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Molecular mechanism of translational regulation mediated by the crosstalk
between mTOR and Mnk signaling pathways in tumorigenesis
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To investigate translational regulation in tumor cell growth, we generated
HeLa cells lacking the Mnkl and/or Mnk2 genes by using the CRISPR/Cas9 method. We found that
inhibition of mTORC1 resulted in upregulation of elF4E phosphorylation and that this signal
crosstalk was mediated by Mnk2 but not by Mnkl. We also found that stimulation of cells by growth
factors resulted in uEregulation of Mnkl-mediated phosphorylation of elF4E but in suppression of
Mnk2-mediated elF4E phosphorylation, suggesting that Mnk2 is regulated, at least in part, by an
unidentified mechanism that would be different from the MAPK pathway but linked to the PI3K-mTOR
pathway. This study would raise the potential for combination treatments of mTOR and Mnk inhibitors
for tumor therapies.

MAP



(1) Mnk1 Mnk2 ~ MAP
/

MAP
Mnk1

eukaryotic initiation factor 4E; elFAE

elF4E mMRNA 57
m’GpppN
Mnkl Mnk2
Mnk1/2 ERK
p38MAP

elF4E  Ser209
Mol.Cell.Biol. 24, 6539, 2004

) elF4E

elF4E Chemistry &
Biology 21, 441, 2014

elF4E mTOR  Mnk
mTOR
PI3K elF4E
4E-BP
elF4E
Mnk elFAE

MRNA

HAIFHIERF BEIFIL ARLRSVGFIL

g
/
e
737\‘"/’" Mnk1/2 | Cercosporamide

MnkFEEH]

E/ \°7|‘»f P \, ®

verolimus

Torin1 .4E-BP

mTORBAEH|

3)
mTOR Mnk

Mol.Cell.Biol.27,7405,2007; Mol.Phar macol.
78, 778, 2010; Oncotarget 5, 8442, 2014
Mnk

Mnk1/2
Pten

Ueda et al. Proc.Natl.Acad.Sci.
USA, 107, 13985, 2010

mTOR Mnk
(1) mTOR Mnk
mTOR
Mnk
(2) Mnk1/2
Mnk
(3) mRNA
Translatome
mTOR/Mnk
mRNA

(1) Mnk1 Mnk2
Mnkl Mnk2
Mnkl Mnk2

2 Mnk1
Mnk1/Mnk2

Mnk1/2-
DKO HelLa Mnk-DKO
Mnkl Mnk2
elF4E  Ser209
mTOR
Mnk
mTORC1
Everolims mTOC1
Torinl

elF4E(Ser209)

mTORC2
elFAG(Ser1108)

(3) CRISPR/Cas9 HelLa
Mnk1 Mnk2
CRISPR  Cas9



pX330 Mnk1
Mnk2 2

PUREF-EX

HelLa

miR30-mimetic
Mnk1-7)

4)  Mnkl
ShRNA (Mnk1-5
pLMP

HEK293T Mnk1mAb

Mnk1 Mnk-DKO

(1) Mnk (Mnk1-KO,
Mnk2-KO, Mnk1/2- KO
)
Mnk
Mnk2-KO
elF4E
Mnk 1-KO elF4E
Mnk1
Mnk2

elF4E

2 Mnkl  Mnk2
Mnk1 Mnk2

Mnk1/2 KO
Mnk
Mnkl  ( ) Mnk2 (
) ( )
2

( Mnkl  Thr209 Thr214)

3) (MRNA
) Mnk- KO

(2D-DIGE)
Mnk1

KRIT1(Krev-interaction trapped 1)
KRIT1  Ras-MAP
KRIT1 mRNA
Mnk1

(4) miR30 RNA
Mnk1
mi
R30 RNA

Mnk1
elF4E

CRISPR/Cas9
(5) CRISPR/Cas9 Hela
Mnk1 Mnk2
HelLa
HEK T
HelLa

Mnk1/2 KO
Mnk1 Mnk2

Mnk1-KO Mnk2-KO

Mnk1-KO
Mnk1-KO

(6) HelLa
HEK T
Mnk1-KO MEF
elF4E
Mnk2
Mnkl Mnk2
Hela HEK?293T

Mnk1/2

(7) mTORC1
Everolimus
Everolimus Mnk1
Mnk2 elF4E
mTORC1 mTORC2
mTORC2 Mnk2
HelLa
Mnk-KO JNK
Mnk1-KO
elF4E JNK SP600125
CC-401
Mnk2-KO
Mnk2
JNK
Mnk1/Mnk2 ERK p38

Cendrowski, J., Fukunaga, R., Real, F. X.

11 8 : Mnkl1 is a novel acinar
cell-specific kinase required for exocrine
pancreatic  secretion and response to

pancreatitis in mice. Gut 64, 937 -947



(2015). DOI: 10.1136/gutjnl-2013-306068 o

CRISPR/Cas9
Mnk1/ Mnk2 HelLa

40
90
2P-0473 2017 12

http://www.oups.ac.jp/kenkyu/kenkyuushitu/s

eika.html
Mnk mTOR/Mnk
C-16-1 2016 10
@
FUKUNAGA, RIKIRO
N
IL-36y 40189965
P-AM-2-22 2016 10 @)
CRISPR/Cas9 ?)
Mnk1 HelLa
P-AM-2-32 2016 10
“)

az2-

P-AM-2-23 2016 10

P-AM-2-13 2016 10

2015, pp99-116




