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Molecular targeted cancer therapy is a promising treatment strategy. Considering the central
role of the epidermal growth factor receptor in cell proliferation and survival, there are indi-
cations that targeted agents like tyrosine kinase inhibitors, i. e., erlotinib, may enhance the
antitumor treatment by radiation. The aim of this study is to analyze the inactivation effects of
y-rays and to test the radiosensitizing potential of erlotinib on human lung adenocarcinoma
cells in vitro. Irradiations were performed with doses ranging from 1 Gy to 8 Gy. In order to
increase the radiosensitivity of CRL-5876 lung adenocarcinoma cells, the cells were treated
with a clinically relevant concentration of 2 uM erlotinib. The effects of single and combined
treatments were monitored using clonogenic survival, cell viability and proliferation assays at
different time points. For the detection and visualization of the phosphorylated histone
H2AX (y-H2AX), an important biological marker of DNA double-strand break formation,
fluorescence immunocytochemistry, was performed. The response to the treatment was mon-
itored at four time points: 30 min, 2, 6, and 24 h. Irradiations with y-rays resulted in signifi-
cant cell inactivation regarding all analyzed biological endpoints. Combined treatments re-
vealed consistent cell inactivation. Moreover, compared to y-rays alone, elevated levels of
7-H2AX foci were observed after pretreatment with erlotinib, indicating radiosensitization
through impaired DNA repair.
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INTRODUCTION

Lung cancer is the most frequent cause of cancer
mortality worldwide [1]. This aggressive disease can be
subdivided as small-cell lung carcinoma (SCLC) and
non-small-cell lung carcinoma (NSCLC) [2]. Within
NSCLC, representing the majority of lung cancer cases,
adenocarcinoma is the most frequently encountered his-
tology [3]. The staging of lung cancer is essential for de-
termining the appropriate therapeutic approach. Surgical
intervention is the most common treatment for early
stage NSCLC. When diagnosed close to 70% of patients
are already in the advanced stage of the disease [4]. Ra-
diotherapy and chemotherapy, alone or combined, re-
main the most common option for these patients [5].
Cancer cells are less effective in repairing the radia-
tion-induced damage than normal cells, making them
easier to be destroyed if radiation therapy is applied [6].
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In recent years, new generations of drugs, i. e.,
targeted therapeutics were developed in order to block
specific signaling pathways involved in cancer pro-
gression [7]. Certain members of the family of the epi-
dermal growth factor receptor (EGFR) genes have
been overexpressed or otherwise deregulated in al-
most all epithelial tumors, including NSCLC. This
alone, as well as the findings on the importance of pro-
tein phosphorylation and the discovery that the first
oncogene v-Src is a protein kinase, resulted in select-
ing EGFR as the primary target of molecular targeted
therapy [8-10].

EGFR, a member of the ErbB family of receptor
tyrosine kinases, is a transmembrane glycoprotein con-
sisting of a single polypeptide chain and is found in ma-
jority of normal cells. The intracellular region of the
EGFR is in charge of protein tyrosine kinase activity
and plays an important role in the regulation of cell pro-
liferation. EGFR family members are deregulated in
cancers by the following three mechanisms: activation
of gene mutations, increased number of gene copies (by
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amplification) and altered ligand expression [11].
Overexpression of EGFR is found in 40% to 80% of pa-
tients with NSCLC. It is associated with poor progno-
sis, since it also plays a specific role in the proliferation,
invasion and metastasis of malignant cells [8, 12].

Most targeted therapies include anti-EGFR
monoclonal antibodies and small-molecule tyrosine
kinase inhibitors (TKI) [13]. Erlotinib hydrochloride
(Tarceva®) is a quinazoline small-molecule inhibitor
ofthe EGFR. It is an active and well-tolerated agent in
advanced NSCLC [14]. Erlotinib is approved for the
treatment of patients with locally advanced or meta-
static NSCLC after failure of at least one prior chemo-
therapy regimen [15].

Radiation induces the expression of EGFR in
cancer cells, possibly contributing to the resistance of
those cells to therapy [16, 17]. Overexpression of
EGFR by tumors is also associated with reduced local
control after radiation [ 18]. Blockade of EGFR signal-
ling in vitro has been proven to sensitize cells to the ef-
fects of radiation [16]. Considering the new insights
into the role of EGFR in DNA repair, there is substan-
tial interest in using EGFR inhibitors for sensitizing
tumours to radiotherapy [17].

Several studies have analysed the combination
of erlotinib with radiotherapy [16, 19, 20]. Clinical re-
ports of NSCLC patients with brain metastasis ex-
posed to whole-brain radiation therapy with a parallel
administration of erlotinib demonstrate longer overall
survival with particular benefits marked for patients
with EGFR mutations. The rate of these mutations in
the analysed group was much higher than expected
[20].

Understanding cellular events and pathways un-
derlying the enhancement of the radiation response by
EGFR inhibition is important for further improvement
of cancer treatment strategy. Therefore, in this in vitro
study, y-rays and erlotinib were combined in order to
test the radiosensitising potential of erlotinib and, at
the same time, improve anticancer effects. Combined
effects of these agents were followed on the
CRL-5876 human NSCLC lung adenocarcinoma
cells. The chosen biological endpoints were:
clonogenic survival, cell viability and proliferation.
The level of radiation sensitivity is almost exclusively
assessed using clonogenic assay (CA) considered as
the gold standard. Colorimetric viability assays, such
as sulforhodamine B (SRB) or 5-bromo-2'-
deoxyuridine (BrdU) test are basically used for the as-
sessment of cellular chemosensitivity. These tests are
related to the total cell number or the corresponding
proliferation capacity of the cells, while the
clonogenic assay measures the survival of colonies
[21]. All of the mentioned assays were specifically se-
lected to support the comparison of cell inactivation
effects produced by essentially different agents: radia-
tion by y-rays and radiosensitization via erlotinib.
Phosphorylation of histone H2AX (y-H2AX) was

used for the detection of DNA double-strand breaks
induced by ionizing radiation and was evaluated at dif-
ferent time points. This kinetic study enabled the de-
tection of residual DN A damage at the level of individ-
ual cells. The relationship between the loss of
clonogenic ability and the retention of y-H2AX foci
holds for drugs that damage DNA by different mecha-
nisms [22]. Combining these experimental methods,
additional data for the design of new therapeutic ap-
proaches will be obtained.

MATERIAL AND METHODS
Cell culture

Human NSCLC CRL-5876 cells were pur-
chased from the American Type Culture Collection
(ATCC, Manassas, Va, USA) and were cultured in the
RPMI 1640 medium (Sigma-Aldrich Chemie GmbH,
Steinheim, Germany) supplemented with 10% foetal
calf'serum (FCS) (Sigma-Aldrich Chemie GmbH) and
penicillin/streptomycin  (Sigma-Aldrich ~ Chemie
GmbH). Cells were maintained in a humidified atmo-
sphere of 5% CO, at 37 °C (Heraeus, Hanau, Ger-
many).

Irradiation procedure and
erlotinib preparation

CRL-5876 cells were exposed to y-rays and/or
erlotinib in the exponential phase of growth. Irradia-
tions with ©°Co y-rays were performed at the Vinéa In-
stitute of Nuclear Sciences, Belgrade, Serbia. The de-
livered single doses were in the range from 1 Gy to
8 Gy at the dose rate of ~1 Gy/min. For the assessment
of »-H2AX foci, cells were irradiated with a dose of
0.1 Gy at the same dose rate. All cell irradiations were
performed at room temperature, except for the
immunocytochemistry procedure involving irradia-
tions performed at ~0 °C. Erlotinib (Tarceva®) was
purchased from Roche Diagnostics GmbH,
Mannheim, Germany. The 10 mM stock solution was
obtained by dissolution in dimethylsulphoside
(DMSO; SERVA Electrophoresis GmbH, Heidelberg,
Germany). That stock solution was then serially di-
luted in a cell culture medium. Considering that 2 uM
of erlotinib correspond to clinically relevant doses,
this concentration was chosen for the analysis of sin-
gle and combined treatments with y-rays. The final
concentration of DMSO in cell samples did not exceed
0.1%. In accordance with data cited in literature, the
drug was administered 1 h prior to radiation and main-
tained throughout the experiment [23].
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Clonogenic assay

CA was performed according to the previously
described protocol [24, 25]. Cells were harvested im-
mediately after irradiation and/or erlotinib pretreat-
ment and seeded at a suitable number in triplicate, in
6-well plates. A 7 day time point was chosen for the
evaluation of radiobiological effects, since it enables
at least six doubling times following irradiation [26].
After the incubation period of 7 days, cells were rinsed
carefully with phosphate- buffered saline (PBS), fixed
with methanol (Zorka Pharma, Sabac, Serbia), stained
with 0.5% Crystal Violet (Allied Chemical, New York,
USA) in 25% methanol for 10 min. After that, the crys-
tal violet was removed, dishes were rinsed with tap
water and left to dry at room temperature. Colonies
consisting of 50 or more cells were counted under the
inverted microscope. The survival fraction of treated
cells was determined by comparing the number of col-
onies in treated samples with those in control. Digital
images from 6-well plates were taken and colony sizes
measured using ImagelJ software [27].

Cell viability assay

The Sulforhodamine B (SRB) assay was used
for cell density determination [28]. In order to check
the results obtained by the clonogenic assay, these re-
sults were compared with SRB data [21]. To define the
experimental conditions in the SRB assay, exponen-
tially growing cells were treated with 2 M erlotinib
for 24, 48, and 72 h. The most pronounced single ef-
fect of erlotinib was obtained at the 72 h time point.
Therefore, viability tests were performed 72 h and 7
days after the treatment of CRL-5876 cells. The SRB
assay is based on the measurement of the cellular pro-
tein content. The solubilized dye, SRB, binds to the
basic amino acids of cellular proteins. The colorime-
tric measurement of the bound dye provides data on
the total protein content that is correlated with the cell
number. Cells were seeded in 96-well plates at a den-
sity of 1000 cells per well and treated in the exponen-
tial phase of growth. Afterwards, chosen incubation
period cells were fixed with 10% trichloroacetic acid
and stained with 0.4% SRB (Sigma-Aldrich Chemie
GmbH) for 15 min. The excess dye was removed by
washing with 1% acetic acid. The protein-bound dye
was dissolved in a 10 mM Tris base solution for
absorbance determination, at 550 nm, using a
microplate reader (Wallac, VICTOR?2 1420 Multilabel
counter, Turku, Finland).

Cell proliferation assay
The 5-bromo-2'-deoxyuridine (BrdU) assay

(Roche Diagnostics GmbH) was used to measure cell
proliferation by quantifying BrdU that is incorporated

into the newly synthesized DNA of replicating cells.
The assay was performed according to the manufac-
turer's instructions and at the same time points as the
SRB assay (72 h and 7 days after treatment). The cells
were incubated with the BrdU labeling solution for 2
h, fixed and incubated with the anti-BrdU-POD anti-
body. After removing the antibody, the substrate solu-
tion was added and incubated until the dye was devel-
oped (from 5 to 30 min). The reaction was stopped by
adding the 1M H2SO4 solution. Absorbance was mea-
sured using a microplate reader (Wallac, VICTOR2
1420 Multilabel counter) at a test wavelength of 450
nm.

Immunofluorescence staining
for detection of »~-H2AX foci

For the detection of y-H2AX, the primary (di-
rect) immunofluorescence procedure was used.
Briefly, cells were grown on glass cover slips in 6-well
dishes, overnight, in order to attach to the surface. At
0.5,2, 6, and 24 h posttreatment, the medium was aspi-
rated and cells washed with cold PBS. The cells were
then fixed with ice-cold acetone-methanol (1:1) for
30 min at —20 °C. Following fixation, the cells were
washed again with PBS and blocked with a 5% bovine
serum albumin (BSA, Fraction V; Sigma-Aldrich
Chemie GmbH) in PBS for 1 h at room temperature.
They were then incubated overnight at 4 °C with pri-
mary Alexa Fluor® 488 anti-H2AX Phosphorilated
(Ser 139) antibody (BioLegend, San Diego, Cal.,
USA) at 1:500 dilution. After incubation, the cells
were washed 5 times, each for 10 min, with PBS
Tween 20 (PBST) and counterstained with DAPI
(4, 6-diamidino-2-phenylindole dihydrochlo- ride,
1 pg/ml; Sigma-Aldrich Chemie GmbH) in PBS. Fol-
lowing extensive washing in PBST, cover slips were
mounted on glass slides with the Mowiol® 4-88
antifade mounting medium (Sigma-Aldrich Chemie
GmbH). Slides were then sealed and examined using a
confocal laser scanning microscope, Leica TCS SP5 11
(Leica Microsystems CMS GmbH, Wetzlar, Ger-
many) and LAS AF Lite software (Leica Microsys-
tems CMS GmbH). The images were processed and
the number of y-H2AX foci was determined using
CellProfiler image analysis software. Cells with more
than 10 foci were considered as foci-positive. In each
experiment, at least 50 foci-positive cells were exam-
ined.

Statistical analysis

During each experiment, measurements were
made in triplicate and each experiment repeated three
times. The statistical analysis was performed using in-
dependent Student's ¢-test and the value of p < 0.05
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considered as statistically significant. The results were
presented as the mean = SEM (Standard Error of the
Mean).

RESULTS

Survival of CRL-5876 cells
after erlotinib and y-rays

Clonogenic survival is the conventionally used
criterion that illustrates the level of cellular
radiosensitivity. The survival of CRL-5876 cells was
analyzed after their exposure only to y-rays, as well as
after their combined exposure to erlotinib and y-rays.
Experimental data were fitted using the linear-qua-
dratic equation: S = exp(-aD — fD?), where S is the
surviving fraction for dose D, while & and 8 are the fit-
ting parameters.

The best fit curves of the data points for two ex-
perimental setups obtained by clonogenic assay 7 days
after irradiation are presented in fig. 1(a), while the
corresponding radiobiological data are given in tab. 1.
These results indicate a rather high level of
radioresistance of the analyzed cells to lower doses of
y-rays (1 and 2 Gy). The estimated survival fraction at
2 Gy (SF2)is 0.61. Starting from 4 Gy, the response of
CRL-5876 cells to y-rays is major, showing significant
cell inactivation, fig. 1(a). Pretreatment of the irradi-
ated CRL-5876 cells with erlotinib causes higher inhi-
bition of cell survival with respect to irradiation alone.
The relative biological effectiveness at 2 Gy (RBE
(2 Gy, 7)) is 3.12. It is defined as the ratio of a 2 Gy
y-ray dose and a y-ray dose boosted by erlotinib that
produces the same inactivation level as that given by 2
Gy of'the reference y-rays. Moreover, the reduction in
colony number is accompanied by the reduction in col-
ony size, as illustrated in fig. 1(b). Another commonly
used radiobiological parameter is the D, value which
represents the radiation dose required to reduce sur-
vival to 10%. Pretreatment with erlotinib leads to a
drop of D, from 5.6 £ 0.6 to 2.9 £ 0.4. The
radiosensitization potential of erlotinib is also illus-
trated by the sensitization enhancement ratio (SER)
[29]. It is defined as the ratio of D,, without the
sensitizer and D,, with the sensitizer, i. e., in this case,
erlotinib. The obtained SER of 1.9 indicates that the
increase of sensitivity to y-irradiation is induced by
erlotinib (tab. 1).

Viability and proliferation of
CRL-5876 cells after erlotinib and y-rays

The SRB assay was performed to assess cell via-
bility after irradiation without and with erlotinib pre-
treatment. According to the data obtained, 72 h after ir-
radiation a major dose-dependent response to single
y-rays with respect to the control is observed, fig. 2(a).
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Figure 1. (a) Dose-dependent survival curves of human
CRL-5876 cells after irradiation with y-rays and after
combined treatment with erlotinib and j-rays, obtained
by clonogenic assay. The curves represent the best fit of
the survival data to the linear-quadratic equation.
Irradiation doses are 1, 2, 4, 6, and 8 Gy. Concentration
of erlotinib is 2 pM. Data obtained from 3 experiments
are presented as mean £ SEM; (b) Relative reduction of
the CRL-5876 colony size after single and combined
treatment with 2 Gy y-rays and 2 pM erlotinib
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Table 1. Survival parameters, RBE and SER values for CRL-5876 cells

Treatment a [Gy™] B[Gy?] RBE [2 Gy, 71 Do [Gy] SER [D)]
y-rays 0.166 + 0.059 0.042 £0.019 0.61 £0.01 1.00 5.6+£0.6 1
y-rays + erlotinib | 0.789 £ 0.110 - 0.21 £0.01 3.12+0.44 29+04 1.9+0.33
Data are presented as mean = SEM
Viability is reduced for more than 50%. Both single Ly [ rays
and combined treatments show a statistically signifi- 1204 I /-rays + Erlotinib (E)
cant inhibition of cell viability compared to the control 5
cells (p < 0.001). CRL-5876 cells reveal a consider- g 100+
ably higher dose-dependent inactivation to combined E,) il
treatment, as compared to single treatment with y-rays. *% IH S ”
At higher doses of radiation, a slightly less pro- E 60 T IH poowe i
nounced effect of erlotinib is noticed (p < 0.001). 40 ik o .
Erlotinib alone also decreases the viability of the cells
72 h after administration (p < 0.01), fig. 2(a). 20
At 7 days of posttreatment with y-rays, higher ir-
radiation doses of 6 Gy and 8 Gy provoke a strong de- & 0 2
cline in cell viability. A better dose-dependent re- Dose [Gy]
sponse with combined treatment is observed when
compared to the 72 h time point. Moreover, at this time 1407 [ rrays
point, viability after combined treatments is signifi- 120 I /rays + Erlotinib (E)
cantly different with respect to each single treatment =
(p < 0.001 and p < 0.01 compared to y-rays and § 100
erlotinib, respectively), fig. 2(b). E—,’ 80 J[I:f T " -
According to the results obtained by the BrdU £ "
assay, 72 h after exposure to single y-rays, cell prolif- § 607 i iiia
eration decreases from 86% to 4% of the control value. 404 i III #
Combined treatments provoke an even stronger and L e
statistically significant inhibition of proliferation, not &S Lo
exceeding 10% of the control value, fig. 3(a). Never- 0

theless, at the 7 days' time point, cells indicate prolifer-
ation recovery for all treatments, as compared to the
72 h time point, fig. 3(b).

Kinetics of -H2AX foci formation

In order to evaluate the effect of erlotinib pre-
treatment on irradiation-induced DNA damage,
immunofluorescent staining of phosphorylated H2AX
and confocal image analyses were performed 0.5, 2, 6,
and 24 h after irradiation. Representative micrographs
of the cells containing y-H2AX foci are shown in fig.
4(a). Immediately after exposure to 0.1 Gy y-rays, the
number of y-H2AX foci increases and after reaching
the maximum at 2 h, gradually decreases as the conse-
quence of DNA repair. At 24 h postiradiation, the
number of foci decreases to the control level. Al-
though the induction and kinetics of the disappearance
of -H2AX foci is similar in erlotinib pretreated cells,
significant changes in the number of foci are observed
only at 24 h posttreatment (p < 0.05), fig. 4(b).

(b) Dose [Gy]

Figure 2. Viability of CRL-5876 cells after single and
combined treatments with y-rays and erlotinib
determined by SRB 72 h (a) and 7 days (b) after
irradiation. Irradiation doses are 1, 2, 4, 6, and 8 Gy,
while the concentration of erlotinib (E) is 2 pM. Data
obtained from 3 experiments are presented as mean +
SEM

(* — single or combined treatment vs. control, T — combined
treatment vs. y-irradiation, # — combined treatment vs. single
drug treatment; 0.01 <p <0.05 (*, 1,#),0.001 <p<0.01 (**,
T, ##), p < 0.001 (***, F17, #i##))

DISCUSSION

In contemporary medical practice, radiation is
being used as an effective modality in cancer treatment
with the ultimate goal of providing the most optimal
therapeutic effect. Over the past years, the main chal-
lenges in cancer cure were focused on treatment and
delivery planning, with the aim of improving the ther-
apeutic effects and minimizing corresponding, unin-
tended, side effects. However, radiation oncology is
faced with dose tolerance limitations and, if it is to
progress further and deliver better clinical outcomes, it
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Figure 3. Proliferation of CRL-5876 cells after single and
combined treatments with y-rays and erlotinib revealed
by BrdU 72 h (a) and 7 days (b) after irradiation.
Irradiation doses are 1, 2, 4, 6, and 8 Gy, while the
concentration of erlotinib (E) is 2 pnM. Data obtained
from 3 experiments are presented as mean + SEM

(* — single or combined treatment vs. control, T — combined
treatment vs. y-irradiation, # — combined treatment vs. single
drug treatment; 0.01 <p <0.05 (*, T,#),0.001 <p<0.01 (**,
T4, ##), p < 0.001 (¥**, 711, #4##)

needs to integrate biological innovations into the radi-
ation therapy [30]. Molecular targeted drugs as mod-
ern radiosensitizing agents receive much attention.
Preclinical in vitro and in vivo model systems may be
used to examine mechanisms underlying tumor
radiosensitization by these drugs [31]. The blockade
of the wild-type EGFR has also been demonstrated to
reduce radiation resistance through three separate
mechanisms: by reducing DNA repair, by inhibiting
antiapoptotic pathways and by reducing proliferation
[16]. This study describes the ability of the EGFR ty-
rosine kinase inhibitor, erlotinib, to modulate the radi-
ation response in human CRL-5876 NSCLC
adenocarcinoma cells.

Several preclinical and clinical studies are un-
derway to evaluate the combination of erlotinib with
radiotherapy [20, 32]. Since there is a lack of basic re-
search in this field, recent in vitro studies have been

Figure 4. (a) Distinctive micrographs of the cells contain-
ing -H2AX foci after single and combined treatments
with y-rays and erlotinib, obtained by confocal laser
scanning microscope in order to reveal Kkinetics of
7-H2AX foci; (b) Kinetics of irradiation-induced
7-H2AX foci formation after single and combined treat-
ments with y-rays and erlotinib. ~-H2AX foci are deter-
mined at the time points of 0.5, 2, 6, and 24 h. The
irradiation dose is 0.1 Gy while the concentration of
erlotinib is 2 pM. Concentration of DMSO correspond-
ing to that added with erlotinib solution

designed with erlotinib given before and/or after radi-
ation, but the optimal way of administering these
agents needs yet to be established [33]. In this experi-
mental setup, erlotinib was added 1 h before irradia-
tion, with prolonged incubation after irradiation when
the assays were performed. A similar experimental
setup was reported by Wang and coworkers [23].
The biological endpoints used in this work, i. e.,
clonogenic survival for the assessment of radiation
damage and colorimetric assays enabling the follow
up of cellular viability after administration of different
antitumour agents, were chosen to allow for the com-
plementary analyses of the combined treatment that
was applied. All assays were performed at appropriate
time points, thus enabling comparative investigation
of obtained data. In addition, the kinetic study of ap-
pearance and disappearance of y-H2AX foci, particu-
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larly extended to the time point of 24 h, was aimed to
correlate the loss of clonogenic ability detected by CA,
with the retention of DNA damage-induced foci,
therefore providing a complementary approach [22].

As demonstrated by CA, with SF2 being 0.61,
the CRL-5876 «cells can be considered as
radioresistant, fig. 1(a). In combined treatment,
erlotinib increased the radiosensitivity of CRL-5876
cells, reaching 0.21 for SF2, whereas the D, value
also changed from 5.6 to 2.9 Gy, thus giving a SER of
1.9 (tab. 1). The decrease in colony number was ac-
companied by a decrease in colony size, fig. 1(b). A
similar conduct of radiosensitivity as a function of
dose after treatments with y-rays alone and in combi-
nation with erlotinib was observed when cells were
analyzed by other viability tests, such as SRB and
BrdU, figs. 2 and 3. Nevertheless, CA showed a stron-
ger inactivation of CRL-5876 cells than SRB and
BrdU assays. This can be explained by the fact that the
clonogenic assay measures only the capacity of indi-
vidual cells to form macroscopic colonies, whilst via-
bility assays measure the total protein content (SRB
assay) or DNA replication (BrdU assay). Moreover,
recent data indicate that radiation and erlotinib can
cause growth arrest by inducing accelerated cell se-
nescence [23]. Senescent cells remain metabolically
active for an extended time (up to 7 days after treat-
ment) and therefore would be scored as “survivors” in
viability assays [34].

Most of the cancer therapeutic agents, including
radiation therapy, directly or indirectly induce DNA
double-strand breaks (DSB). If not properly repaired
by the cellular repair machinery, these injuries are con-
sidered lethal. One of the first cellular responses to
these damages is phosphorylation of histone H2AX,
resulting in the formation of distinct foci within min-
utes after the initial damage [35]. Due to its capability
to distinguish microscopically visible foci in single
cells, -H2AX assay is widely applied in monitoring
the effectiveness of radiation sensitizers [36]. Exploit-
ing the high sensitivity of this assay, the impact of
erlotinib on DSB repair kinetics after radiation was
tested. To avoid foci overlapping and, thus, the possi-
ble underestimation of their number at high doses, a
low irradiation dose, i. e., 0.1 Gy, was chosen for the
investigation of the extent of the radiosensitizing ef-
fect of erlotinib. The results obtained show a signifi-
cantly higher number of foci in erlotinib-pretreated
cells 24 h after radiation. It was previously reported
that this retention of y-H2AX foci is to be associated
with the loss of clonogenic potential [37]. Several
studies have shown that repair-deficient cell lines pre-
serve more foci when analyzed 24 h after irradiation
[38, 39]. Cells that retained unrepaired foci are proba-
bly the cells that are intended to die. The percentage of
cells that preserved y-H2AX foci 24 h after irradiation
was correlated with the percentage of cells that lost
clonogenicity, thus making it possible to use the frac-

tion of cells with residual foci as a way to estimate sen-
sitivity to killing by ionizing radiation [22, 40].

EGFR is involved in several critical processes in
DNA repair that include impact on translocation, tran-
scription and phosphorylation of key proteins and
genes responsible for DNA repair [41]. Therefore, this
multiple role of EGFR in the DNA repair process may
be the cause of the radiosensitization effects of
erlotinib on analyzed CRL-5876 cells. The molecular
mechanisms by which erlotinib regulates DSB repair
need further in-depth investigation.

CONCLUSION

In summary, results reveal that y-rays inactivate
CRL-5876 cells in a dose-dependent way. Pretreat-
ment with erlotinib sensitizes the cells to y-rays, thus
making this agent valuable in cancer treatment when
used in synergy with radiation. The in situ detection of
y-H2AX foci was used in monitoring the effectiveness
of pretreatment with the radiation sensitizer. The esti-
mation of an optimal therapeutic schedule for the ad-
ministration of erlotinib synchronized with radiation
treatment would be beneficial for a combined therapy
approach.
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Ornmja [I. KETA, Tama M. BYJIAT, Jlena b. KOPUhAHALI,
Jenena J. KAKY/JIA, Bakomo KYTOHE, Byszene IPUBUTEPA, UBan M. IETPOBUR,
Anekcanapa M. PUCTUh-®PUPA

PAINOCEH3UBUIN3AIIMIA HECUTHOREINJCKOTI
KAPIIMHOMA IIIYHA YOBEKA MHXUBUIINJOM EI'®P-a

MounekynapHo Iu/baHa Tepanyja KaHIlepa je BaskaH IIPUCTYII 3a Teuere oBe bonectu. Imajyhuy
BHJly YJIOTY KOjy peLenTop 3a enufepMaliHu (pakTop pacTa uMma Ha nponudepanujy 1 IpekuBibaBambe
henuja, mocToje Ha3HaKe Jla [UIbAHU ar€HCH, KAo IITO Cy MHXUOUTOPU TUPO3UH KUHA3a, HIIP. €PIOTUHUO,
Mory aa nosehajy edukacHOCT 3pauema y eaTumMuHanuju Tymopa. Lk oBe crynumje je ananmm3a edekara
Pa3IMYUTHX 1032 FaMa 3paueka Kao U TeCTUPambe MOTYhHOCTH epJ0THHUOA Aa noBeha paguooceTIbUBOCT
henuja xymaHor afieHokapimHoMa rtyha y in vitro ycnosuma. [IpuMemeHe cy 1o3e rama 3paueta o 1 Gy o
8 Gy. Y namepu na ce noseha paguooceribuBoct CRL-5876 anenokapuunoma niyha, henuje cy rpetupane
KJIMHUYKY PENIEBAHTHOM JI030M epaoTHHUOA off 2 M. EpekTn nojequHauHiX 1 KOMOMHOBAHUX TPETMaHa
cy npaheHu noMohy KJIOHOT€HOT NpeKuBIbaBamka henuja, Kao 1 BbUXOBE BUjaOUITHOCTH U Tposudepanmje y
pa3IuIUTAM BPEMEHCKMM TauyKama. 3a JIeTeKIujy u Busyeausanyujy docpopunucanor xucrona H2AX
(»-H2AX), koju je BaxkaH 6buoMapkep 3a npaheme cTBapama iponanyanux npekuaa JHK, kopunrhena je
MeTofa ¢payopecteHTHe umyHonuToxemuje. OIroBop Ha TpeTMaHe je mpaheH y Y4eTUpU BPEMEHCKE TauKe:
30 muHyTa, 2, 6 1 24 yaca. O3paunBame raMa 3palnuMa J0BeJIO je 10 3HauajHe UHaKTHUBauuje henuja Ha
HHUBOY CBUX NpaheHUx OHOJOMIKUX mapaMeTapa. KOMOMHOBAHN TPEeTMaHU Cy MOKa3ald KOH3UCTCHTHY
henujcky mnakTuBanyjy. Takobe, nosehan Opoj »-H2AX jepapaua je npuMeheH HakOH IpeTpeTMaHa
epnoTuHUOOM y mopebemwy ca camuM rama spademeM. OBO yKasyje Ha nosehame pajuooceT/bUBOCTI
henuja no koje je mouwno ycnen HapymeHe [JHK penapauuje.

Kwyune peuu: heauja adenokapyunoma iayha wogeka, zama 3pauerse, /IHK owitieherse, epaoitiunuo,
paouocenaubuausayuja




