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Abstract
Multimodal treatment has improved the outcome of many solid tumors, and in some cases the use
of radiosensitizers has significantly contributed to this gain. Activation of the extracellular
signaling kinase pathway (MEK/ERK) generally results in stimulation of cell growth and confers a
survival advantage playing the major role in human cancer. The potential involvement of this
pathway in cellular radiosensitivity remains unclear. We previously reported that the disruption of
c-Myc through MEK/ERK inhibition blocks the expression of the transformed phenotype, affects
in vitro and in vivo growth, angiogenic signaling, and induces myogenic differentiation in the
embryonal rhabdomyosarcoma (ERMS) cell lines (RD). The present study was designed to
examine whether the ERK pathway affects intrinsic radiosensitivity of rhabdomyosarcoma cancer
cells. Exponentially growing human ERMS, RD, xenograft-derived RD-M1 and TE671 cell lines
were used. The specific MEK/ERK inhibitor, U0126, reduced the clonogenic potential of the three
cell lines, and was effected by radiation. U0126 inhibited phospho/active ERK1/2 and reduced
DNAPKcs suggesting that ERKs and DNA-PKcs cooperate in radioprotection of
rhabdomyosarcoma cells. The TE671 cell line-xenotransplanted in mice showed a reduction in
tumor mass and increase in the time of tumor progression with U0126 treatment associated with
reduced DNAPKcs, an effect enhanced by radiotherapy. Thus, our results show that MEK/ERK
inhibition enhances radiosensitivity of rhabdomyosarcoma cells suggesting a rational approach in
combination with radiotherapy.
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INTRODUCTION
Rhabdomyosarcoma (RMS) is a rare malignancy. Nonetheless, it is a common childhood
cancer, constituting more than 50% of all soft tissue sarcomas. In contrast, RMS is
exceedingly infrequent in adults: soft tissue sarcomas make up less than 1% of all adult
malignancies, and RMS accounts for 3% of all soft tissue sarcomas (1). Treatment for this
malignancy requires a multimodality approach combining surgery with radiotherapy (RT)
and/or chemotherapy. Although overall outcomes have improved considerably, the outcome
for patients with high-risk disease remains relatively poor, which points to a clear need for
new therapeutic strategies. Most RMSs are not amenable to complete surgical resection, and
for the majority (70%) of patients recurrence occurs within the first two years after treatment
(1-2). In this scenario RT is a major tool in the treatment of RMS. It can eradicate residual
tumor cells, especially when the surgical eradication is not complete or limited by the
anatomic position such as in the RMS of head and neck and the pelvis region (3). However,
local recurrence remains a significant clinical obstacle and represents a common pattern for
treatment failure for RMS. One of the major goals of local control for tumors in patients
already treated with surgery and chemotherapy is to enhance the sensitivity of RMS tumor
cells to the cytotoxicity of ionizing radiation. The substantial experimental body of evidence
demonstrates that radiation resistance is associated with the abnormal expression of
activated oncogenes, including Ras (4-5) and c-Myc (6). The Ras/Raf/mitogen-activated
protein kinase kinase (MEK)/extracellular signal-regulated kinase (ERK) cascade regulates
proliferation, differentiation, survival, motility, and tissue formation (7-16). Mutated forms
of Ras are found in 30% of human cancers (9-11) including RMS (12) and mutations
produce proteins that remain locked in a constitutively active state, thereby relaying
uncontrolled signals (13). The Ras-MAPK pathway when constitutively activated mediates
resistance to ionizing radiation (14) through EGF induction and EGF-receptor mediated
activation of prosurvival PI3K-AKT pathway which in turn activates DNA protein kinase
catalytic subunit (DNA-PKcs) (15). The Myc/Max transcription factors family play a role in
human cancer (16). In conditional transgenic models, Myc induced tumors can regress upon
reduction in Myc transgene expression (17). The Ras/Raf/MEK/ERKs pathway induces c-
Myc stability and GSK-3β reduces its stability (18-19). Accordingly, Ras/MEK/ERK
activation / phosphatidyinositol 3-kinase/AKT-mediated GSK-3β inactivation leads to c-
Myc accumulation (20). Interestingly, the radiation resistant phenotype of cells transformed
by mutated Ras is enhanced by the c-Myc oncogene (6,21). The Ras/Raf/MEK/ERKs
pathway has been considered as a target for the radiosensitazion of cancer cells (22) but no
data have been reported in RMS as radiosensitizer agents.

DNA double-strand break is critical in DNA lesions induced by radiation. In mammalian
cells the repair of these lesions occurs by non-homologous end joining (NHEJ) requiring
Ku70/Ku86 and the recruitment of the catalytic subunit of DNA-dependent PK (DNA-
PKcs), which phosphorylates and regulate proteins involved in ligation processes. DNA-
PKcs determine radioresponsiveness of human glioblastoma cell lines (23-24). DNA-PKcs
also play roles in cell cycle checkpoint control, cell death and protein stabilization such as
p53 and c-Myc (25-26). DNA-PKcs are necessary for genomic stability whereas abnormal
levels in cancer cell may contribute to cell proliferation, radioprotection and change in c-
Myc levels, eventually contributing to oncogenic phenotype. The relationship between
DNA-PKcs level and chemosensitivity and radioresponse has been documented (27-29).
Moreover, the human cell lines which are deficient in DNA-PKcs are radiosensitive because
of the inefficient DNA DSB repair (30).

We previously showed in cultured ERMS-derived cell lines (RD) that the transformed
phenotype could be reversed by disrupting c-Myc through the specific MEK/ERK inhibitor,
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U0126 (31), which prevented activation of MEK1/2 (32) and ERK pathways. U0126
induces growth arrest in in vitro and in vivo ERMS models as seen in other tumor types (9).

We investigated whether MEK/ERK inhibition, by U0126, affects the radiosensitivity of
ERMS tumor in an in vitro and in vivo model of xenograft. Herein, U0126 suppressed
colony formation of RD xenograft – derived cell line RD-M1 and TE671 embryonal
rhabdomyosarcoma cell lines. U0126 increased the radiosensitivity of ERMS-xenografted
nude mice. Both in vitro and in vivo models MEKs/ERKs inhibition down regulated c-Myc
and DNA-PKcs. These results corroborate the idea that Ras/Raf/MEK/ERKs pathway may
be a useful target for enhancement of radiotherapy effect. It is therefore sage to conclude
that MEK inhibitors may have an important role in combination with radiotherapy for
patients with embryonal rhabdomyosarcoma.

MATERIALS AND METHODS
Cell Cultures, Treatments and Radiation exposure

The human ERMS RD cell lines were obtained by American Type Culture Collection in
2004. The ERMS TE671 (HTL97021) cell line were obtained by Interlab Cell Line
Collection in 2006. RD cell line was tested and authenticated by ATCC for the expression of
myoglobin and myosin ATPase cellular products. TE671 cell line tested and authenticated
by Interlab Cell Line Collection respectively for the expression of nicotinic acetylcholine
receptor; acetylcholine receptor; peripheral type benzodiazepine receptor. Tumor-derived
RD-M1 cell line were obtained from RD cells xenografted on nude mice as previously
described (29) tested and authenticated by our laboratory for the expression of myoglobin
and myosin ATPase cellular products. The cell lines are tested in our laboratory every one
year for the expression of specific markers by western-blot analysis and were last tested in
2009. The cell lines were cultured as previously described (29). Treatment with 10 μmol/L
MEK/ERK inhibitor U0126 (1,4-diamino-2,3-dicyano-1,4-bis[2-
aminophenylthio]butadiene; Promega) was done for the times shown in the figures and
started before radiation lasting for 24 hours. Radiation was delivered at room temperature
using an x-6 MV photon linear accelerator. The total single dose of 4 Gy was delivered with
a dose rate of 2Gy/min using a source-to-surface distance (SSD) of 100 cm. Doses of 200
kV X-rays (Yxlon Y.TU 320; Yxlon, Copenhagen, Denmark) filtered with 0.5 mm Cu. The
absorbed dose was measured using a Duplex dosimeter (PTW, Freiburg, Germany). The
dose-rate was approximately 1.3 Gy/min and applied doses ranged from 0 to 6 Gy.

Colony formation assay
For clonogenic survival assay exponentially growing RD, RDM1 and TE671 cells in 25-cm2
flasks were harvested by exposure to trypsin and counted. They were diluted serially to
appropriate densities and plated in triplicate in 6 multi-well plates with 2mL of complete
medium/each well in the presence or absence of 10μM U0126 or vehicle for 24 hours (final
DMSO concentration of 0.1%; we confirmed that this DMSO concentration did not affect
the proliferation of RD and TE671 and RD-M1 cell lines). After incubation for 24 hours, the
cells were exposed at room temperature to various doses of radiation as already described.
The cells were then washed with PBS, cultured in drug-free medium for 14 days , fixed with
methanol:acetic acid (10:1, v/v), and stained with crystal violet. Colonies containing >50
cells were counted. The plating efficiency (PE) was defined as the number of colonies
observed/ the number of cell plated; the surviving fraction (SF) was calculated as follows:
colonies counted / cells seeded X (PE/100).
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Immunoblot Analysis
Western blotting was conducted as described previously (33). Briefly, cells from cultures
were lysed in 2% SDS containing phosphatase and protease inhibitors (Roche) sonicated for
30 seconds. Proteins of whole-cell lysates were assessed using the Lowry method (34), and
equal amounts were separated on SDS-PAGE. Tumors were crushed in nitrogen, and the
powder was collected and resuspended in 2% SDS containing phosphatase and protease
inhibitors, sonicated for 30 s, and clarified by centrifugation. Aliquots of tissue extracts were
used for total protein evaluation. SDSPAGE analysis was done as for cultured cells. The
proteins were transferred to a nitrocellulose membrane (Schleicher & Schuell, Bioscience)
by electroblotting. The total protein level balance was confirmed by staining the membranes
with Ponceau S (Sigma). Immunoblottings were done as described previously (35) with the
following antibodies: anti-c-Myc (N-262), anti-phospho-ERK1/2 (E-4), anti-ERK2 (C-14),
anti-phospho-GSK3, anti-Cyclin D1 and GAPDH ( all from Santa Cruz Biotechnology), and
DNA-PKcs (from Abcam). Peroxidase-conjugate anti-mouse or anti-rabbit IgG (Amersham
GE Healthcare) were used for enhanced chemiluminescence detection.

In vivo Experiments, U0126 and Radiation Treatment
Female CD1 athymic nude mice (Charles River, Milan, Italy) were maintained under the
guidelines established by our Institution (University of L'Aquila, Medical School and
Science and Technology School Board Regulations, in compliance with the Italian
government regulation n.116 January 27 1992 for the use of laboratory animals). Before any
invasive manipulation, mice were anesthetized with a mixture of ketamine (25 mg/ml)/
xylazine (5 mg/ml). For xenotransplants exponentially growing TE671 cells were detached
by trypsin-EDTA, washed twice in PBS, and resuspended in saline solution at cell densities
of 1×106/200 l. Xenotransplants were done in 45-day-old female nude CD1 mice by s.c.
injection in the leg using a 21-gauge needle on a tuberculin syringe. Treatments started when
tumors reached a volume of 0.2 to 0.5 cm3.

U0126 solution was prepared in DMSO as a stock solution of 10μmol/L and the amount of
drug to be injected into a set of mice was diluted with carrier solution (40% DMSO in
physiologic solution). The U0126 dose here used has been already tested as a dose non toxic
to mice and efficient in inducing down regulation of ERK1/2 in the tumors (36). U0126 was
administered 3 times/week, the day before of RT treatment. This protocol was chosen
because a full inhibition of ERK activation is guarantee in vivo after 24 hours and was
documented after this time (36). Mice were irradiated at room temperature using an Elekta
6-MV photon linear accelerator. Five fractions of 2 Gy were delivered over 5 consecutive
days for a total dose of 10 Gy. A dose rate of of 1.5 Gy/min will be used with a source-to-
surface distance (SSD) of 100 cm. Prior to irradiation mice were anesthetized and were
protected from off-target radiation by a 3 mm lead shield. Before tumor inoculation mice
were randomly assigned to 4 experimental groups. Each group was composed of 8 mice.
One control group received intraperitoneal (i.p.) injection of 200 μl carrier solution; one
group received i.p. injection of 200 μl U0126 solution at the dose of 25μmol/Kg; one group
received RT (6 fractions of 2 Gy delivered 3 times/week to a total dose of 12 Gy); one group
received 200 μl U0126 solution at the dose of 25μmol/Kg coupled with RT (6 fractions of 2
Gy delivered 3 times/week to a total dose of 12 Gy) delivered 24 hrs after the beginning of
treatment with U0126 (Figure 4). Experiments were stopped 12 days after the last RT
treatment and mice were sacrificed by carbon dioxide inhalation. Tumours was directly
frozen in liquid nitrogen for protein analysis and biochemical evaluation.

Evaluation of treatment response in vivo
The effects on tumour growth of different treatments were evaluated as follows: (1)
measuring tumour volume during and at the end of experiment. Tumor volume was assessed

Marampon et al. Page 4

Mol Cancer Ther. Author manuscript; available in PMC 2012 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



every 4 days measurement with a Vernier calliper (length × width). The volume of the tumor
was expressed in mm3 according to the formula 4/3π r3; (2) measuring tumor weight at the
end of experiment; (3) Time to progression (TTP), defining tumor progression (TP) an
increase of greater than 100% of tumor volume respect to baseline.

Statistical methods
Continuous variables were summarized as mean and standard deviation (SD) or as median
and 95% CI for the median. For continuous variables, statistical comparisons between
control and treated groups were established by carrying out the Kruskal-Wallis Tests (a
parametric one-way analysis of variance for independent groups) or the Mann-Whitney test
(in the case of two independent groups). Dichotomous variables were summarized by
absolute and/or relative frequencies. For Dichotomous variables, statistical comparisons
between control and treated groups were established by carrying out the exact Fisher's test.
For multiple comparisons the level of significance was corrected by multiplying the P value
by the number of comparisons performed (n) according to Bonferroni correction. TTP was
analyzed by Kaplan-Meier curves and Gehan's generalized Wilcoxon test. When more than
two survival curves were compared the Logrank test 10 for trend was used. This tests the
probability that there is a trend in survival scores across the groups. All tests were two-sided
and were determined by Monte Carlo significance. P values <0.05 were considered
statistically significant.

The effects of the treatments were examined as previously described by Prewett et al. (37).
The effect on tumor growth was measured by taking the mean tumor volume on day 24 for
the different treatment groups: controls, treatment with RT (treatment a), treatment with
U0126 (treatment b) and treatment with RT + U0126 (treatment a + b). For tumor volume,
fractional tumor volume (FTV) for each treatment group was calculated as the ratio between
the mean tumor volumes of treated and untreated tumors. For TTP, fractional TTP (FTTP)
for each treatment group was calculated as the ratio between the median TTP of untreated
and treated tumors. This was done for treatment a, for treatment b and for treatment a + b.
The expected FTV or FTTP for the << a + b >> combination was defined as FTVa-observed
X FTVb-observed or as FTTPa-observed X FTTP-observed. The ratio FTV a + b-expected/
FTV a + b-observed or FTTP a + b-expected/FTTP a + b-observed was the combination
Index (CI). If CI > 1, there are supra-additive effects and if CI < 1 infra-additive ones.
Strictly additive effects are observed if CI = 1. All statistical analyses were performed using
the SPSS® statistical analysis software package, version 10.0.

RESULTS
Radiation decreases clonogenic survival of embryonal rhabdomyosarcoma cell lines

In order to explore the differential effect of radiation on RD, RD-M1 and TE671 cell lines,
clonogenic survival was determined upon treatment with increasing radiation doses (0-6 Gy)
(Fig. 1). Increasing doses of radiation significantly (p<0.05) decreased the number of
colonies formation compared with control (Fig. 1A). This was associated with a reduction of
clonogenicity in all tested cell lines (Fig. 1B). RD and RD-M1 cell lines showed the greatest
sensitivity to RT (Fig. 1 A-B).

MEK/ERK inhibition synergistically increases the radiosensitivity of rhabdomyosarcoma
cell lines

As previously reported (31,36) MEK/ERK inhibition reverses the transformed phenotype of
embryonal rhabdomyosarcoma cells. Clonogenic survival was determined in tumor cells
cultures upon treatment with a potent MEK/ERK inhibitor U0126 1 hour before radiation of
RD, RDM1 and TE671 (Fig. 2 and Table 1). The rationale of treating the cells before
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radiation was to assess whether the inactivation of MEK/ ERK pathway positively enhanced
radiosensitization of the tumor cell lines (Fig. 2A).

As shown in Tab.1, the more radioresistant tumor cell line was TE671 with SF of 0.83.
Although the antitumor effect of U0126 was evident in all cell lines the U0126
synergistically increased the radiosensitivity in all three cell lines (Table 2).

MEK/ERK inhibition inhibits growth and radioresistant signals in RD and TE671 cells
DNA-PKcs is up regulated in many tumors and is important in the radiation response.
DNAPKcs abundance was assessed by western blot in response to U0126 (Fig 3A and B).
The U0126 treatment alone and in combination with radiation reduced (Fig 3A and B, see
also supplementary data) DNA-PKcs in parallel with c-Myc inhibition. The combined
treatment of U0126 with radiation inhibited Cyclin D1 expression more than either
treatment alone. U0126 alone inhibited phospho-active ERKs but not GSK3-β.

U0126 with radiation results in synergistic antitumor effects in vivo
For in vivo experiments, TE671 cell line was chosen due to its intrinsic radioresistance in
comparisons with the other tumor cells (Fig. 1). When tumor volume reached 0,5-1.0 cm3

(T0), U0126 was i.p. administered and followed by radiation one day after (Fig. 4). Tumor
volumes were measured every 4 days for a period of 24 days in untreated (control), U0126-
treated (U0126), irradiated (RT) and U0126/Irradiated (RT+U0126) tumors (Fig. 4A).
Tumor masses from irradiated mice grew rapidly from the twelfth day of treatments but at
lesser extent than control mice (Fig. 4A). U0126-treated mice grew at significantly less
extent (45% of inhibition at end point) (36). The treatment with U0126 before RT decreases
growth further with an 80% inhibition. Computed CI value, in terms of tumor volume as
outcome measure, was determined on day 24 after cell implantation and indicated
synergistic effect for the combination of RT with U0126 (CI=1.92). Tumor weights in mice
treated with U0126 and radiotherapy decreased significantly ranging from 60 to 80% respect
to controls (Fig. 4B). Treatments with U0126 or RT alone were not as effective as in
combination (Fig. 4B).

U0126 synergizes with radiation in delaying time to progression (TTP)
The number of mice with tumor progression significantly differed across the groups and this
was confirmed by the Kaplan-Meier curves (Fig. 5A) and the median values of TTP (Fig.
5B). In the control group tumor progression occurred within 14 days after the beginning of
treatment (Fig. 5A) with a median TTP of 13 days (95% CI 11.3 to 13.7). Upon RT
treatment a negligible improvement in the TTP was documented compared to controls
(p=0.10). In the RT group the tumor progression occurred within 15 days after RT with a
median TTP of 13.5 days (95% CI 12.3 to 14.7). The treatment with U0126 significantly
improved the TTP compared to controls (p=0.0002) or RT (p=0.0002). In the group treated
by U0126 tumor progression occurred from the 17th day after the beginning of treatment
and completed within the day 20. The median TTP after this treatment was 18 days (95% CI
17.0 to 19.7). The most evident improvement was documented when U0126 was coupled
with RT. This combined treatment significantly improved the TTP compared to RT
(p<0.0001) or U0126 (p<0.0001) with a clear synergistic effect (CI=1.27). For this group the
median TTP was 24 days (95% CI 22.0 to 24.0) and the tumor progression was documented
only from the 22th day after the beginning of treatments.
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DNA-PKcs and c-Myc tumor expression is reduced by MEK/ERK inhibition and radiation in
vivo

Tumors from different settings at end point were analyzed for the expression levels of
phospho-ERKs, cMyc, DNAPKcs and Cyclin-D1. c-Myc, DNA-PKcs and Cyclin-D1
expression levels were decreased upon U0126 treatment either alone and in combination
with RT radiotherapy (Fig. 6). ERK inhibition was evaluated in tumors that were taken 16
hrs after the last U0126 administration. These results support the hypothesis that in vivo
radiosensitivity can be recovered following growth and DNA-repair signals inhibition.

DISCUSSION
The Ras-MAPK pathway is important in radioresistance and activated oncogenic Ras
mediates resistance to ionizing radiation (14). Active Ras-protein induces MAPK- and
PI3K/AKT-pathway via autocrine mechanisms such as the production of EGFR ligands
(4-5,38). It has been recently reported that radiation-mediated EGFR activation induces cell
survival also supported by DNADSB repair through direct interaction with DNA-PKcs. In
this regard, the effect of Ras/MEKs/ERKs inhibition and the downstream target pathways in
radiation response has not yet studied in rhabdomyosarcoma tumors.

We previously reported that MEK/ERK pathway inhibition reverses the transformed
phenotype of RMS in in vivo and in vitro system (31,36). Herein, MEK/ERK inhibition
enhances radiosensitivity of ERMS cell lines. RT diminished the colonies formation of three
embryonal rhabdomyosarcoma cell lines and pre-treatment with the MEK/ERK inhibitor,
U0126, synergistically enhances the RT response also in TE671 line which behaved more
radioresistant.

U0126 treatment down regulated phospho-active ERKs Cyclin-D1 and c-Myc. RT alone
sensibly reduced DNA-PKcs and Cyclin-D1 expression levels, the latter being even more
affected by U0126 and strongly down regulated in combined U0126 and irradiation therapy.
The role of Cyclin D1 in cell survival has been documented. Cyclin D1-/- mouse embryonic
fibroblast have enhanced response invoked by γ-irradiation (39), consistent with earlier
experiments showing that Cyclin D1 expression inhibited UV-induced apoptosis in human
trophoblastic cells (40). A positive correlation between Cyclin D1expression and tumor
radioresistance has been proposed earlier (41). Cyclin-D1 has been implicated in
radioresistance that can be inhibited by short interfering RNA (42). In line with these
findings, U0126 pre-treatment, reduced Cyclin D1 enhancing decrease in clonogenic
survival. U0126-mediated decrease of c-Myc is consistent with the role of ERKs and DNA-
PKcs in mediating c-Myc stabilization and expression (26,43). Inhibition of DNA-PKcs
suppressed tumor cells growth and enhanced cervical cancer cells sensitivity to
chemotherapeutic agents (44). Consistently, in rhabdomyosarcoma the synergistic effect of
MEK/ERK inhibitor on radiation results from the targeting of DNA-PKcs and Cyclin D1
compromising DNA-repair and growth mechanisms respectively, thus preventing oncogenic
phenotype expression .

Growth of tumors masses from TE671 that, in in vitro system, are more radioresistant than
other ERMS cell lines, were inhibited by U0126 by 47% after U0126 alone whereas the
radiation itself by 13% at the end points. Combined RT and MEK inhibition reduced tumor
mass of 75%. Consistently, data analysis on tumor time progression provided the evidence
of a synergistic effect of the MEK inhibitor when combined with radiotherapy. Immuno-
biochemical evaluation of tumors demonstrated concordant findings to the in vitro analysis.
Phospho-ERK was inhibited by U0126 either alone or in combination with RT. The DNA-
PKcs and c-Myc levels were decreased after U0126 but not by RT. Cyclin-D1 was reduced
by U0126 or RT and further inhibited by combined therapy. The role of Cyclin-D1 in

Marampon et al. Page 7

Mol Cancer Ther. Author manuscript; available in PMC 2012 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



radioprotection or radiosensitivity is still an open question although it has been reported that
the sensitivity of the Cyclin D1–overexpressing MCF7 human breast cancer cell line to
ionizing radiation was higher than that of cells that did not over-express Cyclin-D1 (45). In
our system, Cyclin-D1 decrement by both U0126 and radiation in vitro and in vivo system
might be indicative of the success of combined therapy in rhabdomyosarcoma.

This manuscript shows for the first time that more successfully radiotherapy in embryonal
rhabdomyosarcoma tumors can be achieved when combination with signal transduction-
based chemotherapy is applied.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Clonogenic assay of embryonal rhabdomyosarcoma cell lines, RD, RD-M1 and TE671 at
different Gy doses. A) picture of cristal violet stained cultures 15 days after irradiation at
indicated doses (1, 2, 4 Gy); B) dose-dependent colonies formation, each point of the three
curve is the average ± SEM of three samples. Similar results were obtained in three
experiments.
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Figure 2.
Clonogenic assay of the three embryonal cell lines with (+) or without (-) U0126 and 4 Gy
irradiation treatments. A) picture of crystal violet stained cultures 15 days after treatments,
U0126 and 4 Gy irradiation or in combination.
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Figure 3.
Expression of protein kinases (ERK1/2-P04, DNA-PKcs, GSK3-beta-PO4), c-Myc and
Cyclin-D1 in untreated (C), irradiated (RT), U0126-treated (U0126) and U0126-pretreated
and irradiated (RT+U) RD cells (A) and TE671 (B). GAPDH was blotted as loading control.
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Figure 4.
(A) Growth curve of tumors volumes from xenografted TE671 cell lines, untreated ( ),
U0126-treated ( ), irradiated (RT ▼-▼), U0126-pretreated and irradiated (RT+U Δ-
Δ). Tumor volumes were evaluated as describes in methods and represent the mean ±.SEM
of 8 mice. The upper panel shows the sequential treatments of xenografted mice started
when tumor reached a volume of approximate 0,5 cm3. U0126 was administered 1 day
before each irradiation. (B) Tumor weights in mice untreated or treated with U0126,
radiotherapy or combined treatment.
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Figure 5.
(A) U0126 with RT combined treatment affects time to progression in vivo xenografted
tumors. (B) Box plot diagram comparing median time (days) of tumor progression (TTP)
among treatment groups. Box represents interquartile range (IQR), bar median value and
whiskers represent data points within IQR.

Marampon et al. Page 15

Mol Cancer Ther. Author manuscript; available in PMC 2012 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 6.
Expression of protein Kinases (ERK1/2 and DNA-PKcs), cMyc and Cyclin-D1 in tumors
untreated (C1,C2), U0126-tretaed (U1, U2), irradiated (RT1, RT2) and U0126-pretreated
and irradiated (U+RT1, U+RT2). At the end point mice were sacrificed, tumor excised and
extracted as described in methods. GAPDH was blotted as loading control.
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Table 1

Surviving fraction after treatments

Cell Line Plating efficiency (PE) RT Surviving fraction (SF) U0126 Surviving fraction
(SF)

U0126 + RT Surviving fraction
(SF)

RD 0.8 0.67 0.17 0.08

RD-M1 0.67 0.42 0.3 0.14

TE671 0.84 0.83 0.24 0.11
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