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MEK 1,2 is downstream of both Ras and Raf.  Its only known substrates are 
ERK 1,2, while the only known activators of ERK 1,2 are MEK 1,2.  Cell lines 
and primary tumor samples have demonstrated constitutive activation of the 
ERK pathway in cancers of the pancreas, kidney, lung, ovary and colon.  
Additionally, two oncogenic mutations reside in this pathway.  Mutated forms of 
Ras are found in 30% of all human cancers, more specifically, >90% pancreatic, 
50% of colon and 30% lung cancers.  Recently, B-Raf mutations have also been 
found in more than 60% of malignant melanoma and in a significant proportion 
of papillary thyroid cancers (40-70%).  A constitutively active ERK kinase 
cascade is the result of these mutant proteins.  With the role of MEK 1,2 in 
cancer tumorigeneis demonstrated pre-clinically, two selective MEK 1,2 
inhibitors are currently undergoing clinical evaluation to determine their role in 
the human disease.

We have discovered a new class of ATP noncompetitive MEK 1,2 inhibitors:  4-
(4-bromo-2-fluorophenylamino)-1-methyl-pyridin-2(1H)ones.  These inhibitors 
are highly selective with less than 50% inhibition observed at 10 mM against a 
panel of over 20 kinases.  They are extremely potent inhibitors with cellular 
IC50’s as low as 2 nM in mechanistic assays and 11 nM in functional assays, 
respectively.  This class of MEK 1,2 inhibitors demonstrates excellent 
developability characteristics with low hepatic clearance, high permeability and 
excellent bioavailability in rodents (53 to 100% range within the class).  Finally, 
these inhibitors have shown the ability to inhibit ERK phosphorylation in HT-29 
tumors in mouse xenograft studies.  Our work clearly demonstrates that 4-(4-
bromo-2-fluorophenylamino)-1-methyl-pyridin-2(1H)ones are a new class of 
selective, orally active MEK 1,2 inhibitors with excellent anti-cancer properties. 

Two MEK 1,2 inhibitors are currently under evaluation in humans for the 
treatment of solid tumors:  ARRY-142886 (AZD6244) and PD 0325901.1,2 
These inhibitors are ATP noncompetitive and as a result show excellent 
selectivity against a wide variety of protein kinases.  Recently, the co-crystal 
structures of anthranilic acid type inhibitors were disclosed highlighting some 
of the key binding features of these noncompetitive kinase inhibitors (Figure 
1).2b,3 

We set out to discover new MEK 1,2 inhibitors by designing novel 
noncompetitive inhibitors that retain some features of the key inhibitor-protein 
interactions reported and improving on others.  More specifically, we felt that 
the proposed aryl fluoride – Ser212 backbone NH “hydrogen bond” is a weak 
interaction at best and that an inhibitor with a superior hydrogen bond acceptor 
may be able to improve potency.  Furthermore, if our hypothesis is correct, we 
may be able to modify the type of hydrophobic B ring used in many reported 
inhibitors to allow for an improvement in physiochemical properties.

We have designed and prepared 4-(4-bromo-2-fluorophenylamino)-1-
methylpyridin-2(1H)-ones as a novel class of noncompetitive MEK 1,2 
inhibitors.4  In this poster, we demonstrate that these inhibitors are potent and 
selective with excellent developability characteristics.  Additionally, we show 
that this series of MEK 1,2 inhibitors are orally bioavailable in rodents and 
exhibit excellent activity in rodent models of oncology.

We have designed novel 4-(4-bromo-2-fluorophenylamino)-1-
methyl-pyridin-2(1H)ones as potent and selective MEK 1,2 
inhibitors.

These inhibitors show good to excellent developability 
characteristics including:
		excellent metabolic stability
		moderate to good solubility
		low clearance and excellent rodent oral bioavailability

Excellent anti-tumor activity has been demonstrated with 
ARRY-509 in rodents models of human colon carcinoma and 
melanoma.

ARRY-509 is able to inhibit bFGF induced angiogenesis in 
mice.

pERK measurement in Malme-3M cells:  Malme-3M melanoma cells were plated in 96-
wells and treated with various concentrations of test compounds for 1 hr at 37 °C. The cells 
were fixed, permeabilized, and incubated with an anti-phospho-ERK antibody and an anti-
ERK1,2 antibody.  Plates were washed and fluorescently-labeled secondary antibodies were 
added.  Plates were analyzed on a LICOR fluorescence imager.  The pERK signal is 
normalized to the total ERK signal.
 
Cell Viability assay:  Malme-3M melanoma cells were plated in 96-wells and incubated 
with various concentrations of test compounds. On Day 3, the number of viable cells was 
measured using the MTS assay.

Metabolic Stability: The in vitro metabolic stability of analogs was assessed by incubation 
of test compounds in cryopreserved hepatocytes.
 
Permeability: The permeability of analogs was assessed by incubation of test compounds 
with caco-2 monolayers. 

Aqueous Solubility Assay: The thermodynamic aqueous solubility of compounds was 
measured using a modified shake flask method.  Solubilities were calculated based on UV 
areas resulting from reversed-phase HPLC analysis of compound standards and the aqueous 
unknowns.

Rodent Pharmacokinetics:  In vivo pharmacokinetic studies were performed in male 
Sprague Dawley rats (6-10 weeks of age).  Intravenous dose solutions were prepared in 
10% DMSO/90% normal saline (0.9% NaCl).  Oral dose solutions were prepared in 1% 
CMC/0.5% Tween 80.  Whole blood samples (in EDTA) were obtained via the tail vein.  
Plasma was analyzed for compound concentration using a LC/MS/MS method. The method 
had a validated quantitation range of 9 ng/mL to 20 µg/mL. Pharmacokinetic (PK) 
parameters were calculated by established non-compartmental methods using WinNonlin 
Pharsight, Inc. 

HT29 Human Colon Carcinoma:  HT-29 tumor cells ( 3 x 106) were implanted 
subcutaneously in nude mice in the flank and tumors were allowed to grow to 150-250 mg 
in size.  The mice then received vehicle (1% CMC/1% Tween 80) or  ARRY-509 (3) on 
Days 1 – 21, after which time the mice were further observed until their tumors grew to 
~1000 mg in size.

PK/PD Study:  Nude mice bearing SC HT-29 tumors (250-350 mg in size) were treated PO 
with ARRY-509.  Tumors and plasma were harvested at 1, 4, and 12 hours post dose, four 
mice per time point. Quantitation of compound in plasma was carried out as described  in 
the rodent PK section.  Tumors were excised, flash frozen in liquid nitrogen, and stored at 
–80oC.  To quantify pERK in tumor fragments,  tumors were homogenated and analyzed by 
SDS-PAGE and Western blotting.  pERK and ERK signals were quantitated using the Licor 
Odyssey imaging system.  pERK is normalized to total ERK levels.

LOX Human Melanoma:  Tumor cells (5 x 106) were implanted in nude mice 
subcutaneously in the flank, and the tumors were allowed to grow to 120 mg in size.  Mice 
were then treated orally with vehicle (1% CMC/1% Tween 80) or ARRY-509 (3) for 10 
days.  Tumor growth was evaluated for 23 days.

Angiogenesis Mouse Model:  CD-1 female mice were implanted subcutaneously with 0.5 
ml of growth factor reduced Matrigel (Becton Dickinson) containing either 0.2% BSA or 2 
ug/ml bFGF on day 0.  ARRY-509 (3) was dosed QD, PO on days 1-6.  On day 7, mice 
were euthanized by CO2 inhalation, and Matrigel plugs harvested and weighed.  0.5 ml of 
saline was added to each Matrigel plug, followed by homogenization using a Fastprep 
FP120 tissue homogenizer (Thermo Electron Corporation).  The homogenate was 
centrifuged, and supernatant collected.  Hemoglobin content of the supernatant was 
determined by 3,3’ 5,5’ tetramethylbenzidine assay.

Methods 
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Figure 2 – In Vitro Evaluation

Cell viability in Malme-3M cells
Compound 6 was shown to be ATP noncompetitive by kinetic analysis
Compounds 3 and 7 were inactive @ 10 uM when screened against a panel of >20 protein kinases 
amorphous material

Figure 1.  Key Binding Interactions of MEK 1,2 Inhibitor PD 0318088 with 
MEK 1.2b,3

 

HN
O

O
HN

F

F

F

I
O

O Br

+H3N

NH
O

H
P
O P

O P
O-
O-

O

O

O-O

O-

H

N
H

O
Ser212

Phe209

Val127

Lys97

Leu118
Ile126

Met143
Ile141

Phe129

Val211

Two major molecular interactions were proposed for these inhibitors.2b,3 They include a hydrophobic interaction 
between the B-ring of the inhibitor and several hydrophobic residues of the protein (Leu118, Ile126, Val127, Ile141, 
Met143, Phe129, Phe209 and Val211), and, hydrogen bonding interactions between the terminal diol of the 
hydroxamate and both Lys97 of the protein and the terminal phosphate of ATP.  A third weaker interaction is reported 
to play a role in the affinity of these noncompetitive MEK 1,2 inhibitors, namely an aryl fluoride “hydrogen bond” to 
backbone NH of Ser212.  
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ARRY-509 (3) was dosed QD on days 1-6 to CD-1 female mice containing Matrigel with or 

without bFGF.   Matrigel was havested on day 7 and analyzed for hemoglobin content.

Figure 7 – Effect of ARRY-509 (3) on bFGF-Induced 
Angiogenesis in an in vivo Matrigel Invasion Assay

Figure 4 – Antitumor Efficacy of ARRY-509 (3) in HT29 
Colon Carcinoma Xenograft
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HT29 tumor-bearing nude mice received either vehicle (1% CMC/1% Tween 80) or  ARRY-
509 (3) on Days 1 – 21, after which time the mice were further observed until their tumors 
grew to ~1000 mg in size.

Figure 3 - Rodent Pharmacokinetics (10 mg/kg PO)
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Figure 5 – PK/PD of ARRY-509 (3) after 10 mg/kg PO dose 
in HT29 Tumor Bearing Nude Mice
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Nude mice bearing SC HT-29 tumors (250-350 mg in size) were treated PO with ARRY-
509.  Tumors and plasma were harvested at 1, 4, and 12 hours post dose, four mice per 
time point.  pERK and ERK signals were quantitated using the Licor Odyssey imaging 
system.  pERK is normalized to total ERK levels.

Figure 6 – Antitumor Efficacy of ARRY-509 (3) in LOX 
Melanoma Xenograft
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LOX tumor-bearing nude mice were treated orally with vehicle (1% CMC/1% Tween 80) 
or ARRY-509 (3) for 10 days.  Tumor growth was evaluated for 23 days.  Three of eight 
mice receiving 3 mg/kg experienced a durable cure (no tumors 60 days post last dose).


