory to TGF-β1

growth-inhibiting and apoptotic action, we could assume
that radiation resistance of MCF-7 (DOX/R) cells was as-
sociated with loss of TGF-β signaling. This hypothesis is
presently under investigation.

p53 is an anti-oncogene whose protein product
stops DNA synthesis in cases when a damaged DNA
should be repaired, or switch on the mechanisms of
apoptosis when the degree of DNA damage is too
massive to be restored [14]. Thus, it was reasonable to
study p53 expression in MCF-7 (DOX/R) cells com-
pared to MCF-7 (wt) cells, both in control and after
their X-irradiation. To address that question, we used
Western blot analysis in which the pan-specific poly-
clonal anti-p53 antobodies were applied. These anti-
bodies revealed higher level of p53 expression in
MCF-7 (DOX/R) cells compared to MCF-7 (wt) cells
(Fig. 3, a). It is known that p53 can either mediate or
protect cells from apoptosis, depending whether it is
wild type or mutant. Mutant p53 proteins are generally

more stable than wt-p53 and cells with high p53 pro-
tein levels generally express mutated, or at least inac-
tivated forms of p53 [8]. Loss of p53 heterozygosity
and a point mutation in the remaining allele of the p53
gene in adriamycin-resistant cells were discovered.
This mutation is a splice acceptor site change on the
up-stream border of exon 5 and results in p53 protein
overexpression [3]. Mutation in p53 plays a role in de-
velopment of cancer resistance to radiation and che-
motherapy [2]. We found that the level of expression of
p53 decreased after 1.5 Gy dose of X-ray treatment of
both MCF-7 (wt) (p < 0.01) and MCF-7 (DOX/R)
(p < 0.001) cells, while after higher radiation doses (3.0
and 4.5 Gy) the increase in p53 expression in MCF-7
(wt) cells and decrease of its expression in MCF-7
(DOX/R) cells was revealed (Fig.3, b). At the moment,
the reasons for such dynamics in p53 expression in
the studied cells are not known. It could be speculated
that the mechanisms of action of lower radiation dose
(1.5 Gy) differ from such mechanisms when cells are
subjected to the action of higher radiation doses (3.0
and 4.5 Gy). However, additional studies are needed
to get a support for such explanation of the noted dif-
ferences.

Recently, it was found that cross-resistance be-
tween cis-dichlorodiammineplatinum (II) (CDDP; cis-
platin) and radiation resistance existed [12]. The mu-
rine CDDP-resistant L1210 cell line exhibited cross-
resistance to ionizing radiation because of an increased
capacity to repair double-strand DNA breaks compared
with parental cells.

Our next task was to study the effect of X-irradiation
on TGF-β production in both types of MCF-7 cell line. It
was found that the production of this cytokine was high-
er in unirradiated MCF-7 (DOX/R) than that in unirradi-
ated MCF-7 (wt) cells (Fig. 4). Several breast and pros-
tate cancer models in vivo have demonstrated a con-
nection between TGF-β1 expression and increased
tumorigenicity, increased invasion and drug resistance
[26]. It was reported that TGF-β1 expression in the irra-
diated with a dose of 10 Gy right cerebral hemispheres
of rats were significantly increased with the lapse of time
during 8-week post-radiation period [17].

A single 1.5 Gy, 3.0 Gy or 4.5 Gy X-radiation dose
led to an enhanced TGF-β production by two studied
sublines of MCF-7 breast cancer cells. The highest level
of activity of TGF-β released into cell culture medium was
revealed after 4.5 Gy X-radiation treatment of MCF-7
(wt) cells (approximately 3-fold higher compared with that
in the untreated cells) (see Fig. 4). In the case of MCF-7
(DOX/R) cells, 3.0 Gy X-radiation dose caused an ap-
proximately 2.5-fold elevation in the activity of TGF-β
released into cell culture medium (see Fig. 4).

The untreated cells of both sublines of MCF-7 cells
continued to proliferate within 96 h, and the activity of
TGF-β released into cell culture medium increased
proportionally with time of cultivation achieving maxi-
mal level at 96 h. In contrast, the X-radiation-treated
cells of both cellular sublines did not change in their
number, but attained a comparable level of TGF-β ac-

Fig. 3. Western blot analysis of p53 expression in MCF-7 (wt) and
MCF-7 (DOX/R) cell lines under the effect of X-ray (a); densitometry
(b) —  of (a); (*p < 0.05, **p < 0.01, ***p < 0.001 between non-
irradiated and irradiated cells — as results of  three experiments).
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tivity within 24 h and 48 h after radiation treatment
(Fig. 5). It can be suggested that tumor cells may gain
an ability to activate TGF-β latent form in response to
X-radiation exposure, while the untreated tumor cells
produce TGF-β latent form but cannot respond to
growth inhibiting effect of this cytokine. It was reported
that TGF-β immunoreactivity increased in murine

appears to play a pivotal role in control of tumor growth
by counterbalancing tumor cell proliferation [8]. Lectins,
a group of specific glycoproteins present in plant as well
as in animal cells, are used as particular markers at
studying cancers and metastatic cell lines [6]. Specific
carbohydrate residues of plasma membrane glycopro-
teins can be detected using lectins due to their binding
specificity to carbohydrates. This property of lectins de-
pends on the process of cellular glycosylation [24]. That
is why some lectins are widely used in histology and
cytology for identification of carbohydrate moieties of
membrane components at tumor cell destruction. Re-
cently, it was found that the lectins specific for α-D-
mannose (PSL) and β-D-galactose (RCA-120) can dis-
tinguish between native and apoptotic murine leukemia
L1210 cells and thus, can be used for quantitative esti-
mation of apoptosis in a population of these cells [6].

Lectinocytochemical study of intact and X-irradiated
breast cancer MCF-7 cells showed an increased bind-
ing of WGA (p < 0.001), PSL (p < 0.01), RCA (p < 0.01),
GNA (p < 0.05) lectins with apoptotic MCF-7 (wt) cells
compared with intact untreated cells of this subline (Fig. 6;
7, a). Besides, an increased binding of PSL lectin (p <
0.01) with the apoptotic cells of MCF-7 (DOX/R) sub-
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mammary gland after whole-body 60Co γ-radiation
exposure. The level of active TGF-β1 increased sig-
nificantly within 1 h of irradiation concomitant with a
decreased immunoreactivity of latent TGF-β [4, 5]. The
ionizing radiation is one of a few exogenous agents
known to cause latent TGF-β1 activation in situ [10].

Thus, the results of our study suggest that the bio-
logical effects of X-radiation on human breast cancer
MCF-7 cells can be at least partly mediated by TGF-β.
Possible sequence of events in the action of X-radia-
tion could be as following: 1) X-radiation, as stressing
agent, induces TGF-β1 production in target tumor cells;
2) TGF-β1 causes growth inhibition and/or induces
apoptosis in these cells [28]. Taking into account that
TGF-β is a potent natural immunosupressor, one may
suggest that an increased activity of this cytokine can
intensify negative effects of X-radiation.

It is known that tumor cells die by apoptosis during
radiotherapy or chemotherapy treatment and, thus,
monitoring the level of apoptosis may prove usefulness
in modulating treatment or in predicting the biological
behavior of tumors following treatment [13]. Apoptosis
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line was found (see Fig. 6; 7, b). In both cases, apopto-
sis was induced by 3.0 Gy dose X-radiation treatment.
There was no difference between normal and apoptotic
MCF-7 (wt) cells with respect to their ability to bind VAA
lectin. Thus, X-radiation action is accompanied not only
by changes in cellular DNA, but also by changes in ex-
pression of the target cell plasma membrane glycopro-
teins. However, at present it is not clear if these chang-
es in glycoprotein expression are the result of direct X-ray
action, or they are a consequence of general apoptotic
changes induced by this stressing agent.

In summary, we demonstrated that a single dose of
X-radiation caused numerous changes in characte-
ristics of human breast cancer MCF-7 cells. These are:
inhibition of cellular growth and increased cell death,
induction of p53 protein expression, increased expres-
sion of plasma membrane glycoproteins characteristic
for the apoptotic cells. Besides, an elevated activity of
growth inhibiting cytokine TGF-β was revealed in cul-
ture medium conditioned by the X-ray treated MCF-7
cells. Finally, a cross-resistance to anti-cancer drug
doxorubicin and X-radiation was observed in the stu-
died human tumor cells. The investigation of the
mechanisms which could be responsible for the de-
velopment of such cross-resistance are in progress.
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Fig. 7. Densitometry of normal and X-irradiated human breast cancer cell of MCF-7 line: a — cells of MCF-7 (wt) line were stained
with different horseradish peroxidase-labeled lectins; b — MCF-7 (wt) and (DOX/R) cell lines, stained with PSL lectin; *p < 0.05,
**p < 0.01, ***p < 0.001 (between normal and irradiated cells, stained with the same lectin).
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ÑÐÀÂÍÈÒÅËÜÍÛÉ ÀÍÀËÈÇ ÊËÅÒÎÊ ÊÀÐÖÈÍÎÌÛ ÌÎËÎ×ÍÎÉ
ÆÅËÅÇÛ ×ÅËÎÂÅÊÀ ËÈÍÈÈ MCF-7 Ñ ÐÀÇËÈ×ÍÎÉ
ÓÑÒÎÉ×ÈÂÎÑÒÜÞ Ê ÄÎÊÑÎÐÓÁÈÖÈÍÓ: ÂËÈßÍÈÅ

ÈÎÍÈÇÈÐÓÞÙÅÉ ÐÀÄÈÀÖÈÈ ÍÀ ÀÏÎÏÒÎÇ È ÏÐÎÄÓÊÖÈÞ ÒÔÐ-βββββ

Öåëü: èññëåäîâàòü âëèÿíèå îäíîðàçîâîãî ðåíòãåíîâñêîãî îáëó÷åíèÿ íà âûæèâàíèå êëåòîê êàðöèíîìû ìîëî÷íîé
æåëåçû ÷åëîâåêà ëèíèè MCF-7 ñ ðàçíîé ÷óâñòâèòåëüíîñòüþ ê ïðîòèâîîïóõîëåâîìó ïðåïàðàòó äîêñîðóáèöèíó.
Ìåòîäû: ÷èñëî è æèçíåñïîñîáíîñòü êëåòîê îïðåäåëÿëè ñ èñïîëüçîâàíèåì òðèïàíîâîãî ñèíåãî (0.1% (w/v)), à
òàêæå ïðèìåíÿëè Âåñòåðí-áëîò-àíàëèç äëÿ âûÿâëåíèÿ ýêñïðåññèè áåëêà p53, áèîòåñòèðîâàíèå àêòèâíîñòè TGF-βββββ,
ëåêòèíîöèòîõèìè÷åñêèé àíàëèç — äëÿ êîëè÷åñòâåííîé îöåíêè àïîïòîçà â íåîáëó÷åííûõ è îáëó÷åííûõ êëåòîê
ëèíèè MCF-7, ÷óâñòâèòåëüíûõ è ðåçèñòåíòíûõ ê äîêñîðóáèöèíó (MCF-7(wt) è MCF-7(DOX/R) ñîîòâåòñòâåí-
íî). Ðåçóëüòàòû: óñòàíîâëåíî, ÷òî ðåçèñòåíòíûå ê äîêñîðóáèöèíó êëåòêè ïðîÿâëÿþò áîëüøóþ óñòîé÷èâîñòü ê
èíãèáèðîâàíèþ ðîñòà ïîä âëèÿíèåì ðàäèàöèîííîãî îáëó÷åíèÿ. Èçó÷åí óðîâåíü ýêñïðåññèè ð53 â êëåòêàõ ñóáëè-
íèè MCF-7 (DOX/R) ïî ñðàâíåíèþ ñ òàêîâûì â êëåòêàõ MCF-7(wt) êàê â êîíòðîëå, òàê è ïðè îáëó÷åíèè.
Óðîâåíü ïðîäóêöèè òðàíñôîðìèðóþùåãî ôàêòîðà ðîñòà áåòà (ÒÔÐ-βββββ) ñðàâíèâàëè â êîíòðîëüíûõ è îáëó÷åííûõ
êëåòêàõ ëèíèè MCF-7. Ïîñêîëüêó áûëî óñòàíîâëåíî óâåëè÷åíèå ïðîäóêöèè ÒÔÐ-βββββ êàê ÷óâñòâèòåëüíûìè, òàê è
ðåçèñòåíòíûìè ê äîêñîðóáèöèíó êëåòêàìè ëèíèè MCF-7, âûñêàçàíî ïðåäïîëîæåíèå, ÷òî äàííûé öèòîêèí ïî
êðàéíåé ìåðå ÷àñòè÷íî ìîæåò âûñòóïàòü â êà÷åñòâå ïîñðåäíèêà ïðè ðîñò-èíãèáèðóþùåì äåéñòâèè ðåíòãåíîâñêî-
ãî îáëó÷åíèÿ. Âûâîäû: ðåçóëüòàòû èññëåäîâàíèÿ ñâèäåòåëüñòâóþò î òîì, ÷òî áèîëîãè÷åñêèå ýôôåêòû ðåíòãåíîâ-
ñêîãî îáëó÷åíèÿ íà êëåòêè ëèíèè MCF-7 ìîãóò áûòü ïî êðàéíåé ìåðå ÷àñòè÷íî îïîñðåäîâàíû TGF-βββββ. Ïðèíèìàÿ
âî âíèìàíèå òî, ÷òî TGF-βββββ ÿâëÿåòñÿ ìîùíûì ïðèðîäíûì èììóíîñóïïðåññîðîì, ìîæíî ïðåäïîëîæèòü, ÷òî ïîâû-
øåííàÿ àêòèâíîñòü ýòîãî öèòîêèíà ìîæåò óñèëèâàòü íåãàòèâíûå ýôôåêòû ðåíòãåíîâñêîãî îáëó÷åíèÿ.
Êëþ÷åâûå ñëîâà: êëåòêè êàðöèíîìû ìîëî÷íîé æåëåçû ÷åëîâåêà ëèíèè MCF-7, òðàíñôîðìèðóþùèé ôàêòîð
ðîñòà βββββ, óñòîé÷èâîñòü ê äîêñîðóáèöèíó, ðåíòãåíîâñêîå îáëó÷åíèå.
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