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MEK Inhibitor PD0325901 Significantly Reduces the Growth of
Papillary Thyroid Carcinoma Cells In vitro and In vivo
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Abstract
Papillary thyroid carcinomas (PTC) are the most common type of thyroid malignancy. Most PTC carry
one of the two mutations, RET/PTC rearrangement or BRAF mutation. Both mutations are able to activate
the mitogen-activated protein kinase kinase/extracellular signal-regulated kinase (MEK/ERK) signaling
transduction pathway leading to cellular proliferation, differentiation, and apoptosis. PD0325901 is a specific
MEK1/2 inhibitor and therefore is a promising drug to treat thyroid cancers with either RET/PTC or BRAF
mutation. In this study we tested the effects of PD0325901 on PTC cells harboring either mutation in vitro
by growth curves and Western blots and in vivo using a murine orthotopic xenograft model. We found
that 50% growth inhibition (GI50) by PD0325901 was 11 nmol/L for the PTC cells with the RET/PTC1
rearrangement and 6.3 nmol/L for PTC cells with a BRAF mutation, with both concentrations readily achievable in serum. After 1 week of oral administration of PD0325901 (20–25 mg/kg/day) in mice, no tumor
growth was detected in mice inoculated with PTC cells bearing a BRAF mutation. For PTC with the
RET/PTC1 rearrangement, the average tumor volume of the orthotopic tumor was reduced by 58% as
compared with controls. In conclusion, our data suggested that PTC cells carrying a BRAF mutation were
more sensitive to PD0325901 than were PTC cells carrying the RET/PTC1 rearrangement. Our findings
support the clinical evaluation of PD0325901 for patients with PTC and potentially other carcinomas with
BRAF mutations. Mol Cancer Ther; 9(7); 1968–76. ©2010 AACR.

Introduction
Papillary thyroid carcinoma (PTC) is the most common
type of malignancy in the thyroid (1). Most PTC carry
one of two mutations, a BRAF mutation and RET/PTC
rearrangement. The most common BRAF mutation is a
T to A substitution at nucleotide 1799 in exon 15 that
results in the conversion of a valine to glutamic acid at
codon 600 (V600E) of the BRAF protein (2, 3). The negative charge introduced by glutamic acid mimics the effect
of phosphorylation at an adjacent site when BRAF is
activated and results in constitutive activation of BRAF.
The incidence of BRAF mutations ranges from 29% to
83% depending on the cohort studied (4). RET/PTC rearrangements are unique to thyroid cancer, with 11 different RET/PTC rearrangements reported thus far (5–8).
RET/PTC1, RET/PTC2, and RET/PTC3 rearrangements
are the most studied in PTC. These rearrangements result
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from the generation of chimeric oncogenes in which the
3′ end of the kinase domain from the RET kinase fuses
with the H4 gene as RET/PTC1 (6), regulatory subunit
RIα of cyclic AMP-dependent protein kinase A as RET/
PTC2 (5), or the RFG gene (or ELE1 gene) as RET/PTC3
(9). These chimeric oncogenes retain the kinase activity
of RET and result in the constitutive activation of RET.
The incidence of RET/PTC rearrangements in primary
PTC is lower than that of BRAF mutation depending
on the cohort studied (7, 10). Recent reviews of primary
PTC have indicated that the frequency of RET/PTC rearrangements in PTC is approximately 20% (11, 12). Either
BRAF mutation or RET/PTC rearrangement can activate
the mitogen-activated protein kinase kinase (MEK1/2 or
MAPKK) and downstream MAPK (ERK1/2) signaling
transduction pathway, resulting in the activation of a
variety of transcription factors that regulate cellular proliferation, differentiation, and apoptosis (2, 13, 14).
We and others have shown several inhibitors to inhibit
the MEK/ERK signal transduction pathway in PTC
(15–18). The multikinase inhibitor sorafenib (BAY 439006 or Nexavar, Bayer and Onyx Pharmaceuticals) was
more sensitive in PTC cells carrying the RET/PTC1 rearrangement than in PTC cells carrying a BRAF mutation,
with concentrations needed to inhibit 50% cell growth
(GI 50 ) of 0.14 μmol/L and 2.5 μmol/L, respectively.
In vivo, sorafenib seemed to be more effective in PTC cells
with RET/PTC1 rearrangement where 94% to 100% of
tumor growth was inhibited than in PTC cells carrying
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a BRAF mutation where 53% to 54% tumor reduction
was detected (18). PD98059, U0126, and CI-1040
(PD184352; Pfizer) are specific MEK1/2 inhibitors, and
these inhibitors can inhibit the expression of phosphoERK1/2 (p-ERK1/2) for various lengths of time in vitro
(15–17). CI-1040 reduced tumor growth by 31.3% in mice
inoculated with PTC cells carrying a BRAF mutation and
by 47.5% in mice inoculated with PTC cells bearing the
RET/PTC1 rearrangement (17). PD0325901 is a secondgeneration small-molecule inhibitor from Pfizer with
specific activity against MEK1/2 (19–22). Compared with
CI-1040, PD0325901 exhibits more potency and fewer
side effects. PD0325901 has been tested in other cancers,
including colon cancer, breast cancer, non–small cell lung
cancer (NSCLC), and melanoma, and was well tolerated
by patients in phase I-II trials (23, 24). In this study,
we tested the effects of PD0325901 in PTC cell lines
possessing either a BRAF mutation or RET/PTC1 rearrangement, both of which constitutively activate the
BRAF-MEK1/2-ERK1/2 pathway. We found that
PD0325901 was able to inhibit PTC cell growth both
in vitro and in vivo.

Materials and Methods
Cell lines
A PTC cell line carrying the RET/PTC1 rearrangement
(TPC-1) was kindly provided by Dr. Jerome Hershman
(VA Greater Los Angeles Healthcare System, Los
Angeles, CA; refs. 25–27). TPC-1 cells were maintained
in RPMI1640 medium (Mediatech, Inc.) containing 10%
fetal bovine serum (Hyclone), nonessential amino acid
mixture (Cambrex BioScience), 1 mmol/L sodium pyruvate (Cambrex BioScience), and 2 mmol/L L-glutamine
in a 37°C incubator supplied with 95% air and 5% CO2.
A PTC cell line with a BRAF mutation (K2, kindly
provided by Dr. D. Wynford-Thomas from Cardiff
University, Cardiff, United Kingdom) was maintained
in DMEM/F12 medium (Mediatech) containing 10% fetal
bovine serum and 2 mmol/L L-glutamine (28). Both
TPC-1 and K2 cells have been genotyped to ensure their
identity by the Fragment Analysis Facility at the Johns
Hopkins University Genetics Resource Core (29).
Reagents
PD0325901, provided by Pfizer (New York, NY), was
dissolved in DMSO as a 10-mmol/L stock solution
and stored at -20°C for the in vitro study. For the in vivo
experiments, PD0325901 was dissolved in 80 mmol/L
citric buffer (pH 7). Staurosporine was purchased from
EMD Chemicals.
Cell proliferation assay
PTC cells (1 × 10 4 ) were plated in 24-well plates
(Costar) with 1 mL of medium for 4 days in a 37°C incubator. MEK inhibitor at varying concentrations was
added to the cells in triplicate on day 0. MTT dissolved
in 0.8% NaCl solution at 5 mg/mL was added to each
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well (0.2 mL) on day 2 to test GI50 or every day for cell
growth curves. The cells were incubated at 37°C for
3 hours with MTT. The liquid was then aspirated from
the wells and discarded. Stained cells were dissolved in
0.5 mL of DMSO and their absorption at 570 nm was
measured using a Synergy HT multidetection microplate
reader (BioTek Instruments). For GI50, cell growth was
calculated as 100 × (T - T0)/(C - T0), where T is the optical
density of the wells treated with inhibitors after a 48-hour
period, T0 is the optical density at time zero, and C is the
control optical density with DMSO only. GI50 was determined using Prism 3.0 software (GraphPad Software).
Western blot analysis
Protein extracts from PTC cell lines were prepared and
analyzed as described previously (17). Tumor protein extracts were prepared by homogenizing tumor tissues
from mice in radioimmunoprecipitation assay buffer
[50 mmol/L Tris-HCl (pH 7.4), 150 mmol/L sodium chloride, 1% Tergitol-type NP40, 0.5% sodium deoxycholate,
0.1% sodium dodecyl sulfate, 1 × PhosSTOP, and
1 × complete protease inhibitor cocktail from Roche) by
a homogenizer (Pro200, Proscientific Inc.). Protein
concentration was determined by Dc protein assay (BioRad). The antibodies for p-ERK1/2, total ERK1/2, and
poly (ADP-ribose) polymerase (PARP; Cell Signaling
Technology) were used at a dilution of 1:1,000.
Cell death enzyme-linked immunosorbent assay
A cell death detection enzyme-linked immunosorbent
assay (ELISA plus) was obtained from Roche Applied
Science and was used per the manufacturer's instructions. Briefly, 4 × 104 cells were plated in 24-well plates
in triplicate the day before treatment. PTC cells were treated with 0.1 μmol/L PD0325901 for 96 hours. Cells treated with 1 μmol/L staurosporine served as positive
controls for apoptosis (30). At the end of treatment, cells
were lysed using the lysis buffer provided in the kit for
30 minutes at room temperature and then centrifuged
in 24-well plates. Lysates (20 μL of supernatant) were
transferred to streptavidin-coated wells and incubated
for 2 hours at room temperature with two antibodies
(biotin-labeled antihistone antibody and peroxidaseconjugated anti-DNA antibody). After the wells were
washed three times, the samples were incubated with
peroxidase substrate (ABTS) and the amount of colored
product was determined spectrophotometrically at
405 nm. The background was measured at 490 nm.
Tumor growth in athymic mice using an
orthotopic model
Establishment of the murine orthotopic thyroid carcinoma model was described previously (17, 31). Athymic
Ncr-nu/nu mice were obtained from the National Cancer
Institute at ages 6 to 8 weeks and housed for at least
1 week after arrival. All experimental procedures and
care for mice were in accordance with the Institutional
Animal Care and Use Committee and the Department
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of Veterinary Medicine of M.D. Anderson Cancer Center.
Mice (10–14 per group) were anesthetized s.c. with a
cocktail (100 μL/10 g body weight of 10 mg/mL ketamine and 1 mg/mL xylazine). K2 and TPC-1 cells stably
infected with a retrovirus expressing luciferase (5 × 105
cells in 5 μL RPMI1640 medium) were inoculated into
the thyroid gland, and the mice were monitored weekly
for tumor growth by Xenogen (IVIS 200 imaging system,
Caliper Life Sciences,) using Living Image 3.0 software.
One week after inoculation, PD0325901 was dissolved
in 80 mmol/L citric buffer (pH 7) by sonication and given
to mice daily by oral gavage (20–25 mg/kg) for 3 weeks
(5 consecutive days/week). Mice were sacrificed only
due to tumor burden or loss of 20% of body weight. Tumor sizes were measured with calipers and tumor volume (V) was calculated by the formula (V = length ×
width × depth). Control mice were given 80 mmol/L
citric buffer (pH 7) alone. All in vivo experiments were
done at least twice.
Statistical analysis
Statistical analysis was done using the HSD (honest
significant difference) posthoc test from multifactorial
ANOVA (STATISTICA data analysis software system version 7.1; StatSoft Inc.) for cell growth and cell cycle analysis. The unpaired Student's t test was used for analysis of
tumor volume. P ≤ 0.05 was considered significant.

Results
GI50 of PD0325901 in PTC cells
To assess the effects of PD0325901 on PTC cell
growth, the GI 50 was determined in PTC cell lines
(TPC-1 and K2). Cells were treated in vitro with serial
dilution of the PD0325901 ranging from 100 nmol/L
to 0.0064 nmol/L. After 2 days of incubation with varying concentrations of PD0325901, cell growth was determined by MTT. The GI50 was 11 nmol/L for TPC-1
cells and 6.3 nmol/L for K2 cells, as determined by
Prism software (Fig. 1A).
Inhibition of cell growth with PD0325901 treatment
After determining the GI50 of PD0325901 in PTC cells,
we treated PTC cells with PD0325901 at three different
concentrations (100, 10, or 1 nmol/L) for 4 days. After
4 days of treatment, results of the MTT assay indicated
that PD0325901 suppressed the cell growth by 80% (P <
0.0001), 75% (P < 0.0001), and 27% (P = 0.0015) in K2
cells, and by 58% (P < 0.0001), 40% (P = 0.0002), and
26% (P = 0.0001) in TPC-1 cells, respectively (Fig. 1B).
Both K2 and TPC-1 cells showed dose-dependent growth
inhibition with PD0325901. These data showed that
PD0325901 significantly inhibited the growth of PTC cells
harboring a BRAF mutation at very low concentration
(10 nmol/L) and only moderately reduced the growth
of the PTC cells carrying the RET/PTC1 rearrangement
at the same concentration.
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Decreased phosphorylation of ERK1/2 in PTC cells
following PD0325901 treatment
PD0325901 is a specific MEK1/2 inhibitor and the
downstream effectors of these kinases are ERK1/2. The
ability of PD0325901 to decrease the phosphorylation
of ERK1/2 (p-ERK1/2) was examined by Western blot
analysis. Following treatment with different concentrations of PD0325901 for 1 hour, the phosphorylation of
ERK1/2 was reduced at 1 nmol/L and was completely
abolished at 10 nmol/L in both K2 and TPC-1 cells
(Fig. 2A). At 100 nmol/L, the dephosphorylation of
ERK1/2 in K2 cells was detected as early as 1 hour, lasted
up to 48 hours, and did not approach levels of untreated
cells until 72 hours later (Fig. 2B). In TPC-1 cells,
p-ERK1/2 signal became detectable again as early as
8 hours after treatment with PD0325901 and did not
approach levels of untreated cells until 48 to 72 hours
later (Fig. 2B). Five other PTC cell lines developed in
our laboratory were also tested with 100 nmol/L
PD0325901. These cell lines also exhibited decreased
p-ERK1/2 levels after 1 hour of treatment (data not
shown). These data showed that PD0325901 could effectively suppress the phosphorylation of ERK1/2 in multiple PTC cell lines.
Apoptosis detected in PTC cells after PD0325901
treatment
To determine the mechanism of cell-growth inhibition
in PTC cells by PD0325901, we used Western blot analysis to evaluate the expression and cleavage of caspase 3
substrate PARP as an indicator of apoptosis. K2 cells
showed cleaved PARP after 48 hours of treatment with
PD0325901, and expression remained detectable for up
to 4 days (Fig. 2B). Cleaved PARP was also detected in
TPC-1 cells especially at 6 and 8 hours after treatment
(Fig. 2B). It was not clear from the Western blot analysis
if cleaved PARP was detected in other time points for
TPC-1 cells, because a trace amount of cleaved PARP
was present in untreated cells (0 h).
To confirm apoptosis in PTC cells, a cell death ELISAplus
assay was used to quantitatively measure DNA fragmentation during apoptosis. PTC cells were treated with
100 nmol/L PD0325901 for up to 4 days. DNA fragmentation was detected in 1 and 2 days of PD0325901 treatment
in K2 cells and in 1 day for TPC-1 cells (Fig. 2C).
Inhibition of tumor growth by PD0325901 in a
murine orthotopic xenograft model
The inhibitory effects of PD0325901 were evaluated
in vivo using a murine orthotopic xenograft model. PTC
cells expressing luciferase were inoculated in situ into the
right thyroid lobe of Ncr-nu/nu mice. A group of 10 mice
was randomly selected after Xenogen luciferase bioimaging and used for treatment with vehicle, and 14 to 16
mice were used for the PD0325901 treatment group.
One week after inoculation, PD0325901 was given to
these mice (see Materials and Methods) for 3 weeks at
20 to 25 mg/kg. Tumor growth was monitored weekly
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Figure 1. PD0325901 inhibits PTC cell growth in vitro. A, PTC cells (K2 and TPC-1) were treated with PD0325901 for 2 days at 0.0064, 0.032, 0.16, 0.8,
4, 20, or 100 nmol/L. The MTT assay was used to determine the number of cells at each concentration by measuring the absorption at 570 nmol/L.
The percent inhibition was calculated using Prism 3.0 software. The PD0325901 concentrations are shown in log scale (X scale). Each concentration
was determined in triplicate for each type of PTC cell. This experiment was repeated twice. B, PTC cells (K2 and TPC-1) were treated with PD0325901
for 4 days at 1, 10, or 100 nmol/L. The MTT assay was used to determine the number of cells at each concentration by measuring the absorption at
570 nmol/L each day. Each concentration was determined in triplicates for each type of PTC cell. This experiment was repeated once.

by Xenogen luciferase bioimaging. Tumor sizes were
measured and tumor volume was calculated if mice were
sacrificed due to loss of 20% initial body weight or tumor
burden. No tumors were detected by Xenogen in mice
inoculated with K2 cells after 1 week of PD0325901 treatment, whereas mice treated with vehicle still showed
intense luciferase expression (Fig. 3A). The treated mice
remained tumor free during the 3-week treatment period
(data not shown). At the end of 3 weeks, all mice inoculated with K2 and treated with vehicle were sacrificed
with average tumor volume of 1,078.7 ± 285.3 mm 3
(Fig. 3B). Tumor regression was apparent in 100% of mice
harboring K2 tumors and treated with PD0325901, and
therefore no mice in the treatment group died by 30 days
due to tumor burden, whereas nearly 100% of mice treated with vehicle died within the same period (Fig. 3C).
In mice inoculated with TPC-1 cells, the average tumor
volume after 3 weeks of PD0325901 treatment was reduced by 58.3% (from 699 to 291.3 mm3; P = 0.0004)
when compared with tumors from untreated (vehicle) mice
(699 ± 241.8 mm3). In addition, the survival of the mice
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inoculated with TPC-1 cells was increased significantly
compared with mice treated with vehicle (Fig. 3C).
Median survival was 16 to 18 days in vehicle-treated
animals and 30 to 33 days in PD0325901-treated mice
(P = 0.00124). Similar to CI-1040, the solubility of
PD0325901 remains an issue. The solubility of PD0325901
at pH 7 is only at 0.39 mg/mL. The poor solubility of
PD0325901 resulted in a high percentage of censored
deaths in mice inoculated with K2 cells (47–93%; Fig. 3C),
although necropsy of these mice showed that no tumor
was present in the thyroid. These data showed that
PD0325901 suppressed tumor growth completely in mice
inoculated with PTC cells carrying a BRAF mutation (K2)
and significantly decreased tumor growth in mice inoculated with PTC cells carrying the RET/PTC1 rearrangement (TPC-1).
To confirm the molecular mechanism underlying
PD0325901 suppression of tumor growth in vivo, mice
were inoculated with K2 or TPC-1 cells. When tumor
reached visible size as monitored by Xenogen imaging
(between 10 and 14 days), the mice were treated with
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PD0325901. Tumor was harvested at 1, 3, or 24 hours after
PD0325901 treatment and the expression of p-ERK1/2
was detected by Western blot analysis (Fig. 3D). Phosphorylation of ERK1/2 was suppressed as early as
1 hour following PD0325901 treatment in mice inoculated with either K2 or TPC-1 cells, and this suppression
lasted at least 24 hours in mice inoculated with K2 cells.
In mice inoculated with TPC-1 cells, the phosphorylation of ERK1/2 was detectable in one of three mice
after 3 hours of PD0325901 treatment and returned to
pretreatment level by 24 hours (Fig. 3D). These data
verify PD0325901 inhibition of the ERK1/2 phosphorylation in vivo.

Discussion
The MEK/ERK signal transduction pathway has been a
therapeutic target for many different types of human cancers because mutations leading to constitutive activation
of this pathway result in malignant and aggressive tumors. BRAF mutations have been detected in >60% of melanoma (32), and at lower frequencies in breast cancer (33),
NSCLC (34), and colon cancer (4, 35). In PTC, the rate of
BRAF mutation varies from 29% to 83%, depending on the
cohort being studied (4, 36). RET/PTC rearrangements are
unique in thyroid carcinoma, representing 2.5% to 67% of
PTC, depending on the cohort being studied (36–38). Both

Figure 2. PD0325901 suppresses the expression of p-ERK1/2 and induces apoptosis in PTC cells. A, K2 cells (top) or TPC-1 cells (bottom) were treated
for 1 hour at 37°C with 1,000, 100, 10, 1, or 0.1 nmol/L of PD0325901. B, K2 (top) or TPC-1 (bottom) cells were treated with 100 nmol/L of PD0325901
once at 0 hour and cells were harvested at 1, 6, 8, 24, 48, 72, or 96 hours. Western blot analysis showed the expression of p-ERK1/2 and cleaved
PARP (cPARP). Total ERK1/2 and actin were used as loading controls. Cells treated with DMSO (0 hour) were used as a positive control for the expression
of p-ERK1/2, and cells treated with 1 μmol/L staurosporine (+) for 8 hours were used as a positive control for apoptosis. The Western blot analysis was
repeated twice. C, K2 or TPC-1 cells were treated with 100 nmol/L PD0325901 for 4 days. The Cell Death Detection ELISAPLUS photometric enzyme
immunoassay was used to detect DNA fragmentation with absorbance at 405 nm and subtracted from a background fluorescence at 490 nm. Each data
point was determined in duplicate and the assay was repeated twice. Cells treated with DMSO (DMSO) and lysis buffer only (buffer) in ELISA were
used as negative controls. Cells treated with 1 μmol/L staurosporine for 24 hours (+ control) were used as a positive control for apoptosis.
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Figure 3. PD0325901 inhibits tumor growth in mice. A, in the control group, images from Xenogen showed 8 mice inoculated with PTC cells carrying a BRAF
mutation before treatment (baseline, 6 days after inoculation, top) and images after treatment with vehicle for 5 days (2nd panel). In the treatment group, 7 mice
inoculated with K2 cells before treatment (baseline, 6 days after inoculation, 3rd panel) and images after treatment with 25 mg/kg/day of PD0325901 (PD)
for 5 days (bottom). B, tumor volume (mm3) was calculated after mice were sacrificed and the tumor size was measured by a caliper using the formula: length
(mm) × width (mm) × depth (mm). Both mice treated with PD0325901 (PD) and vehicle are shown here. C, Kaplan-Meier survival curves are shown for mice
inoculated with K2 (top) or TPC-1 (bottom) and treated with vehicle or PD0325901. The in vivo study was repeated twice. D, mice (each identified by its
ear tag number) inoculated with K2 cells (top) or TPC-1 cells (bottom) were treated with 20 mg/kg PD0325901 for 1, 3, or 24 hours. Tumors were harvested
at the indicated time points and protein extracts were prepared. The expression of p-ERK1/2 was detected by Western blot analysis. Total ERK1/2 was
used as a loading control. Mice treated with vehicle were used as positive controls for the expression of p-ERK1/2. Each mouse is identified by its tag number.

types of mutations are able to activate the MEK/ERK signal transduction pathway.
Several specific MEK1/2 inhibitors have been tested
in PTC, including PD98059 (16), U0126 (16), and CI-
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1040 (15, 17). Both PD98059 and U0126 are available for
in vitro study only. We found that the GI50 of CI-1040 in
PTC cells carrying a BRAF mutation was 52 nmol/L (17),
with the value much higher in PTC cells with the RET/
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PTC1 rearrangement (1.1 μmol/L). CI-1040 treatment at
300 mg/kg/day reduced the mean tumor volume by
31.3% in mice inoculated with PTC cells carrying a BRAF
mutation and by 47.5% in mice inoculated with PTC cells
carrying the RET/PTC1 rearrangement (17), compared
with mice treated with vehicle.
The second-generation MEK1/2 inhibitor PD0325901
seems to be more potent. The GI50 of PD0325901 was
6.3 nmol/L (K2 cells in this study) or 131 nmol/L
(BCPAP by Liu et al.; ref. 39) in PTC cells carrying a
BRAF mutation, and 11 nmol/L (TPC-1 cells in this
study), 66 nmol/L (TPC-1 cells reported by Leboeuf
et al.; ref. 22), or 13 μmol/L (TPC-1 cells reported by
Liu et al.; ref. 39) in PTC cells with the RET/PTC1 rearrangement. At a PD0325901 dose of 20 to 25 mg/kg/
day, complete suppression of tumor growth was observed in mice inoculated with PTC cells carrying a
BRAF mutation within 1 week of PD0325901 treatment,
and tumor volume was reduced by 58.3% in mice inoculated with PTC cells carrying the RET/PTC1 rearrangement compared with mice treated with vehicle
in this study. Although PD0325901 did not completely
suppress the tumor growth in mice inoculated with
PTC cells carrying the RET/PTC1 rearrangement, significant improvement in survival was observed in these
mice, with survivals of 16 to 18 days in the vehicle
group and 30 to 33 days in the PD0325901-treated
group. The increased potency of PD0325901 has also
been observed in other types of cancer. In human melanoma cell lines with a BRAF mutation, the IC50 of
PD0325901 was 20 to 50 nmol/L and tumor growth
in xenografts was suppressed by 60% to 65% in mice
treated with 50 mg/kg/day of PD0325901 compared
with vehicle control (40). PD0325901 was able to completely suppress hepatocellular carcinoma tumor
growth in mice after 20 or 35 weeks of treatment at
1 mg/kg/day (41). In a NSCLC cell line carrying a
BRAF mutation, the IC50 of PD0325901 was 10 nmol/L
and various degrees of tumor growth suppression were
observed at 20 mg/kg/day (34). Our study showed
differential inhibition of PTC depending upon the
activating mutation present within the tumor. PTC with
a BRAF mutation showed increased response to
PD0325901, as compared with PTC with the RET/
PTC1 rearrangement.
The differences in response of PTC cells with a BRAF
mutation (K2) and PTC cells carrying the RET/PTC1
rearrangement (TPC-1) to PD0325901 were noticeable either in vitro or in vivo, as well as in our previous studies
using MEK1/2 inhibitors (16, 17). In vitro studies showed
the extended suppression of p-ERK1/2 expression in K2
cells after treating cells with 100 nmol/L PD0325901 (up
to 48 hours) and only limited suppression of p-ERK1/2 in
TPC-1 cells (6–8 hours); we observed higher suppression
of K2 cell growth at 10 and 100 nmol/L of PD0325901
(75 and 80%, respectively) and lower suppression of
TPC-1 cell growth (40 and 58%); and finally, PD0325901
completely suppressed tumor growth in mice inoculated
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with K2 cells after just 5 days of treatment, and mice were
tumor free for weeks in our in vivo studies. PD0325901 decreased TPC-1 tumor growth to a lesser degree, although
both tumor volume and animal survival were statistically
improved in TPC-1 mice treated with PD0325901 compared with vehicle. These differences suggest that
although both BRAF mutation and the RET/PTC1 rearrangement are able to activate the MEK/ERK signal
transduction pathway (2, 13, 42), other pathways not
affected by PD0325901 may be involved in PTC cells
with the RET/PTC rearrangements. Further exploration
of other signal transduction pathways is needed to fully
understand the molecular characterization of these
PTC cells.
PD0325901 has been tested in phase I and II clinical
trials in patients with breast cancer, colon cancer,
NSCLC, or melanoma. The drug was well tolerated by
patients, with dose-dependent skin, gastrointestinal dysfunction, and retinal side effects (23, 24, 43, 44). However, the clinical trials were terminated early due to ocular
and neurologic toxicity and lack of responses. Based on
our findings, a clinical trial of PD0325901 in treating
PTC may have a better response rate because a higher
percentage of PTC patients carry a BRAF mutation as
compared with other tumors. Although a high rate of
BRAF mutation (60%) was detected in melanoma (45),
PTC cells carrying a BRAF mutation seemed to be more
sensitive to PD0325901 than human melanoma cells; the
rate of tumor suppression was 60% to 65% in melanoma
xenografts (40) and 100% in our orthotopic mouse model.
A lower dose of PD0325901 may also be used in humans
to reduce those side effects observed in phase I and II
clinical trials (24). In our in vivo mouse study, tolerance
seemed to be better when we reduced the dose of
PD0325901 from 25 mg/kg/day to 20 mg/kg/day (data
not shown).
Our study was the first examination of the MEK1/2
inhibitor PD0325901 in PTC cells in vivo. PD0325901
effectively inhibited PTC cell growth in vitro by suppressing the expression of p-ERK1/2 and potently
suppressed or delayed PTC tumor growth in mice.
PD0325901 seemed to be more effective in PTC cells carrying a BRAF mutation than in PTC cells with the RET/
PTC1 rearrangement. Any potential clinical trial for
PD0325901 in PTC should incorporate the screening of
PTC patients for a BRAF mutation, as those patients
may have tumors more responsive to PD0325901.
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