DOI:10.16636/j.cnki.jinn.2013.21.023

2013 40 5-6
3
12 2
421001
2. 410005
3( MLK3) ( MAP3Ks)
MAPK
JNK p38 MAPK MLK3
MLK3
3;
3 ( mixed -lineage protein kinase 3 1.2 MLK3
MLK3)  MAP3Ks MAP3 Ks
( ERK) .c—un
(JNK)  p38MAPK 12
3 () B ( PI3K-Akt) MLK3 c °
MLK3
: MLK3 i MIK3 o MLK3
i . TTXXS( 277 -281 T
MLK3 MLK3 X S )
Thr277  Ser281 MLK3
’ o
. MLK3 MLK3
o MLK?3 o MLK3 GTPases «
1 MLK3 edc42  Rac 10 MLK3
1.1 MLK3
MLK3 93 KDa Thr277  Ser281
( MAP3K) ° . MLK3 MLK3
N C : Src homology 3 R
( SH3) . . . MLK3
cdc42 / Rac ( cdc42 /Racinteractive JNK
binding CRIB; RHO GTPases Rac cdc4?2
cdc4?2 ) C . MKK4  T258 ( MKK4 2
MLK3 MLK ® MLK1-4 ) P cdc4?2 MLK3
N C
C . MLK3  SH3
. MLK3 - SH3
MLK1.MLK2  MLK4 '’ . CRIB
:2013 - 08 —28; 12013 - 11 -11
(1988 -) o Email: 531673341@ qq. com.

o Email: zhangzhibozzb@ yahoo. com. cn.

- 489 -



Journal of International Neurology and Neurosurgery 2013 40(5 -6)

B, MLK3
314
~ - o
1.3 MLK3
MLK3
MLK3 MAPK
MLK3 JNK  ERK
15
. MLK3
MLK3 Pinl Ser138 Pin1
D1 . o
MLK3 JNK
( ) Ser178 (
MLK3 -JNK - )
7 MLK3 -JNK-AP1 (
1)
s MLK3 -p38/JNK-AP1
Y, MLK3
p38 MAPK
3 ( caspase3)
2 JNK Fas /
FasL a Bax Bad
C 2223
2 MLK3
2.1 MLK3
24 25
Lewy o MLK3
o -o ( TGF-u)
MLK 3 MLK 3
JNK 2628
6-—
MLK3 . JNK3 K252a( MLK3
) MLK3 . JNK3
6-—
¥ . CEP-1347( K252a )

CEP-1347
MLK3

30 31

MLK3 MLK3 -
JNK3 o

2.2 MLK3

33

MLK3 . JNK3 MLK3
K252a B
MLK3 -MKK7 -JNK3 K252a
B AKT

2, MLK3 B

2.3 MLK3
MLK3
JNK3
MLK3 /MKK?7 / JNK3
K252a
JNK3

MKK7

MLK3
MLK3 . MKK7
CAl
¥ Bel 2 Bax
C ® . Zhang ¥
MLK3 PSD-95
JNK 1(JIP1)
o MLK3
JIP1 MLK3 JIP1
PSD-95
MLK3
MKK7 JNK JNK
o Zhu %
CAl GluR6
MLK3 -JNK3

MLK3
. MLK3
GluR6 MLK3 -GluR 6
o Savinain—
en 7 GluR6 -PSD95 -MLK3
MLK3  JNK
/ GluR6 -PSD95 -MLK 3
MLK3  JNK
CAl
® MLK3 INK

p38 MAPK .

- 490 -



2013 40

/ CAl
MLK3 p38 MAPK
CAl ¥,
2.4 MLK3
MLK3
1( HIV-)

GluR6

HIV -1
CEP-
1347( MLK )
MLK3
MLK3
HIV -1
JNK

P38 MAPK
HIV -1
© MLK3
JNK

40 41 .
Monica

. ( NGF)
MLK3
MILK3 .
MLK3

MLK3

NGF MLK3

MLK3
JNK
p38 MAPK
MLK3

. MILK3
( ERK)
P38 MAPK
PI3K -Akt

PI3 K -Akt - JNK

ERK

~ ~ o

MLK3
MLK3
MLK3

1 Ing Y Leung IW Heng HH et al. MLK-3: identification

of a widely —expressed protein kinase bearing an SH3 domain

10

11

12

13

14

15

- 491 -

and a leucine zipper -basic region domain. Oncogene 1994
9(6): 1745-1750.

Maroney AC  Finn JP  Connors TJ
( KT7515) asemisynthetic inhibitor of the mixed lineage ki-
nase family. J Biol Chem 2001 276(27): 25302-25308.
Handley ME ~ Rasaiyaah J Chain BM

kinases ( MLKs) :

et al. Cep-1347

et al. Mixed lineage
inflammation and

111-126.

a role in dendritic cells
immunity ? Int J Exp Pathol 2007 88(2):
Handley ME Rasaiyaah J Barnett J] et al. Expression and
function of mixed lineage kinases in dendritic cells. Int Immu-
nol 2007 19(8): 923-933.

Gallo KA
and p38 MAPK pathways. Nat Rev Mol Cell Biol
(9): 663-672.

Silva RM  Kuan CY Rakic P

Johnson GL. Mixed -lineage kinase control of JNK
2002 3

et al. Mixed lineage kinase—
c¢—jun N-terminal kinase signaling pathway: a new therapeutic
target in Parkinson ’ s disease. Mov Disord 2005 20
(6): 653-664.

Handley ME  Rasaiyaah J Chain BM

kinases ( MLKs) :

et al. Mixed lineage
inflammation and

111-126.

a role in dendritic cells
immunity ? Int J] Exp Pathol 2007 88(2):

Vacratsis PO Phinney BS Gage DA et al. Identification of

in vivo phosphorylation sites of MLK3 by mass spectrometry
2002 41

and  phosphopeptide Biochemistry

(17): 5613-5624.

mapping.

Leung IW  Lassam N. The kinase activation loop is the key
to mixed lineage kinase 3 activation via both autop -hosphory—
lation and hematopoietic progenitor kinase 1 phosphorylation. ]
Biol Chem 2001 276(3): 1961-1967.

Kant S Swat W Zhang S et al. TNF —stimulated MAP ki-
nase activation mediated by a Rho family GTPase signaling
pathway. Genes Dev 2011 25(19): 2069-2078.
Leung IW  Lassam N. Dimerization via tandem leucine zip—
pers is essential for the activation of the mitogen —activated pro—
tein kinase kinase kinase MLK-3. J Biol Chem 1998
273(49): 32408-32415.

Vacratsis PO Gallo KA. Zipper—mediated oligomerization of
the mixed lineage kinase SPRK/MLK -3 is not required for its
activation by the GTPase cdc42 but Is necessary for its activa—
ton of the JNK pathway. Monomeric SPRK L410P does not
catalyze the activating phosphorylation of Thr258 of murine
MITOGEN -ACTIVATED protein kinase kinase 4. J Biol
Chem 2000 275(36): 27893-27900.

Zhang H Gallo KA. Autoinhibition of mixed lineage kinase 3
through its Sr¢ homology 3 domain. J Biol Chem 2001
276(49): 45598-45603.

Jaeschke A Davis RJ. Metabolic stress signaling mediated by
mixed —lineage kinases. Mol Cell 2007 27(3): 498-508.
Pavlo . Kovalenko PL.  Kunovska L. et al. Loss of MLK3

signaling impedes ulcer healing by modulating MAPK signaling

in mouse intestinal mucosa. Am J Physiol Gastrointest Liver



16

19

20

21

22

23

24

25

26

27

28

29

Journal of International Neurology and Neurosurgery 2013 40(5 -6)

Physiol 2012 303(8):

Rangasamy V. Mishra R Sondarva G

G951-G960.

et al. Mixed -lineage
kinase 3 phosphorylates prolyl -isomerase Pinl to regulate its
nuclear translocation and cellular function. Proc Natl Acad Sci
USA 2012 109(21): 8149-8154.

Chen J Gallo KA. MLK3 regulates paxillin phosphorylation
in chemokine —mediated breast cancer cell migration and inva—
sion to drive metastasis. Cancer Res 2012 72 ( 16):

4130-4140.

Chen ] Miller EM  Gallo KA. MLK3 is critical for breast canc—
er cell migration and promotes a malignant phenotype in mammary
epithelial cells. Oncogene 2010 29(31): 4399-4411.

Lim TG Kim JE Jung SK et al. MLK3 is a direct target of
which plays a role in solar UV —induced COX-2
2013 86(7): 896-903.

biochanin A
expression in human keratinocytes
Kim KY Kim BC Xu Z et al. Mixed lineage kinase 3
( MLK3) -activated p38 MAP kinase mediates transforming
growth factor -beta —induced apoptosis in hepatoma cells. J Biol
Chem 2004 279(28): 29478-29484.

Tang RX Kong FY Fan B
mediates HepG2 cell apoptosis through MLK3 -MKK7-JNKs signal
module. World J Gastroenterol 2012 18( 13) : 1485-1495.

Xu Y Hou XY Liu Y. Different Protection of K252a and N-

et al. HBx activates Fasl. and

acetyl - —cysteine Against Amyloid—b Peptide induced Cortical
Neuron Apoptosis Involving Inhibition of MLK3-MKK7-JNK3
Signal Cascades. J Neurosci Res 2009 87(4): 918-927.
Wang Q Yin XH Liu Y et al. K252a suppresses neuro—
nal cells apoptosis through inhibiting the translocation of Bax to
mitochondria induced by the MLK3 / JNK signaling after transi—
ent global brain ischemia in rat hippocampal CA1 subregion.

2011 31(4): 307-313.
Knoten A

J Recept Signal Transduct Res
Golden JP  Demaro JA 3rd et al. Dopamine —
dependent compensation maintains motor behavior in mice de—
velopment anlation of dopaminergic neurons. J Neurosci
2013 33(43): 17095-17107.

Janezin S Threlfell S Dodson PD et al. Deficits in dopam—
inergic transmission precede neuron loss and dysfunction in a
new Parkinson model. Proc Natl Acad Sei U S A 2013
110(42): E4016-4025.

Sathyanarayana P Barthwal MK  Kundu CN
tion of the Drosophila MLK by ceramide reveals TNF —alpha

Mol Cell

et al. Activa—

and ceramide as agonists of mammalian MLK3.
2002 10(6): 1527-1533.

Tansey MG~ Frank -Cannon TC ~ McCoy MK et al. Neuroin—
flammation in Parkinson ’ s disease: is there sufficient evi—
dence for mechanism-based interventional therapy? Front Bios—
ci 2008 13: 709-717.
Arboleda G Morales LC  Benitez B et al. Regulation of ce—
ramide —induced neuronal death: cell metabolism meets neurode—

2009 59(2): 333-346.
et al. K252a Prevents Nigral Do—

generation. Brain Res Rev

Pan ] Wang G Yang HQ

- 492 -

30

31

32

33

34

35

36

37

38

39

40

41

42

paminergic Cell Death Induced by6—Hydroxydopamine through In—
hibition of Both Mixed —LineageKinase 3 /c¢—Jun NH2-Terminal
Kinase 3 ( JNK3) and Apoptosis —Inducing Kinase 1/JNK3 Signa—
2007 72(6): 1607-1618.

Parkinson Study Group PRECEPT Investigators. Mixed lineage

ling Pathways. Mol Pharmacol

kinase inhibitor CEP-1347 fails to delay disability in early
Parkinson disease. Neurology 2007 69( 15): 1480-1490.

Wang LH  Johnson EM Jr. Mixed lineage kinase inhibitor
CEP-1347 fails to delay disability in early Parkinson disease.
Neurology 2008 71(6): 462-463.

2013 40(2): 101-104.

Ivins KJ Bui ET Cotman CW et al. Beta—amyloid induces
local neurite degeneration in cultured hippocampal neurons:
evidence for neuritic apoptosis. Neurobiol Dis 1998 5
(5): 365378.

Pan J Zhang QG Zhang GY

effects of K252a through inhibiting MLK3 /MKK7 / JNK3

et al. The neuroprotective

signaling pathway on ischemic brain injury in rat hippocampal
CA1 region. Neuroscience 2005 131(1): 147-159.

Zhang QX Pei DS  Guan QH
PSD-95 and JIP1 -mediated signaling modules:

et al. Crosstalk between
the mecha—
nism of MLK3 activation in cerebral ischemia. Biochemistry
2007 46(13): 4006-4016.

Zhu Q] Xu Y Du CP et al. SUMOylation of the kainate
receptor subunit GluK2 contributes to the activation of the
MLK3 -JNK3 pathway following kainate stimulation. FEBS
Lett 2012 586(9): 1259-1264.

Savinainen A Garcia EP Dorow D et al. Kainate receptor
activation induces mixed lineage kinase-mediated cellular ig—
naling cascades via post-synaptic density protein 95. J Bi-
olChem 2001 276: 11382-11386.

Yu CZ Li C Pei DS

et al. Neuroprotection against transi—

ent focal cerebral ischemia and oxygen—glucose deprivation by

interference with GluR6 -PSD95 protein interaction. Neuro—
chem Res 2009 34(11): 2008-2021.
Chen J Li C Pei DS et al. GluR6 —containing KA recep—

tor mediates the activation of p38 MAP kinase in rat hipp—
ocampal CA1 region during brain ischemia injury. Hippocam—
pus 2009 19(1): 79-89.

Gelbard HA  Dewhurst S Maggirwar SB et al. Rebuilding
synaptic architecture in HIV -1 associated neurocognitive dis—
ease:. a therapeutic strategy based on modulation of mixed lin—

2010 7(4): 392-398.

et al. Inhibition of mixed lineage

eage kinase. Neurotherapeutics
Sui Z Fan S Sniderhan L
kinase 3 prevents HIV -1 Tat-mediated neurotoxicity and mono—
cyte activation. J Immunol 2006 177(1): 702-771.

Mota M Reeder M Chernoff J et al. Evidence for a role

of mixed lineage kinases in neuronal apoptosis. J Neurosci

2001 21(14): 4949-4957.



