
46

1.   Identification of novel substrates of human mi-
togen-activated protein kinases and their roles 
in human cancer.

Seina Oe, Mariko Saito, Hitomi Seki, Yuji Kubota, 
and Mutsuhiro Takekawa

Sequential activation of protein kinases within 
MAPK cascades is an evolutionary-conserved mecha-
nism of intracellular signaling in the eukaryotic 
world. In mammals, at least three distinct subfamilies 
of MAPKs are present, namely, ERK, JNK, and p38.  
While the classical ERK MAPK is mainly activated by 
mitogenic stimuli, two relatively newly identified 
MAPKs, p38 and JNK, are preferentially activated by 
various environmental stresses. Therefore, p38 and 
JNK MAPKs are collectively called stress-activated 
protein kinases (SAPKs). Each of these MAPK cas-
cades can regulate several different and sometimes 
overlapping biological functions. In general, the ERK 
pathway mediates growth-promoting and anti-apop-
totic signaling, while the p38 and JNK pathways play 
pivotal roles in cellular stress responses such as 

growth arrest and apoptosis. In addition, the p38 and 
JNK pathways are involved in inflammatory respons-
es. Perturbation of these crucial signal transduction 
pathways is involved in the pathophysiology of vari-
ous life-threatening diseases, including cancer, auto-
immune diseases, and neurodegenerative disorders.

Since these MAPKs exert their biological effects 
through the phosphorylation of their specific sub-
strate proteins, identification of which is essential for 
understanding of regulatory mechanisms of critical 
biological phenomena. By developing a unique 
screening strategy using yeast cells, we have isolated 
several new types of human MAPK substrate pro-
teins from human cDNA libraries. These substrates 
include regulatory molecules for the expression of 
growth-promoting genes, and for cell cycle progres-
sion and centrosome integrity, and protein kinases 
and phosphatases that regulate cell proliferation and 
inflammation. We confirmed that these molecules 
were indeed directly phosphorylated by one (or 
more) of the human MAPKs in vitro and in vivo in re-
sponse to mitogenic and/or stress stimuli. Thus, these 
molecules are bona fide substrates of MAPKs. The 

Department of Basic Medical Sciences

Division of Cell Signaling and Molecular 
Medicine
分子シグナル制御分野

Professor Mutsuhiro Takekawa, M.D., Ph.D.
Assistant Professor Yuji Kubota, Ph.D.
Assistant Professor Takanori Nakamura, Ph.D.

教　授　博士（医学）　　武　川　睦　寛
助　教　博士（理学）　　久保田　裕　二
助　教　博士（理学）　　中　村　貴　紀

The aims of the ongoing research projects in our laboratory are to elucidate the 
regulatory mechanisms of intracellular signal transduction systems responsible for 
cell-fate decisions, such as MAP kinase cascades and Stress granules.  
Perturbation of these signaling systems is involved in a variety of life-threatening 
diseases, including cancer, autoimmune diseases, neurodegenerative disorders 
and type 2 diabetes.  Our laboratory also aims to develop new diagnostic or 
therapeutic tools for currently intractable disorders in which these pathways are 
involved.

03基礎医科学部門_3k.indd   4603基礎医科学部門_3k.indd   46 2022/04/12   17:50:322022/04/12   17:50:32



47

physiological relevance and pathological implications 
of these novel substrate proteins are currently under 
investigation in our laboratory.

2.  Role of stress granule assembly in regulation 
of cellular stress response.

Daisuke Yoshioka, Aoi Matsuda, Takanaori Naka-
mura, and Mutsuhiro Takekawa

In dealing with environmental stresses, human 
cells either activate defense mechanisms to survive or 
initiate apoptosis, depending on the level and type of 
stress. One of the major cellular defense mechanisms 
is the assembly of stress granules (SGs). SGs are cyto-
plasmic ribonucleoprotein foci that appear when eu-
karyotic cells are exposed to specific types of stress 
such as ER stress, heat shock, hypoxia or viral infec-
tion. The core components of SGs are large aggregates 
of stalled translation pre-initiation complexes that 
contain mRNA, 40S ribosomal subunits, translation 
initiation factors and several RNA-binding proteins 
(RBPs). In general, the assembly of SGs is triggered by 
stress-induced phosphorylation of eIF2α, and re-
quires self-oligomerization of certain RBPs such as 
G3BP. In cells under various stresses, eIF2α is phos-
phorylated by several different stress-sensing kinas-
es. Phosphorylation of eIF2α suppresses productive 
translation initiation by preventing formation of the 
eIF2-GTP-Met-tRNAi complex. Under the stress con-
ditions, specific RBPs such as G3BP1/2, instead of the 
ternary complex, interact with an mRNA in the 43S 
complex, leading to the assembly of a translationally 
stalled 48S complex. Self-oligomerization of RBPs by 
liquid-liquid phase separation (LLPS) promotes the 
formation of discrete cytoplasmic foci termed SGs. In 
addition to the standard mechanism, SGs can be 
formed by other mechanisms. For instance, drugs or 
lipid mediators that target eIF4F, such as pateamine 
A, hippuristanol and 15d-PGJ2, inhibit translation in-
itiation and thereby initiate SG assembly inde-
pendently of eIF2α phosphorylation.

We have previously reported that when cells are 
exposed to SG-inducing stresses, the signaling adap-
tor protein RACK1 is sequestered into SGs, and this 
sequestration inhibits the SAPK pathways and subse-
quent apoptosis. Thus, formation of SGs serves as a 
cellular adaptive defense mechanism and protects 
cells from apoptosis under adverse conditions, by 
regulating mRNA translation as well as by sequester-
ing signaling molecules. This year, we discovered 
novel SG-components including nucleotide-binding 
proteins, cytoskeletal proteins, and signaling mole-
cules. By analyzing some of these SG-components, we 
elucidated the molecular mechanism as to how SG 
assembly can broadly suppress stress-induced apop-
tosis, and unraveled a novel role of SG formation in 
cellular stress responses and in tumor progression. 
Furthermore, we also identified a novel molecular 

mechanism that elicits SG assembly under a certain 
type of stress conditions.   

4.  Regulation of the stress-responsive p38 and 
JNK MAPKs under stress conditions

Saeko Kawataki, Yukari Shiozaki, Hisashi Morii-
zumi, Noriko Nishizumi-Tokai, Takanori Nakamu-
ra, Yuji Kubota, Mutsuhiro Takekawa

We have previously identified three GADD45 
family proteins as activators of the MTK1 MAPKKK. 
Although the optimal stress stimuli for each gene are 
different, all GADD45 family genes are induced by 
various stress stimuli such as DNA-damaging rea-
gents and cytokines. Expression of any of these 
GADD45 proteins in cells leads to the activation of 
MTK1 and its downstream p38 and JNK MAPKs. 
GADD45-mediated activation of SAPK pathways is 
important particularly in the late phase of cellular 
stress responses, because it requires transcriptional 
induction and protein synthesis of GADD45 prior to 
activation of MTK1. Thus, GADD45-mediated MTK1 
activation provokes delayed and prolonged activa-
tion of SAPK signaling, which is particularly impor-
tant for cell fate decisions, such as apoptotic cell death 
and inflammation, under stress conditions. This year, 
by establishing MTK1 or GADD45 deficient cells, we 
investigated the regulation and function of MTK, and 
uncovered novel roles of MTK1 in DNA-damage re-
sponse, inflammation, and cell growth control. Fur-
thermore, using molecular imaging techniques, we 
elucidated unique spatio-temporal regulation of 
SAPK signaling molecules under certain stress condi-
tions, and identified its role in the regulation of 
stress-induced pro-inflammatory cytokine produc-
tion, apoptotic cell death, and embryonic develop-
ment.

5.   Identification  of  novel  genes  whose  expres-
sion is controlled by MAPK signaling path-
ways.

Ayaka Sakurai, Shiho Sameshima, Junichiro Nashi-
moto, Mariko Saito, Yusuke Takagi, Noriko Nishi-
zumi-Tokai, Yuji Kubota, and MutsuhiroTakekawa

The initial cellular response to various environ-
mental cues, such as growth factors, environmental 
stresses, and cytokines, is the transcriptional regula-
tion of a set of genes that control a wide variety of bi-
ological functions. MAPK signaling pathways are 
known to play crucial roles in this process. Previous 
studies have shown that MAPKs directly phosphoryl-
ate and activate a bunch of transcription factors and 
regulators. For instance, the transcription factor ELK-
1, which is a member of the ternary complex factor 
(TCF) subfamily, is a substrate of ERK. TCFs interact 
with a second transcription factor, serum response 
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factor (SRF), and these two transcription factors joint-
ly bind and activate serum response elements (SREs) 
in the promoters of immediately early genes (IEGs). 
Moreover, upon stress stimulation, p38 and JNK 
MAPKs directly phosphorylate activating transcrip-
tion factor 2 (ATF2). ATF2 binds either to CRE re-
sponse elements as a homodimer, or to both AP-1 and 
CRE sequences as a heterodimer, in which ATF2 
forms a complex with other members of the ATF fam-
ily or with Jun/Fos family members, thereby inducing 
target gene expression.

We have comprehensively searched for human 

genes whose expression is transcriptionally regulated 
by the MAPK signaling pathways, and have succeed-
ed in identifying dozens of such genes. Interestingly, 
these transcripts include not only protein-coding mR-
NAs but also various non-coding, functional RNAs. 
We confirmed that some of these transcripts were in-
deed expressed preferentially in cancer cells with hy-
per-ERK activity or in cells treated with certain types 
of stresses. The roles of these MAPK-dependent tran-
scripts in the regulation of cell fate decisions are cur-
rently under investigation in our laboratory.
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