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The JNK pathway modulates expression and phosphorylation
of 4E-BP1 in MING6 pancreatic -cells under oxidative
stress conditions

Ryu Tominaga ', Suguru Yamaguchi ', Chihiro Satake ', Masahiro Usui ', Yasuhiro Tanji ', Keiichi Kondo ',
Hideki Katagiri®, Yoshitomo Oka'* and Hisamitsu Ishihara '*

! Division of Molecular Metabolism and Diabetes, Tohoku University Graduate School of Medicine, Sendai, Miyagi, Japan
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3Division of Advanced Therapeutics for Metabolic Diseases, Center for Translational and Advanced Animal Research, Tohoku University
Graduate School of Medicine, Sendai, Japan
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Stress-mediated apoptosis may play a crucial role in loss of pancreatic B-cell mass, contributing to the development of diabetes. We have
recently identified that translational control involving the translational suppressor eIF4E binding protein-1 (4E-BP1) which is important for 3-
cell survival under endoplasmic reticulum (ER) stress. The Eiffebp! gene, encoding 4E-BP1, is a direct target of a transcription factor
activating transcription factor-4 (ATF4), a master regulator of gene expression in stress responses. In the current study, we investigated 4E-
BPI expression in mouse insulinoma line 6 (MING) cells treated with arsenite, an inducer of oxidative stress which is another contributor of 3-
cell loss. We found that arsenite-induced 4E-BP1 expression level was lower than that induced by thapsigargin, an ER stress inducer, although
ATF4 was similarly induced by these agents. The ratio of the dephosphorylated form of 4E-BP1, which has the highest activity, to
phosphorylated forms was, however, greater in MING cells treated with arsenite as compared to that in thapsigargin-treated cells. Arsenite-
induced 4E-BP1 mRNA and protein expressions were augmented by simultaneous treatment with a c-Jun N-terminal kinase (JNK) specific
inhibitor, SP600125. The agent also suppressed the level of the dephosphrylated form of 4E-BP1 in arsenite-treated MING celis. Thus, JINK
activated by oxidative stress is involved in the modulation of 4E-BP1 expression and phosphorylation in MING6 cells, which may contribute to
fine tuning of translational control under stress conditions. Copyright © 2010 John Wiley & Sons, Ltd.

KEY WORDS — oxidative stress; ER stress; 4E-BP1; JNK; pancreatic -cells

ABBREVIATIONS — ATF4, activating transcription factor-4; ATF6, activating transcription factor-6; CHOP, C/EBP-homologous protein;
elF2a, eukaryotic initiation factor-2a; eIF4E, eukaryotic initiation factor 4E; ER, endoplasmic reticulum; GRP78,
glucose-regulated protein 78kDa; IRE1, inositol requiring enzyme-1; ISR, integrated stress response; JNK, c-Jun N-
terminal kinase; MIN6, mouse insulinoma line 6; mTOR, mammalian target of rapamycin; PERK, PKR (double-
stranded-RNA-dependent protein kinase)-like endoplasmic reticulum kinase; PI3K, phosphoinositide 3-kinase; 4E-BP1,
¢IF4E binding protein-1;

INTRODUCTION

Decreased pancreatic 3-cell mass is a common feature in
subjects with type 2 diabetes mellitus."* Stress-mediated
apoptosis is considered as one of the causes of 3-cell loss.
Pancreatic B-cells are vulnerable to a variety of stress
conditions: continuous and abundant production of insulin
renders [-cells vulnerable to Endoplasmic reticulum (ER)
stress.> Low levels of expression of anti-oxidant proteins

*Correspondence to: Y. Oka, Division of Molecular Metabolism and
Diabetes, Tohoku University Graduate School of Medicine, 2-1 Seiryo-
machi, Aoba-ku, Sendai, Miyagi 980-8575, Japan. Tel: +81 22 717 7611,
Fax. +81 22 717 7612, E-mail: oka-y @mail.tains.tohoku.ac.jp

Copyright © 2010 John Wiley & Sons, Ltd.

make this cell types prone to oxidative stress-mediated cell
damage.* Furthermore, B-cells have been documented to be
more sensitive to hypoxic conditions.”

ER stress is triggered when the amount of unfolded and
misfolded proteins exceeds the folding capacity of the ER.
To cope with this stress, cells activate intracellular signalin%
pathways, termed the unfolded protein response (UPR).
Transducers of the UPR include three ER transmembrane
proteins: PKR (double-stranded-RNA-dependent protein
kinase)-like ER kinase (PERK), inositol requiring
enzyme-1 (IRE1), and activating transcription factor-6
(ATF6). These ER stress sensor proteins initiate three arms
of UPR to maintain ER homeostasis. The first step against
ER stress is to prevent the accumulation of newly
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