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The Progress on MEK Kinases and Their Inhibitors
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(Cell Signaling Laboratory, Faculty of Life Science and Technology, Kunming University of Science and Technology,
Kunming 650500, China)

Abstract The mitogen-activated extracellular signal-regulated kinase (MEK) is a dual specificity kinase,
and a key component of RAS-RAF-MEK-ERK/MAPK signaling pathway that phosphorylate serine/threonine and
tyrosine residues on target protein. It plays a critical role in the regulation of diverse cellular processes, such as cell
proliferation, differentiation, motility and survival, etc. Deregulation of Ras-Raf-MEK-MAPK/ERK pathway occurs
in more than 30% of human cancers. As a key node of this pathway, MEK inhibition is an attractive therapeutics
strategy in a number of cancers. Several potent, highly selective, non-ATP-competitive MEK inhibitors have
been developed and assessed in numerous clinical studies over the past decades. Some of them showed promising
therapeutic effects in different types of solid tumors. Here we summarize the advances in MEK structure and
function research and discuss the development of MEK inhibitors.
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Four distinct MAPK signaling pathways that seven MEK enzymes involved in have been identified. The corresponding MEK proteins and their

associated signalingpathways are shown in the diagram.
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Fig.1 MAPKK proteins and their signaling pathways
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Fig.2 Gene structure diagram of human MEKI and MEK?2
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B P R 1 45 A4 3L T Hp g A 2 R ek )
J& 3B, BN REMEK s 5 PR % 8 R 1
VB FHAL s 80, 122 [X 338 14) 26 D] 5748 0T S5 e FG A A S
A% 2 AR MEKGS T 1R 22 4 F .

2 MEK7ZEREER LS HIER

Ras-Raf-MEK-MAPK/ERK 8 il 2% F¢ 52 %7 {24
RIHE T AR B NIEM RIS Sl —. AR N
TR B8 I 4 53 (0 B0 SR AR R S 1%
B9 @M. HAT, CELCR R 40 H A A 2 =
TE L IIRAS-ERKAS 5o 1% B 1 57 35 1k il 5 8
KSR g o fb. A TR A A AR KA
FIER ik . 1F NRAS-ERKAE 5 il 4 ) 5 2 40
gy, HHAh LA H, MEKJEY) B—, HfE— YR
ERK, AT LA, MEK#E I\ A2 12 A5 5 3l B 10 3= 175
HE. AEME g0 AR Y, MEK/ZMAPKAE 5
TP HREIE T AR R IE ) B L
2.1 MEK#EEMEERBEPNIEA

A B ZER S pH R AT A % B 2 4 AR
B = e (iR o 2 1k 2R IR R A 3 M B AT 2
H BB R A B0, B R R, (HHEE
PERE @, R R A B, R AE T2 = R H AT
i) R 56 4 i) B ST TR R0 R 2%, {THRAS/MAPKAS
5 Py R FRE IR MR A I DG B A B 2 LR B
o 40%~60%F115%~25% 11 2 €8 2988 1) K A6 5 il
& T B-RAFFIN-RASHEER 98748 7= 4=, MEKAE HRAS/
MAPK/E 538 i#% H i = 2L R O, 38 i 6 MEK ) i 15
A4 R HIMAPKAS 538 B o JHIMEK 7] i (1 B-RAF
FIN-RASFEAT it ‘T S 22 €8 2590 (1045 5 3 B i 12k %
ik A s o, IEE B ORI IRIG ST, B-RAF
EMEK [ 1) 751 [7 B A5 P (147 28058 L S f FH B-RAF
O 7 AR 200, K e, MEK A AE g — AN 20
I3 TR0 AL, B BRI TR T SR AT Y L
2.2 MEK7ZEZBREFRIER

FUMREE R 2P f R WK R 2 —, & —
Pl & R A AEFL 5 B b B 4, e R Aot B0
i B B 28 s J 2B A B . MEK PR 0TS 2 41 A A
N SHAM G, FF A MEK-ERKAS 5 #% Tl
P B B K D1 (cycelin D1 IE K H 5400
Jii 3 44 5t P ¥ B4 (cyclin-dependent kinase 4, Cdk4)
M4h4, T EH MG 1R S AL, AT (i i3E 41 A

WU, AR SR B, 75 fF FHMEKH 1 7 5, 2
JEAE LR AT RE 2> N U B EID1 R A W P27
A SO ER. BT WL, MEK AT {E 697 FLIR
S — N R
2.3 MEKXBRAREERIVER

FE AR R — FICERME AR PR AR &, 2 YR T AT
AR R A £ 9 A 3 5 R, £090% AR IR T IR I
B S8 R o o P AR 2 P R 2 JE e 1) R BERFAIE
Z—, WESHHEREEEARTUGNRRKZ —.
JoR R 9 v, RASHE Rl R AR 28 15115 70%~90%, iX 46 5
3 Af 5 FEMEK 7 36 14, 5 8040 i3 5 ik 5 R CpG
5 F 640 S g 010, 4 S G IE B, s B MIBKCH 1) 751
PD98059 AT LA 411 1 fif A 988 40 A A= K, FEL v 400 i 0 34
MGo/G 391 18] SHA Ak, 3 L 5 240 i J) 300 A ¢ 32 B
FIK, FE{KDNAF B B iE LN, b Ak, Bt 50 K 30
MEK X 5 % 7 2 5 H occluding 1A [ 52 ) 5 Ji i e
(RS B DA ¢, VAN A 1a) 55 % B2 1) L B 41 45,
occludin 1F & B i 7% 125 £ R il ik 78 48 i M b 98 201
SUh g . H AT, CFEE0R R 40 i R IMEK
HE A T il occludin ) 2214, AT BT (2 a2k i 98 241 i
() LIS, ] FIMEK 1] 55U 1026 4k 35 J55 i g 44
i % Bl occludinfE 11983 4 iy 8] 34 42 4 1 18 7K ~F- B4
BT, IR gE i 2 S R AERAS . BT AMEK)
A1) 7)Y 3 3o e e £ P oceludiin ) 328 12 SR 471 1
Fi 8 200 M (1 42 22 AN 120
2.4 MEKZEIE/)4HAR AT - R91E A

JE /N4l o i J (non-small-cell carcinoma) e i N
HOOL B, o R R EI80%. A /N4 it e 3=
RSN N b I 7 NN S
i =2, Bt FAEGULT Ukt 2. KAfH
30%3F /N it fii 68 A7 AE K-RASTA FE TR 9878, 1%~3%F
/N B e AF AEBRAF M) RS o BRAFFTRAL 132 R A4
e s, ELEE AR VEO00ESRAS . 786 A\ it 4 i
FE IR 978 1 5 A 1L FE e, kB R AE H D HiTE 4
FHIMEK [1/P298L4 B R & A T 20482, [Kl Ik, MEK
(1) 9 A8 1 il Fp R ZE LA . A WF AR W, N FIMEK
FI T AT DA 2 bl /N B AR /N 200 fiti e A 7Y 1
0 A= B 5 P AR L A P B2 2B K TR 7 i 3R K22, MEK
0 5b1) 750 T 35 56 R 40 B G O R BB . L R AR
FHMLE AT 58 I 75 T I8 40 Mo i 9 T2, 1 2 i i 4
153 o980 41 B DN AE LT 9253k 47 52 4 40 24, i &
VU AR 2 (5 A7 A, 15 S 22y BT,
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3 MEKHHIF

bRk, MEK ) 55 16 b5 Ak 22 e (1 A
RUR JE %P 9% o MEKHI#I 7 ASY 7] R IMEK )
E S 1, 3 0] BH W7 7 8 75 AL T RASFIRAFATMEK
(3 P s, PR Sl s 1S e, BT bh, 2
MEKH il 771) 5k - T fifr 988 1 2 A AR R F 2 24 i e 9
TBIT U EER AN A . H IO R Z FMEKH)
1) 770 4k B, X e ) 7 AATPAE 5% 4+ 14 4011 551 9
F, HZIHFSMEKL &G, SEATPES &7 1)
¥ G A, FATPIC A 45 & BIMEK |, #)1fi]MEK
R AL, MEKHI IR 7 2 3R I PR AL
BRI TR ). T g — L85 g 6 97 77 T
A B IR R IT 2 IMEK i 75 — M i
3.1 CI1040

CI104072 &8 — AR A I R X587 IMEK 0 1)
#29 H 2 7 KON CHCIEIN,O,, & —Fh K IR
P 041 7], HICsof 917 nmol/L. 5 Kk £ % i

1 770 A 7], C11040 22 FABMEKH 1) 71 (1) 73 &
— IR/ CI1040H: AN B 42 4T Wr ATP R 85 42, T
JE 30 I ] 2 2 3 AH AT 1R S 67 s, SIEGIE B,
CI10405% 2 A (1) 05 B A= KA $ il 4E . i LY
RERARETE . Z SRR, 98% M &M k2
. Tk, CT10404HI44 PN FGF A 5 (1 I8 A=, B&
IRVEGFZE ik, 142 S Taxol 78 A F% 83 455 7Y o (1) 45
Ji I8 & 70 AR AETLIG IR 1058, CT10405 K R I
R T R T Ak, AN R AR T 1290 I A 2 1
With o CI1040A R N B RTT 2 3 B 5 A = 1)
2R3N 1156 2%, INCT10407E 4 Py 2 S BARE, EW
B FH B KR, {HCI104024 K — ACMEKH 1] 71
1) 5 R AN A At T AR
3.2 PD0325901

I 3 AE ALCI10404% 0 1 — 2K i 45 #4 F1 48 5
1R 6 1 O B, A 9T T R TS — A ZARMEKH)
57 PD0325901, H ICsf 4 0.33 nmol/L. AHX} T

1 MEKI127IGKRIREF T R R M

Table 1 MEKI1/2 inhibitor and its adverse reaction in clinical practice

MEK 1/2401#] -

MEK /2 inhibitor

g

Chemical formula

o/ H bR AT

Indication/target population

A R AR 8

Clinical adverse reaction

B HNO' Breast cancer, CRC
C11040 (PD184325) J{:% ancer, CRC,
' pancreatic cancer
PD0325901 ~ i ‘ Breast cancer, NSCLC, CRC,
(AS703026) L melanoma
Sel tinib /© ‘ NSCLC, melanoma,
elumetini
(AZD6244) ) pancreatic cancer,
Y inflammation
AZDS8330 WA |
melanoma
(ARRY-424704) < 5o
Binimetinib PN o
</ . Rheumatoid arthritis
(MEK162) y e
Refametinib o3 N .
(RDEAL19, Melanoma, CRC

Diarrhoea, fatigue and rash

Rash, diarrhea, unsteady gait,
syncope and dizziness

Rash and diarrhoea

Rashand, change in mental status

Centralserous-like retinopathy

and acneiform dermatitis

Rash, diarrhea, elevated lipase levels

Bay 86-9766)

Trametinib d N/Lo o

and somnolence

Rash, diarrheaand central serous

Melanoma, CRC

retinopathy
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PD0325901 (] Fi ACI104011 5, 78 4= R F & A
AR AR e 1 T T 345 B B 3 1) 2 . PD0325901
CEAIMEK P 77 T8 1 2 47 B 2 15 F-C11040£3500
fifo {EPD0325901 DI IR 5L, K 2 Hoie i &
i 968 40 23 BT ERK % R 4 7K ST B (2 B K. ¥R 97 i
wWILWEIERA KE. BE. BOMarkmss
PR AR G40 7 5 5 A0 0 25 P g 55120, I LI S B
F 5PD0325901 {171 & 5% . FEIUIE RS, J
JiE BB T IR 2 I X PD0325901 (i 245 . iX - 55
72 KN R T RAS-ERKAE 538 #% b, PI3K-Aktth 7£ A%
Z M Rk AR R R R E AR, X AKIE R
(B A7 75 35 5 1 28 HAE F(cross talk), 9 1F & X F <2
A A R R 3 0T B — e B 0 A 7 2 T T 24
PECOT, X AT $ R, BXA R MEKFIPI3K A il 7]
A BT I RT3 AH BRI I PR B0 % A,
PD0325901 F1PI3KHP 1] 75/PF04691502 (1] Bk & M. H
TE IR V6 TT 7 THI A 850 B3 THze e /N T B AT TR 2
& R R E RIE e, Brbh, BRTSE kT
PD0325901 Il AR A 7.«
3.3 Selumetinib

Selumetinib(AZD6244) & MEK1/238 %% 1) 5 =
PEFD IR, F 5 2N NC 17 Hs-BrCIFN,Os, ICsfE 10
nmol/L, 72 {F F TMEKV2H 524X 17 R & R0 e 5 14
ATPAE 7% 4 PR ] 772, AZD6244E B4 Fi T-MEK
(O 149, 8 S MEKAE 5 ATP K ) 45 A 115 3
TAREREGE . A A HRIE TR H, AZD6422:8 1 X}
MEK 1/245 5 38 % ()35 e FH I 52 1 e 4 e 33 5
5 JE A OG-, WA EDI. ede-2. ¢-Myc
HRFRIL, BAFHFMRA AT, AZD6244
1E— S E VA T ORI R AR IT 2L, T
DL 3 i 410 1 ERK 1/2 F1p9OR SK A T 1% 1k, >k 4171 1] 5
R (hepatocellular carcinoma, HCC)4H il Y 4= &, [A]
i, £ b % caspase-3 llcaspase- 7R iU 15 N 58 K 147
FL0) BRI A% B 58 A B [poly (ADP-ribose)
polymerase, PARP] /338 % . 1Ml AZD6244 7£ P38,
JNK. PI3K X MEKS/ERKS5IE % 1 9% A 15 B & i1 1F
FAB9, AZD6244 5% 8% 51 L A9 41 il 2 oF (1 RafoE AR
IV /N 241 it e 400 PR 2R TP FIRas 28 48 A5 1R v 1) R A
P (H R F R MR VS S EIE H . Selumetinib H
AT SR PRI RS .
3.4 AZDS8330

AZDS8330 /& — Fl H 2L [ ATPHE 3% 4+ EMEK

e e AR 77, RICsofE 297 nmol/L o ) i 6 4
TS R FE 2 W, AE AT 52 26 10 TR Hx i oeg A K
F e KA AT IE90%, I SR B H . LHc
58 AZD833011 I RIATE 7T, B Fe 4 R KW, Hix
KT 52 77 & 940 me/d. 5 FARMEKH) i) 71 35 51,
AZD8330% H WL I T3 BIAE ] 12 2 % & O A
WX i S50 R AR AR A A RIS, AP & B B E R K
AR PRAREE U . I S8 N Fh A I A% 40 i
(peripheral blood mononuclear cell, PBMC) ) ERK fi#
R A 7K B, AZD8330F A e A 2k 3 41 1) s A 1
MEKFE £ HAZA 78 25 R4 7R, HHT-AZD8330%
RIVE A0S, AT DR R B S 16 97 ) — A 2 22
FIMEK 11751 «
3.5 Binimetinib

Binimetinib(MEK162), I1Cs {4 12 nmol/L, &
BT ATFE—ME 200 IR ATPAETE Gt/
MEK 1724 71 & 388 i #10 # p-ERK 1) 7 A2 38 21 %k
MAPKE i ) #011 . Binimetinibd WL 1A B & B2
FEFERERE 8+ Hh O PR SRR AR IR B AR, Hor, L
T Tk TR U T v 2 B 9 W WL I3 ~A AN R BT
Binimetinib H A 2.3E A G RIS .
3.6 Refametinib

Refametinib(RDEA119, Bay 86-9766), ICsyfE. H
19 nmol/LA117 nmol/L, &—Ma ). JEATP ik
(1. wnk EPE IMEK L FIMEK 241171751, RefametinibiZ
PS5 & BIMEK 128 AR, i Rl A375
SK-MEI-28. Colo205. HT-29F1BxPC3% i J# 41 il )
Ha%E . Refametinib il 2 3845 14 ) 5 V" BRAF R 4%
FEUR N I 20 B R W B AR K, HLRIE A B2
WEY5. AR RS K- Th . FERESEP), Refametinib H
AT A I PRI o
3.7 Trametinib

Trametinibt /& — Fi ATPE 3% 4+ 4 — fCMEKH]
#1175, 1Csof 90.92 nmol/L, F7F 44 B IR /KT 5t g &
& H AT HIMEK /289 35 P Il PR A <% 56 B 78 3% W,
Trametinib 7] 4 2 #l fil] & 4 B-RAFE{RASZ 4% 1] Jif
I8 240 ) RERK 1) B R A4 A iy 40 M A 36 5 . HT-29
FNCOLO205 it 4H H #% M A ALt B, Trametinib A
AIEFE RO PUMIREE . BR, HAloA +==XM
MEK 11| 771 58 % 2 A i R 56, (5 A Trametinib 5
Pk N PRITLA G I 28 0 HH A R R T 2% A
S5 AT &, TrametinibA] &2 25 28 K A\ P2



1430

To 3k J# 2E A7 (median progression-free survival)**3’,
B b3k f 31 2% FOMEKA il 77 2 41, U0126.
PD98059. Cobimetinib. E6201. Pimasertib.
R0O4987655. RO5126766. TAK-733F1GDC-0623%
MEKH 1] 77 1 3 A MG PR AT IR B .

4 BESRE

RAF-MEK-ERK/F 5 18 I & — P #2140 i 5
5 TR AR, A VE 2 RS 1) 40 i A B AR, 91
w, ARG . SRR TS A SRR . A,
RAF-MEK-ERK(5 5 18 i & 40 5 5 P 2 1) — 2% &£
SRl NS S il iR ECE R NP R R e
AR . AR A IZAE Il S P IR G A R 1,
MEKTE i (1) & A e 45 5 B4R A, 1M H, S5 RAF-
MEK-ERKI# #% I i) HoAth &5 3 it A b, AMEKCH #2
AR R YT R e, T ELE S ME— . BT, ERx
MEKF 57 P4 4100 i1 7] P9 B e e G W R 2 FH — B A2 T
FF R BRI, A 1I3MMEKI 7 5e 88 12 i
PRAREE, 18 i 3 B B 1 25 @I AR A A A e
A IR 24 1 % K St 1) 55 MK 1 770 76 s v o7
AT DI PRI 280 B DA, R BHMEEKCHI 1) 771 7 A i 245 14
(R LA o3 L) R J 3t B D 243 P 245 7] = A ik
BHEAERH BN RN T OGE f. fEIX
3 THI (IR 50 5 05 1K 2 IMEKH il 751 %5 i 9gd 176
TR HLIE o

SE Rk (References)

1 Catalanotti F, Reyes G, Jesenberger V, Galabova-Kovacs G, de
Matos Simoes R, Carugo O, et al. A MEK1-MEK?2 heterodimer
determines the strength and duration of the MEK signal. Nat
Struct Mol Biol 2009; 16(3): 294-303.

2 by W, K W, HAL KW, (TIERE, 38 K. MEKI-ERKsZ
TR 7 2 VA% A AR5 3 T LR 52 ) 00 T AL o [ AR
LS o T AE) 4R (Yi Ting, Zhang Hao, Peng Yihong, Zhu
Meng, He Xiaoyan Huang Xiaotian. Activation of MEK1-ERKs
is essential for herpes simplex virus type 2 (HSV2) replication.
Chinese fournal of Biochemistry and Molecular Biology) 2011;
27(2): 142-7.

3 Yang SH, Whitmarsh AJ, Davis RJ, Sharrocks AD. Differential
targeting of MAP kinases to the ETS-domain transcription factor
ERK-1. EMBO J 1998; 17(6): 1740-9.

4 Rubinfeld H, Hanoch T, Seger R. Identification of a cytoplasmic-
retention sequence in ERK2. J Biol Chem 1999; 274(43): 30349-
52.

5 Bromberg-White JL, Andersen NJ, Duesbery NS. MEK genomics
in development and disease. Brief Funct Genomics 2012; 11(4):
300-10.

19

Mansour SJ, Candia JM, Gloor KK, Ahn NG. Constitutively
active mitogen-activated protein kinase kinase 1 (MAPKK1) and
MAPKK?2 mediate similar transcriptional and morphological
responses. Cell Growth Differ 1996; 7(2): 243-50.

Fischmann TO, Smith CK, Mayhood TW, Myers JE, Reichert
P, Mannarino A, ef al. Crystal structures of ERK 1 binary and
ternary complexes with nucleotides and inhibitors. Biochemistry
2009; 48(12): 2661-74.

Jelinek T, Catling AD, Reuter CW, Moodie SA, Wolfman A,
Weber MJ. RAS and RAF-1 form a signalling complex with
ERK -1 but not ERK -2. Mol Cell Biol 1994; 14(12): 8212-8.
Neuzillet C, Tijeras-Raballand A, de Mestier L, Cros J, Faivre S,
Raymond E. MEK in cancer and cancer therapy. Pharmacol Ther
2014; 141(2): 160-71.

Thumar J, Shahbazian D, Aziz SA, Jilaveanu LB, Kluger HM.
MEK targeting in N-RAS mutated metastatic melanoma. Mol
Cancer 2014; 13(1): 45.

Kim T, Amaria RN, Spencer C, Jilaveanu LB, Kluger HM.
Combining targeted therapy and immune checkpoint inhibitors
in the treatment of metastatic melanoma. Cancer Biol Med 2014;
11(4): 237-46.

EOBR E B, 0L, SREEIR, ARHTIR, BT, 45 difu bk
15 5 R U A G b Ve R R N FL IR R AR R R R K R S
AR Ak Rl 4 2 (Wang Shu, Wang Shan, Zhu Xueguang, Zhang
Jiaging, Qiao Xinmin, Ye Yingjiang, ef al. Significance of MEK-
ERK cascade in the development of human breast carcinoma.
Chinese Journal of Surgery) 2002; 40(3): 171-4.

Hoeflich KP, O’Brien C, Boyd Z, Cavet G, Guerrero S,
Jung K, et al. In vivo antitumor activity of mek ERK and
phosphatidylinositol 3-kinase inhibitors in basal-like breast
cancer models. Clin Cancer Res 2009; 15(14): 4518-20.

Espino PS, Pritchard S, Heng HH, Davie JR. Genomic instability
and histone H3 phosphorylation induction by the RAS-mitogen
activated protein kinase pathway in pancreatic cancer cells. Int J
Cancer 2009; 124(3): 562-7.

Espino PS, Pritchard S, Heng HH, Urrutia R. The sunset of
somatic genetics and the dawn of epigenetics: A new frontier in
pancreatic cancer research. Curr Opin Gastroenterol 2008; 24(5):
597-602.

Gysin S, Lee SH, Dean NM, McMahon M. Pharmacologic
inhibition of RAF — ERK — ERK signaling elicits pancreatic
cancer cell cycle arrest through induced expression of p27Kipl.
Cancer Res 2005; 65(11): 4870-80.

FOR,CE M ORI R, 8 3 5k R, 45 MEKGERHN
) 790 0 A s 20 A A A% 4 ] SO A G 1 2 IR 3R 1Y
FoMR. AR g iR 2% 7 (Wang Xia, Wang Hui, Jiang Nan, Liang
Sanhong, Lii Wen, Zhang Xiao, et al. Effects of mek signaling
inhibitor on the growth of human pacreatic cancer cell lines and
the expression of cell cyde associated genes. Chinese Journal of
Pancreatology) 2011; 11(4): 259-62.

Lemieux E, Bergeron S, Durand V, Asselin C, Saucier C, Rivard
N. Constitutively active mek ERK 1 is sufficient to induce
epithelial-to-mesenchymal transition in intestinal epithelial cells
and to promote tumor invasion and metastasis. Int J Cancer 2009;
125(7): 1575-86.

Martin TA, Das T, Mansel RE, Jiang WG. Enhanced tight

junction function in human breast cancer cells by antioxidant,



AP AE: MEK i X% FL A0 RO W 7E ok Fg

1431

20

21

22

23

24

25

26

27

28

29

30

selenium and polyunsaturated lipid. J Cell Biochem 2007;
101(1): 155-66.

J g, WA, g, WU R R 40 M % B toccludin
A1 MEK/ERK A7 5 3 B 89 7 1. 41 F 318 5 92 #(Zhou Lei,
Tan Xiaodong, Wang Wei, Dai Xiaodong. Involvement of tight
junction transmembrane protein occludin and ERK /ERK signal
transduction pathway in cell dissociation of pancreatic cancer.
Journal of Surgery Concepts & Practice) 2010; 15(2): 153-9.
Bansal A, Ramirez RD, Minna JD. Mutation analysis of the
coding sequences of ERK-1 and ERK-2 genes in human lung
cancer cell lines. Oncogene 1997; 14(10): 1231-4.

TR, BRAEST. . AR /N G 0 i S 7 B R R SRR (R
HERE . R FC (Su Junmei, Chen Weiya. A review of the
researches on the genetic mutations in non-small cell lung cancer.
Health Research) 2013; 33(1): 33-6.

Wk 1, 2. MEKSWHG ST N M R RO R ek . 5]
FrIpAf % & (Chen Zi, Wang Ying. Progress on ERK inhibitor
therapy for non-small cell lung cancer. International Journal of
Respiration) 2014; 34(4): 269-73.

McCubrey JA, Steelman LS, Abrams SL, Chappell WH, Russo
S, Ove R, et al. Emerging ERK inhibitors. Expert Opin Emerg
Drugs 2010; 15(2): 203-23.

Chappell WH, Steelman LS, Long JM, Kempf RC, Abrams SL,
Franklin RA, et al. RAS/RAF/ MEK/ERK and PI3K/PTEN/Akt/
mTOR inhibitors: Rationale and importance to inhibiting these
pathways in human health. Oncotarget 2011; 2(3): 135-64.
Friday BB, Adjei AA. Advances in targeting the RAS/RAF/
MEK /ERK mitogen-activated protein kinase cascade with mek
inhibitors for cancer therapy. Clin Cancer Res 2008; 14(2):
342-6.

Ohren JF, Chen H, Pavlovsky A, Whitehead C, Zhang E, Kuffa
P, et al. Structures of human MAP kinase kinase 1 (MEK1) and
MEK 2 describe novel noncompetitive kinase inhibition. Nat
Struct Mol Biol 2004; 11(12): 1192-7.

Lorusso PM, Adjei AA, Varterasian M, Gadgeel S, Reid J,
Mitchell DY, et al. Phase I and pharmacodynamic study of
the oral MEK inhibitor CI-1040 in patients with advanced
malignancies. J Clin Oncol 2005; 23(23): 5281-93.

Zhao Y, Adjei AA. The clinical development of MEK inhibitors.
Nat Rev Clin Oncol 2014; 11(7): 385-400.

Haura EB, Ricart AD, Larson TG, Stella PJ, Bazhenova L,

31

32

33

34

35

36

37

39

Miller VA, et al. A phase II study of PD-0325901, an oral MEK
inhibitor, in previously treated patients with advanced non-small
cell lung cancer. Clin Cancer Res 2010; 16(8): 2450-7.

Troiani T, Vecchione L, Martinelli E, Capasso A, Costantino S,
Ciuffreda LP, et al. Intrinsic resistance to selumetinib, a selective
inhibitor of MEK 1/2, by cAMP-dependent protein kinase A
activation in human lung and colorectal cancer cells. Br J Cancer
2012; 106(10): 1648-59.

Morgillo F, Cascone T, D’Aiuto E, Martinelli E, Troiani T,
Saintigny P, et al. Antitumour efficacy of MEK inhibitors in
human lung cancer cells and their derivatives with acquired
resistance to different tyrosine kinase inhibitors. Br J Cancer
2011; 105(3): 382-92.

Meng J, Dai B, Fang B, Bekele BN, Bornmann WG, Sun D, et
al. Combination treatment with MEK and Akt inhibitors is more
effective than each drug alone in human oon-small cell lung
cancer in vitro and in vivo. PLoS One 2010; 5(11): e14124.
Huynh H, Soo KC, Chow PK, Tran E. Targeted inhibition of
the extracellular signal-regulated kinase kinase pathway with
AZD6244 (ARRY-142886) in the treatment of hepatocellular
carcinoma. Mol Cancer Ther 2007; 6(1): 138-46.

Garon EB, Finn RS, Hosmer W, Dering J, Ginther C, Adhami
S, et al. Identification of common predictive markers of in vitro
response to the MEK inhibitor selumetinib (AZD6244; ARRY-
142886) in human breast cancer and non—small cell lung cancer
cell lines. Mol Cancer Ther 2010; 9(7): 1985-94.

Cohen RB, Aamdal S, Nyakas M, Cavallin M, Green D, Learoyd
M, et al. A phase I dose-finding, safety and tolerability study of
AZD8330 in patients with advanced malignancies. Eur J Cancer
2013;49: 1521-9.

Ascierto PA, Schadendorf D, Berking C, Agarwala SS, van
Herpen CM, Queirolo P, et al, MEK162 for patients with
advanced melanoma harbouring NRAS or Val600 BRAF
mutations: A non-randomised, open-label phase 2 study. Lancet
Oncol 2013; 14(3): 249-56.

Bollag G, Hirth P, Tsai J, Zhang J, Ibrahim PN, Cho H, et al.
Clinical efficacy of a RAF inhibitor needs broad target blockade
in BRAF-mutant melanoma. Nature 2010; 467(7315): 596-9.
Flaherty KT, Robert C, Hersey P, Nathan P, Garbe C, Milhem M,
et al. Improved survival with MEK inhibition in BRAF-mutated
melanoma. N Engl J Med 2012; 367(2): 107-14.





