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Abstract
We reported previously that the disruption of c-Myc
through mitogen-activated protein kinase kinase (MEK)/
extracellular signal-regulated kinase (ERK) inhibition blocks
the expression of the transformed phenotype in the
embryonal rhabdomyosarcoma (ERMS) cell line (RD),
thereby inducing myogenic differentiation in vitro. In this
article, we investigate whether MEK/ERK inhibition, by the
MEK/ERK inhibitor U0126, affects c-Myc protein level and
growth of RMS tumor in an in vivo xenograft model.
U0126 significantly reduced RMS tumor growth in RD
cell line-xenotransplanted mice. Immunobiochemical and
immunohistochemical analysis showed (a) phospho-active
ERK levels were reduced by U0126 therapy and unaltered
in normal tissues, (b) phospho-Myc and c-Myc was reduced commensurate with phospho-ERK inhibition, and (c)
reduction in Ki-67 and endothelial (CD31) marker expression. These results indicate that MEK/ERK inhibition
affects growth and angiogenic signals in tumor. The RDM1 cultured xenograft tumor-derived cell line and the
ERMS cell line TE671 responded to U0126 by arresting
growth, down-regulating c-Myc, and initiating myogenesis. All these results suggest a tight correlation of MEK/
ERK inhibition with c-Myc down-regulation and arrest of
tumor growth. Thus, MEK inhibitors may be investigated
for a signal transduction-based targeting of the c-Myc as a
therapeutic strategy in ERMS. [Mol Cancer Ther 2009;
8(3):543 – 51]
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Introduction
Malignant tumors of skeletal muscle rhabdomyosarcomas
(RMS) are the most common soft-tissue sarcoma in
childhood. RMS is thought to derive from cells along the
skeletal muscle cell axis (1). The embryonal RMS (ERMS)
and the alveolar subtypes (ARMS; refs. 2, 3) harbor mutation
of the p53, N-Ras, or K-Ras genes and deregulation of
imprinted genes in chromosome region 11p15.5 (2, 4 – 8).
The Ras/Raf/mitogen-activated protein kinase kinase
(MEK)/extracellular signal-regulated kinase (ERK) cascade
regulates proliferation, differentiation, survival, motility,
and tissue formation (9 – 12). Ras mutation activating MEKs
and ERKs occurs in a relatively large number of human
tumors (13– 15). Raf or Ras mutations predict sensitivity
to MEK inhibitors and the pharmacologic MEK inhibition
counteracts growth of Raf or Ras mutant xenografts (16)
and are currently being investigated as anticancer drugs
in combined therapies (14). U0126, the MEK/ERK inhibitor,
prevents activation of MEK1/2 and blocks activated MEK1/
2 (17). c-Myc is targeted by ERKs that induce c-Myc stability, whereas GSK-3h induces c-Myc degradation (18, 19).
This regulation of c-Myc suggests that constitutive Ras activation could be responsible of chronic MEK/ERK activation
and phosphatidyinositol 3-kinase/AKT-mediated GSK-3h
inactivation leading to c-Myc aberrant accumulation (20).
c-Myc, N-Myc, and MYCL1 play a role in human cancer
(21). c-Myc transformation is dependent on dimerization
with the HLH-LZ protein Max; Myc/Max heterodimer
drives Myc to E-boxes of oncogenic target genes (22). In
conditional transgenic models on Myc inactivation, tumors
can regress (23, 24). Several strategies have been designed to
disrupt c-Myc (25). No clear data are yet available on amplification of specific Myc member in ERMS; by contrast,
N-Myc amplification has been detected in alveolar RMS (26).
We showed previously in ERMS (RD) in vitro that the RD
phenotype could be reversed in vitro by disrupting c-Myc
through MEK/ERK inhibition (27).
We therefore investigated whether MEK/ERK inhibition,
by the MEK/ERK inhibitor U0126, affects growth of RMS
tumor and c-Myc protein level in an in vivo model of
xenograft. Herein, U0126 treatment of RMS-xenografted nude
mice reduced tumor growth and phospho-ERK and c-Myc
expression. This responsiveness to U0126 occurred in another
ERMS cell line, TE671, and in a more tumorigenic xenografted-derived cell line (RD-M1) in vitro, thereby corroborating the idea that MEK inhibition may offer a new means of
developing novel anticancer strategies versus ERMS types.

Materials and Methods
Cell Cultures and Treatments
The human ERMS (American Type Culture Collection)
RD cell lines and TE671 (HTL97021; Interlab Cell Line
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Collection) were cultured in DMEM supplemented with
glutamine, pyruvate, gentamycin (Life Technologies), and
10% heat-inactivated fetal bovine serum (JRH Biosciences).
Treatment with 10 Amol/L kinase inhibitor U0126 (1,4diamino-2,3-dicyano-1,4-bis[2-aminophenylthio]butadiene;
Promega) was done for the times shown in the figures
and started 1 day after plating. Primary human SkMC cells
(PromoCell) were cultured according to the manufacturer’s
instructions in growth medium for 4 days. The neuroblastoma cell line (SH-Sy5y) was grown as described (28).
Xenograft and U0126 Treatment
To determine the most suitable concentration of RD cells
to develop tumors as a xenograft model, exponentially
growing RD cells were detached by trypsin-EDTA, washed
twice in PBS, and resuspended in saline solution at two cell
densities (1  106 and 1  107 per 200 AL). Xenotransplants
were done in 45-day-old female athymic nude mice (CD1;
Charles River) by s.c. injection in the intrascapular area
using a 21-gauge syringe. Mice were kept under sterile
conditions, receiving sterile nutrition and water. All the
procedures involving animals and their care were conducted in conformity with the institutional guidelines.
Tumor size was measured by caliper according to the
following formula: volume = (width)2  length / 2. An
endpoint of 2.0 to 2.5 cm3 was adopted for tumor size.
U0126 treatment was done in mice xenotransplanted with
1  107 cells and started when tumors reached a volume of
0.2 to 0.3 cm3. U0126 solution was prepared in DMSO as a
stock solution of 10 Amol/L, and the amount of drug to be
injected into a set of mice was diluted with carrier solution
(40% DMSO in physiologic solution). Two hundred microliters containing either 25 or 50 Amol/kg was injected i.p.
into each mouse. Control xenotransplants were treated
with 200 AL/mouse carrier solution.
Statistical Analysis
Student’s t test was used for the comparison of groups;
data were considered significant when P < 0.05.
Derivation of RD-M1 Cell Line from Xenografted
Tumor, Growth Curve, and Fluorescence-Activated Cell
Sorting Analysis
Tumor from untreated mouse was excised and washed in
complete medium and physiologic solution, minced with
scissors, collected, and resuspended in trypsin-EDTA.
Trypsin treatment was repeated three times to dissociate
the cells from the tumor mass. The cells obtained were plated
and grown until confluence in complete medium as
described above for the RD cell line. Three subsequent
passages were sufficient to remove contaminating cells from
vessels and connective tissue. The purified cell line, RD-M1,
was grown in culture and treated as described above for the
RD cell line. The growth curve was obtained by growing
cells in complete medium in the presence and in the absence
of 10 Amol/L U0126 for different time intervals. Cells were
harvested, washed, resuspended in PBS and counted in a
hemocytometer chamber. Fluorescence-activated cell sorting
(FACS) analysis was done as described in our previous
article (29). RD-M1 cells line were also used in a xenograft
experiment following the aforementioned protocol.

Immunoblot Analysis
Western blotting was conducted as described previously
(30, 31). Briefly, cells from cultures were lysed in 2% SDS
containing phosphatase and protease inhibitors (Roche)
sonicated for 30 s. Proteins of whole-cell lysates were
assessed using the Lowry method (32), and equal amounts
were separated on SDS-PAGE. Both tumors and normal
tissues 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. SDS-PAGE 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
(33, 34) with the following antibodies: anti-c-Myc (N-262),
anti-c-Myc clone 9E10, anti-N-Myc (C-19), anti-phospho-cMyc (Thr58/Ser62), anti-phospho-ERK1/2 (E-4), anti-ERK2
(C-14), anti-cyclin E (H-12), anti-cyclin A (H-432), anti-cyclin
B1 (H-433), CDK2 (M-2), and a-tubulin (B-7; all from Santa
Cruz Biotechnology) and anti-myosin heavy chain (MHC;
MF20; gift from D. Fichman). The anti-c-Myc clone 9E10,
known not to recognize viral Myc, was used to exclude the
expression of v-Myc due to retroviral genomic sequence
insertion (Supplementary Fig. S1).4 Peroxidase-conjugate
anti-mouse or anti-rabbit IgG (Amersham GE Healthcare or
Santa Cruz Biotechnology) was used for enhanced chemiluminescence detection. Densitometry was done by measuring
the pixel density of bands and each value was normalized for
a-tubulin; control untreated samples were arbitrarily set at 1.
Histochemistry and Immunofluorescence of Cryosections
Cryosections (10 Am), fixed in PBS 4% paraformaldehyde,
and washed before nonspecific binding sites were blocked
with 5% bovine serum albumin or goat anti-serum in PBS for
1 h at room temperature. Slides were then incubated overnight
at 4jC with the appropriate antibody dilution. After rinsing
with PBS, the slides were incubated with 1:1,000 of Cy3 antimouse IgG (The Jackson Laboratory) for phospho-ERK, Ki-67
(MIB-1; DakoCytomation), and CD31 (WM-59; Sigma) or Cy3
anti-rabbit IgG for total ERK (The Jackson Laboratory) in the
presence of Hoechst, washed, and mounted with Vectashield
(Vector Laboratories). Immunofluorescence was visualized
using AxioPlan2 40 (Zeiss), and for CD31, 20 objectives
with digital images were collected with a Leica DFC350FX
camera interfaced with a IM500 Leica software.
After immunofluorescence, the inhibition of nuclear phospho-ERK, c-Myc, and Ki-67 induced by U0126 was estimated
by comparing the percentage of positive nuclei (violet in
merged images) of U0126-treated tumors versus the percentage of positive nuclei of untreated tumors. Six to eight different
cryosections were analyzed from control and treated tumors.

4
Supplementary material for this article is available at Molecular Cancer
Therapeutics Online (http://mct.aacrjournals.org/).
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Colony-Forming Assays in Semisolid Agar
Cells were resuspended in 4 mL of 0.33% special Noble
agar (Difco) and plated (6 cm plate) in growth medium
containing 0.5% soft agar (35). Colonies were photographed
14 days after plating.

Results
c-Myc Rather Than N-Myc Protein and PhosphoERKs Are Up-Regulated in the RD Cell Line
The Ras/MEK/ERK pathway and c-Myc can cooperate
in control of normal and aberrant growth (20), and the
Ras/MEK/ERK may increase c-Myc abundance (18).
We first analyzed the c-Myc and N-Myc expression in
RD cell line. To assess by immunoblotting the Myc protein predominantly expressed in RD cell line, we also used
SH-Sy5y cell line, known to preferentially overexpress
N-Myc, and human skeletal muscle as a control. c-Myc
was detectable in the RD at high levels, whereas N-Myc
is slightly detectable. In contrast, N-Myc is the predominant Myc protein in the neuroblastoma cell line SH-Sy5y
(Neu), whereas c-Myc is hardly detectable (Fig. 1A).
Phospho-ERKs were expressed at a high level in the RD
cells and undetectable in SH-Sy5y cells. The c-Myc protein level was severalfold (six times) higher in RD cells
compared with human skeletal muscle (Fig. 1B). The
concomitant high level of c-Myc and phospho-ERKs
suggests that deregulated Ras/MEK/ERK pathway may
induce c-Myc in RD cells.
Establishment of RD Xenograft Model in Nude Mice
Xenotransplants were done by s.c. injection in the
intrascapular area with either 1.0  106 or 1.0  107 cells
per mouse. Tumor growth was quantified by caliper
measurement. Both dilutions induced tumors detectable
from the 11th week post-injection (Fig. 2A). For subsequent studies, the higher cell density (1  107cells per
mouse) was adopted as it induced larger tumors and a

Figure 1.

Immunoblotting analysis of N-Myc, c-Myc, and phospho-ERK
expression in RMS, neuroblastoma cell lines, and muscle-derived cells. A,
total cell lysates from RMS (RD) and neuroblastoma-derived cell lines SHSy5y (Neu) were analyzed using antibodies specific for N-Myc or c-Myc,
phospho-ERK or total ERK, and a-tubulin as loading control. B, c-Myc
levels in RD and normal human muscle cells (Sk-M, skeletal muscle). This
analysis was done in three different experiments.

Figure 2.

Growth potential of RD cells xenografted in nude mice. A,
growth curves of tumors from 1  106 and 1  107 RD cells s.c.
inoculated. Tumor size was assessed weekly. B, percentage of xenotransplanted mice that develop tumor mass (tumor uptake). C, immunoblot of total lysates from cultured RD cell line (RD) and 8 among 10
xenografted tumors (1  107 injected cells; 1-8) using antibodies targeting
c-Myc, phospho-ERKs, and ERKs. a-Tubulin was used as loading control.

higher (100%) tumor uptake from the 13th week postinjection than the lower (1  106 cells per mouse) cell
density (Fig. 2A and B).
We investigated c-Myc and phospho-ERK expression
levels in the RD xenograft tumor. Results showed that
c-Myc and phospho-ERK in the RD xenograft tumors were
highly expressed as seen in the in vitro cultured RD
cells (Fig. 2C).
Effect of U0126 Therapy in RD Xenograft Model
We studied the effects of U0126 in a RD xenograft tumor
model in nude mice. Thirty mice were s.c. injected with RD
cells (1  107 per mouse); after tumors reached a volume of
f0.3 cm3, animals were divided in three groups of 10 mice
each. We used 25 and 50 Amol/kg U0126, in accordance
with other recent studies (36, 37), administered to the
animals through i.p. injections. Animals were injected
weekly with either doses of U0126, diluted in 200 AL
carrier solution (see Materials and Methods), whereas
control animals were injected with 200 AL carrier solution.
Treatments were administered for 5 weeks. Tumor sizes
were measured weekly throughout the treatment period.
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Results obtained with 25 Amol/kg showed that the rate
of tumor growth was markedly reduced by U0126 treatment, a 48% reduction in tumor growth being observed at
the end of treatment (P < 0.05; Fig. 3A). Moreover, in
adopted experimental conditions, no substantial differences
in reduction of tumor growth were observed between
the two dosages tested (25 and 50 Amol/kg; Supplementary
Fig. S2).4
To detect total ERK and c-Myc levels and their
phosphorylation status in tumors, biochemical analyses
were done after 4 and 5 weeks of U0126 treatment. Tumors
from U0126-treated and control mice (carrier solution) were
excised 24 h post-injection, homogenized, and analyzed by
immunoblotting. U0126 treatment reduced ERKs phosphorylation (f60%) and reduced total and phospho-c-Myc
(f80% and f70%) compared with tumors from carriertreated mice (Fig. 3B). Thus, xenografted human RDderived tumors are sensitive to U0126 after 4 or 5 weeks
of treatment (Fig. 3C).
To exclude a generalized effect of the drug, phospho-ERK
status was assessed in normal tissues (liver, lung, and
brain) from the same animals analyzed in the experiment
of Fig. 3B. In normal tissues, neither phospho-ERKs nor

total ERKs were inhibited by U0126 (Fig. 3D). The dosages of U0126 tested (25 and 50 Amol/kg) did not produce toxic effects during the 5-week treatment period, with
100% survival.
Immunohistochemical Characteristics of Vehicleand U0126-Treated Tumors
Results of immunohistochemical examination of tumors
in cryosections show that U0126 reduced both nuclear
phospho-ERK and c-Myc staining by f38% and f60%,
respectively (Fig. 4A; Supplementary Fig. S3).4 Total
phospho-ERK immunofluorescence was reduced in
U0126-treated tumors as well (Fig. 4A). There was no
difference in the total ERK staining between tumors from
treated and control mice (Supplementary Fig. S3).4 In
carrier-treated mice, tumors displayed numerous grouped
cells with a high nuclear c-Myc positivity, whereas c-Myc
positivity was lower and ungrouped in tumors from
U0126-treated mice (Fig. 4A).
The marked reduction in the staining of Ki-67 (f74% inhibition; Supplementary Fig. S3)4 suggests that U0126 treatment inhibited cellular growth. To analyze whether U0126
treatment affects tumor microvessel density, we performed
CD31 immunostaining. Results showed that tumors from

Figure 3.

Tumor growth and molecular changes in untreated and U0126-treated mice. A, growth curves of xenografted RD cells. U0126 was i.p.
), whereas untreated mice were inoculated with carrier solution (
). Mean F SD of tumor size of mice per group.
inoculated at 25 Amol/kg/mouse (
*, P < 0.05 versus control. B, effects of U0126 in tumors 24 h post-injection in the 4th week of treatment. Left, immunoblot analysis of phospho-ERKs,
total ERK, c-Myc, phospho-c-Myc, and a-tubulin as loading control in tumors from treated (+) and untreated ( ) mice; right, quantification of each sample
of the Western blots as a fold increase of the indicated proteins in the U0126-treated mice (1-3 ) over the untreated mice (C) arbitrarily set at 1 (each sample
was quantified as phosphorylated/unphosphorylated protein/tubulin). C, effects of U0126 in tumors 24 h post-injection in 5th week of treatment. Left,
immunoblot analysis of phospho-ERKs, total ERK, c-Myc, phospho-c-Myc, and a-tubulin as a loading control in tumors from treated (+) and untreated ( )
mice; right, histograms obtained as in B. D, immunoblot analyses of phospho-ERKs and ERKs in normal tissue from the same treated (+) and untreated ( )
mice as in B (4th week). Representative immunoblot analyses. Fold increase over the control, arbitrarily set at 1, obtained by densitometric analysis. B to
D, two representative control mice (C).
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Figure 4.

Morphologic analysis of
the effects of U0126 treatment on
phospho-ERK, c-Myc, Ki-67, and
CD31 expression in tumors. A, immunofluorescence staining of phospho-ERKs, c-Myc, and Ki-67 (Ab) of
cryosections. In merged images (Ab
+ Hoechst), blue nuclei are negative,
whereas violet nuclei are positive for
each antigen. B, immunofluorescence
staining of CD31 shows microvessel
density. Magnification, 400 (A) and
200 (B).

control mice yielded various highly fluorescent vascular
areas, whereas tumors from treated mice were both smaller
and less fluorescent (Fig. 4B).
Xenograft RD-Derived Cell Line (RD-M1) Maintains
Responsiveness to U0126
We derived a more aggressive cell line after a passage in
nude mice. To this end, the tumor from untreated RDxenotransplanted mice was removed and the new cell line
(RD-M1) isolated as described (Materials and Methods).
The aggressiveness of RD-M1 was then tested in in vivo
experiments. RD-M1 cells (1  107 per mouse) were
xenotransplanted in nude mice and tumor growth was
analyzed. The results showed that RD-M1 cells are more
tumorigenic than parental RD cell lines as indicated by
the earlier appearance of the tumor (4 versus 11 weeks;
Fig. 5A). This finding suggests that RD-M1 cells acquired
an aggressive potential greater than RD parental cells,
although the tumor doubling time remained substantially
unchanged (Fig. 5A). The ability of U0126 to block RD-M1
anchorage-independent growth was also investigated in
soft agar assay. Although U0126 completely abrogated
colony formation (Fig. 5A), numerous large colonies grew
in vehicle-treated dishes. We thus decided to test the
responsiveness of RD-M1 cells to U0126 by treating cells

and studying the antigrowth biological effects of U0126 in
a time course experiment and by FACS analysis. Results
showed that U0126 dramatically inhibited the proliferation
rate of RD-M1 (Fig. 5B). FACS analysis showed the
antigrowth effect of U0126 in RD-M1, being 90% of cells
arrested in the G1 phase after 1 day of treatment (Fig. 5B).
The growth-inhibitory effect of U0126 was also shown by
the inhibition of CDK2 and cyclins D1, E1, and E2 (Fig. 5C).
Figure 5C also shows that treatment with 10 Amol/L U0126
effectively reduced ERK and c-Myc phosphorylation, with
a concomitant c-Myc level reduction as early as 6 h after
treatment. As observed in the parental RD cell line (38),
U0126 treatment also induced sarcomeric MHC expression
in RD-M1 cells (Fig. 5C), a feature of skeletal muscle
and RMS cells tending toward myogenic differentiation.
Our results thus suggest that responsiveness to U0126
persisted in the more tumorigenic xenografted-derived
RD-M1 cell line, suggesting that MEK inhibition may offer
a new means of developing novel anticancer strategies for
ERMS types.
Responsiveness of TE671ERMS Cell Line to U0126
We used the cell line TE671 (39, 40) to explore whether
the antigrowth and differentiative responses to MEK/ERK
inhibition are common properties of ERMS cell lines. We

Mol Cancer Ther 2009;8(3). March 2009

Downloaded from mct.aacrjournals.org on October 22, 2019. © 2009 American Association for Cancer
Research.

547

Published OnlineFirst March 3, 2009; DOI: 10.1158/1535-7163.MCT-08-0570

548 U0126 Reduces Rhabdomyosarcoma Tumor Growth

Figure 5. In vivo and in vitro
growth potential of RD-M1 line derived from xenograft. A, schematic
representation (left ) of tumor growth
delay in weeks of xenografted RD-M1
(
) and RD cell line (
).
Values of RD curve are derived from
Fig. 2. Soft agar assay of RD-M1
(right ) in the absence (control) and
presence of U0126. B, growth curve
of cultured RD-M1 (left ) in the pres) and absence (
) of
ence (
10 Amol/L U0126; FACS analysis
(right ) of untreated and 1-d treated
RD-M1. Mean F SE of triplicates of a
representative experiment. C, immunoblot analyses of c-Myc, phospho-cMyc, phospho-ERKs and total ERK,
CDK2, cyclins D1, E1, and E2, and
sarcomeric MHC after 6 h (left )
and 4 d (right ); a-tubulin as loading
control. Immunoblot of MHC is not
present (left ) because sarcomeric myosin is not induced at very early
treatment.

first assessed the dependence of both c-Myc phosphorylation and protein expression on ERK activity by treating
TE671 with 10 Amol/L U0126. Phospho-active ERKs were
strongly and persistently inhibited with a rapid (3 h)
decrease in phospho-Myc and c-Myc protein levels. The
decreases in phospho-Myc and c-Myc protein levels persist for 1 day of treatment (Fig. 6A), although they are
detectable even after prolonged treatments (Supplementary
Fig. S4).4
The antigrowth effect of U0126 was shown by a rapid and
drastic arrest in G1 of TE671 treated for 16 h (overnight) and
1 day as shown by FACS analysis in Fig. 6B. Anchorageindependent growth was also dramatically decreased by
U0126 as shown by lack of growth in soft agar (Fig. 6C).
Cell cycle arrest, induced by U0126, was corroborated by
increased WAF1/p21 levels as well as by decreased cyclin

D1 accumulation (Fig. 6D). As reported previously in RD
cells (27), chronic U0126 treatment induced early (overnight) myogenin up-regulation and subsequent (1-3 days)
MHC accumulation in TE671 (Fig. 6D). These results
suggest that responsiveness to U0126 is a feature of the
ERMS cell line.

Discussion
MEK/ERK pathway and c-Myc overexpression has not
yet been studied in ERMS tumors. In a recent study,
we showed the pivotal role of c-Myc in sustaining the
transformed phenotype of an ERMS cell line (RD; ref. 27).
Based on these data, we decided to investigate the effect
of MEK/ERK targeting and c-Myc level on an in vivo RD
tumor model.
Mol Cancer Ther 2009;8(3). March 2009
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c-Myc protein was expressed at a level higher than NMyc protein in RD cells. The RD cell line was xenotransplanted using the highest cellular concentration (1  107
cells per mouse) to achieve maximum tumor uptake (100%)
and large tumors to reproduce the unfavorable conditions
required to effectively test an antitumor drug.
Our results show that the growth of xenotransplanted
tumors is significantly reduced (48%) by U0126 treatment
correlating with inhibition of phospho/active-ERK, phospho-c-Myc, and total c-Myc levels. Thus, c-Myc accumulation is via MEK/ERK.
The concomitance of phospho-ERK and c-Myc downregulation together with a reduced tumor growth under
U0126 action suggest two possible scenario: (a) MEK/
ERK inhibition or c-Myc reduction play distinct roles in
arresting growth of ERMS tumor and (b) a MEK/ERK/Myc
axis is disrupted impairing growth of ERMS tumor.
The fact that tumor xenografts are highly responsive
to U0126, whereas normal murine tissues such as lung,
liver, and brain are not further suggests that ERK inhibition in nontumor cells does not persist for a long time as
we have observed previously in normal cell lines in vitro
(27). The unresponsive nature of normal tissues to the
MEK inhibitor would thus lend itself to combined therapies, including this drug, as there would not be undesired side effects. Indeed, a major finding in this study
is that U0126 significantly reduced tumor growth without

causing intolerable toxicity as shown by 100% survival of
treated mice.
Furthermore, the MEK inhibitor reduced phospho-ERK,
phospho-c-Myc, and total c-Myc levels as effectively after
4 weeks of treatment as after 5 weeks, which points to
the drug’s effectiveness for the entire therapeutic time
window. Moreover, the immunohistochemical analysis
showed that whereas cells in untreated tumors were highly
positive to phospho-ERK and c-Myc, particularly at a
nuclear level, the number of positive cells in U0126-treated
tumors was drastically reduced to an extent comparable
with that observed in biochemical analyses. That U0126
effectively affects tumor growth is further supported by the
drastic reduction in nuclear immunostaining for Ki-67, a
typical proliferation marker that is considered to be an even
more accurate indicator of MEK inhibitor-mediated
decreases in melanoma tumor growth than phospho-ERK
levels (41).
Herein, U0126 reduced the expression of endothelial
markers such as CD31. As U0126 inhibited both ERK and
c-Myc, it is not yet possible to ascribe the reduced
angiogenesis to inhibition of either c-Myc or ERK pathways
or both. Both c-Myc and Ras/MEK/ERK pathways have
been implicated in angiogenic processes in tumors (42 – 44).
We provide evidence that the more tumorigenic xenograft RD-M1 cell line effectively responds to the antigrowth
and differentiative action of U0126 by down-regulating

Figure 6.

Effects of U0126 treatment in TE671 ERMS cell line. A,
immunoblot analyses of phosphoERK, total ERK, phospho-c-Myc, and
c-Myc; a-tubulin as loading control.
B, FACS analysis of untreated (C)
overnight (16 h) and 1-d U0126treated TE671. Mean F SE of triplicates of a representative experiment.
C, soft agar assay of TE671 in the
absence (C) and presence of U0126.
D, immunoblot analysis of WAF1/
p21, cyclin D1, myogenin, and atubulin as loading control in untreated
( ), overnight, 1- and 3-d U0126treated cells (+). Immunoblot of MHC
was done at 1 and 3 d in a different
filter. Immunoblots are representative
of three independent experiments;
soft agar assay and FACS analysis
are representative of two independent
experiments.

Mol Cancer Ther 2009;8(3). March 2009

Downloaded from mct.aacrjournals.org on October 22, 2019. © 2009 American Association for Cancer
Research.

549

Published OnlineFirst March 3, 2009; DOI: 10.1158/1535-7163.MCT-08-0570

550 U0126 Reduces Rhabdomyosarcoma Tumor Growth

both c-Myc and phospho-Myc and reducing cyclins E2
and D1. Lastly, another ERMS line, TE671, recovers growth
arrest and anchorage-dependent growth under U0126 treatment, which in turn down-regulates phospho-ERK and
phospho-Myc and c-Myc protein expression. The fact that
U0126-mediated growth arrest in TE671 is rapidly followed
by WAF1/p21 up-regulation, cyclin D1 down-regulation,
and myogenic-specific marker accumulation (myogenin and
MHC) further suggests that the MEK/ERK pathway and
c-Myc accumulation are closely involved in maintaining
malignant ERMS phenotype; indeed, their concomitant
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