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MiR-133a-3p inhibits the malignant progression of oesopha-
geal cancer by targeting CDCA8
Xin Wang1, Lihuan Zhu2, Xing Lin2, Yangyun Huang2 and Zha-
oxian Lin2

1Department of Thoracic Surgery, Nanyang Central Hospital, 
Guongnong Road, Nanyang City, Henan Province 473006, Chi-
na, 2Department of Thoracic Surgery, Shengli Clinical Medical 
College of Fujian Medical University, Fujian Provincial Hospi-
tal, 134 East Street, Gulou District, Fuzhou City, Fujian Province 
350001, China
The study aims to explore the interaction between miR-133a-
3p and cell division cycle associated 8 (CDCA8) in oesopha-
geal cancer (EC) and their effect on malignant behaviour of EC 
cells. Differential miRNAs and mRNAs were obtained from 
The Cancer Genome Atlas (TCGA) database. Quantitative real-
time PCR (qRT-PCR) was used to detect the expression levels of 
miR-133a-3p and CDCA8 mRNA in EC cells. Western blot was 
used to detect the expression of CDCA8 protein. CCK-8, flow 
cytometry and Transwell assays were conducted to detect cell 
proliferation, cell cycle and apoptosis, as well as migration and 
invasion, respectively. The targeting relationship between miR-
133a-3p and CDCA8 was verified by dual-luciferase reporter 
gene assay. In EC, miR-133a-3p expression was evidently low 
and CDCA8 expression was prominently high. MiR-133a-3p 
downregulated CDCA8 expression. A range of cell function ex-
periments revealed that CDCA8 promoted the proliferation, mi-
gration and invasion of EC cells, reduced cell cycle arrest in G0/
G1 phase and inhibited cell apoptosis, while miR-133a-3p could 
reverse the above effects by regulating CDCA8. MiR-133a-3p 
is a crucial tumour suppressor miRNA in EC, playing a tumour 
suppressor role by targeting CDCA8.
Key words: apoptosis, CDCA8, invasion, migration, miR-133a-
3p, proliferation

Nucleosome assembly protein 1 is a regulator of histone H1 
acetylation
Mitsuhiro Yoneda1,2, Kiyoshi Yasui1,3, Takeya Nakagawa1,2, Nao-
ko Hattori1,2 and Takashi Ito1,2

1Department of Biochemistry, Nagasaki University School of 
Medicine, 1‒12‒4 Sakamoto, Nagasaki 852‒8523, Japan, 2Na-

gasaki University Graduate School of Biomedical Sciences, 
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Acetylation of histone H1 is generally considered to activate 
transcription, whereas deacetylation of H1 represses transcrip-
tion. However, the precise mechanism of the acetylation is un-
known. Here, using chromatography, we identified nucleosome 
assembly protein 1 (NAP-1) as having inhibitory activity against 
histone H1 acetylation by acetyltransferase p300. We found that 
native NAP-1 interacts with H1 in a Drosophila crude extract. 
We also found that it inhibits the deacetylation of histone H1 by 
histone deacetylase 1. The core histones in nucleosomes were 
acetylated in a GAL4‒VP16 transcriptional activator-dependent 
manner in vitro. This acetylation was strongly repressed by hy-
poacetylated H1 but to a lesser extent by hyperacetylated H1. 
Consistent with these findings, a micrococcal nuclease assay 
indicated that hypoacetylated H1, which represses activator-
dependent acetylation, was incorporated into chromatin, whereas 
hyperacetylated H1 was not. To determine the contribution of 
NAP-1 to transcriptional regulation in vivo, we compared NAP-
1 knockdown (KD) with coactivator CREB-binding protein 
(CBP) KD using RNA sequencing in Drosophila Schneider 2 
cells. Most genes were downregulated rather than upregulated 
by NAP-1 KD, and those downregulated genes were also down-
regulated by CBP KD. Our results suggest that NAP-1 plays a 
role in transcriptional regulation by fine-tuning the acetylation of 
histone H1.
Key words: histone acetylationhistone deacetylase 1 (HDAC1)
linker histone H1NAP-1p300

Human TRPV1 and TRPA1 are receptors for bacterial quo-
rum sensing molecules
Naoya Tobita1, Kana Tsuneto1, Shigeaki Ito2 and Takeshi Yama-
moto1

1Tobacco Science Research Center, Japan Tobacco Inc., 6‒2 
Umegaoka, Aoba, Yokohama, Kanagawa 227‒8512, Japan, 
2Scientific Product Assessment Center, Japan Tobacco Inc., 6‒2 
Umegaoka, Aoba, Yokohama, Kanagawa 227‒8512, Japan
In this study, we investigated the activation of TRPV1 and 
TRPA1 by N-acyl homoserine lactones, quorum sensing mol-
ecules produced by Gram-negative bacteria, and the inhibitory 
effect of TRPV1 and TRPA1 by autoinducing peptides (AIPs), 
quorum sensing molecules produced by Gram-positive bacteria, 
using human embryonic kidney 293T cell lines stably expressing 
human TRPV1 and TRPA1, respectively. As a result, we found 
that some N-acyl homoserine lactones, such as N-octanoyl-L-
homoserine lactone (C8-HSL), N-nonanoyl-L-homoserine lactone 
(C9-HSL) and N-decanoyl-L-homoserine lactone (C10-HSL), 
activated both TRPV1 and TRPA1. In addition, we clarified that 
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some N-acyl homoserine lactones, such as N-3-oxo-dodecanoyl-
L-homoserine lactone (3-oxo-C12-HSL), only activated TRPV1 
and N-acyl homoserine lactones having saturated short acyl 
chain, such as N-acetyl-L-homoserine lactone (C2-HSL) and N-
butyryl-L-homoserine lactone (C4-HSL), only activated TRPA1. 
Furthermore, we found that an AIP, simple linear peptide 
CHWPR, inhibited both TRPV1 and TRPA1 and peptide having 
thiolactone ring DICNAYF, the thiolactone ring were formed 
between C3 to F7, strongly inhibited only the TRPV1. Although 
the specificity of TRPV1 and TRPA1 for quorum sensing mol-
ecules was different, these data suggest that both TRPV1 and 
TRPA1 would function as receptors for quorum sensing mol-
ecule produced by bacteria.
Key words: autoinducing peptides, N-acyl homoserine lactones, 
quorum sensing molecules, TRPA1, TRPV1, Abbreviations: 
AHL; N-acyl homoserine lactone; AhR; aryl hydrocarbon recep-
tor; AIP; autoinducing peptide; HSL; homoserine lactone; IL; 
interleukin; [Ca2+]i; intracellular Ca2+ concentration; IQGAP1; 
IQ-motif-containing GTPase-activating protein; LPS; lipopoly-
saccharide; PPAR; peroxisome proliferator activated receptor; 
T2R; taste receptor type 2; TRPA1; transient receptor potential 
cation channel; subfamily A; member 1; TRPM3; transient 
receptor potential cation channel; subfamily M; member 3; 
TRPM8; transient receptor potential cation channel; subfamily 
M; member 8; TRPV1; transient receptor potential cation chan-
nel; subfamily V; member 1; TRPV2; transient receptor poten-
tial cation channel; subfamily V; member 2; TRPV4; transient 
receptor potential cation channel; subfamily V; member 4; C2-
HSL; N-acetyl-L-homoserine lactone; C4-HSL; N-butyryl-L-
homoserine lactone; C6-HSL; N-hexanoyl-L-homoserine lactone; 
C7-HSL; N-heptanoyl-L-homoserine lactone; C8-HSL; N-octano-
yl-L-homoserine lactone; C9-HSL; N-nonanoyl-L-homoserine 
lactone; C10-HSL; N-decanoyl-L-homoserine lactone; C11-HSL; 
N-undecanoyl-L-homoserine lactone; C12-HSL; N-dodecanoyl-L-
homoserine lactone; C13-HSL; N-tridecanoyl-L-homoserine lac-
tone; C14-HSL; N-tetradecanoyl-L-homoserine lactone; C15-HSL; 
N-pentadecanoyl-L-homoserine lactone; C16-HSL; N-hexadec-
anoyl-L-Homoserine lactone; 3-oxo-C6-HSL; N-(β-ketocaproyl)-
L-homoserine lactone; 3-oxo-C8-HSL; N-3-oxo-octanoyl-L-
homoserine lactone; 3-oxo-C10-HSL; N-3-oxo-decanoyl-L-
homoserine lactone; 3-oxo-C12-HSL; N-3-oxo-dodecanoyl-L-
homoserine lactone; 3-oxo-C14-HSL; N-3-oxo-tetradecanoyl-L-
homoserine lactone; 3-oxo-C16-HSL; N-3-oxo-hexadecanoyl-
L-homoserine lactone; OH-C8-HSL; N-3-hydroxyoctanoyl-L-
homoserine lactone; OH-C10-HSL; N-3-hydroxydecanoyl-L-
homoserine lactone; C14:1-Δ9-cis-HSL; N-cis-tetradec-9Z-enoyl-
L-homoserine lactone; C16:1-Δ9-cis-HSL; N-cis-hexadec-9Z-
enoyl-L-homoserine lactone; C18:1-Δ9-cis-HSL; N-cis-
octadec-9Z-enoyl-L-homoserine lactone; 3-oxo-C14:1-Δ7-cis-
HSL; N-3-oxo-tetradec-7(Z)-enoyl-L-homoserine lactone; 3-oxo-

C16:1-Δ11-cis-HSL; N-3-oxo-hexadec-11(Z)-enoyl-L-homoserine 
lactone

Protein Structure

Structure of the Acinetobacter baumannii PmrA receiver do-
main and insights into clinical mutants aff ecting DNA bind-
ing and promoting colistin resistance
Samantha Palethorpe1, Morgan E Milton2, Everett C Pesci1 and 
John Cavanagh2

1Department of Microbiology and Immunology Brody School of 
Medicine East Carolina University Greenville, NC 27834 United 
States, 2Department of Microbiology and Immunology Brody 
School of Medicine East Carolina University Greenville, NC 
27834 United States
Acinetobacter baumannii is an insidious emerging nosocomial 
pathogen that has developed resistance to all available antimi-
crobials, including the last resort antibiotic, colistin. Colistin 
resistance often occurs due to mutations in the PmrAB two-
component regulatory system. To better understand the regula-
tory mechanisms contributing to colistin resistance, we have 
biochemically characterized the A. baumannii PmrA response 
regulator. Initial DNA-binding analysis shows that A. baumannii 
PmrA bound to the Klebsiella pneumoniae PmrA box motif. This 
prompted analysis of the putative A. baumannii PmrAB regu-
lon that indicated that the A. baumannii PmrA consensus box is 
5 ′-HTTAAD N5 HTTAAD. Additionally, we provide the first 
structural information for the A. baumannii PmrA N-terminal 
domain through X-ray crystallography and we present a full-
length model using molecular modelling. From these studies, 
we were able to infer the effects of two critical PmrA mutations, 
PmrA::I13M and PmrA::P102R, both of which confer increased 
colistin resistance. Based on these data, we suggest structural 
and dynamic reasons for how these mutations can affect PmrA 
function and hence encourage resistive traits. Understanding 
these mechanisms will aid in the development of new targeted 
antimicrobial therapies.
Key words: Acinetobacter baumannii, colistin resistance, PmrA, 
response regulator, two-component system

Enzymology

Characterization of recombinant murine GDE4 and GDE7, 
enzymes producing lysophosphatidic acid and/or cyclic phos-
phatidic acid
Binderiya Tserendavga1, Noriyasu Ohshima1, Chiaki Fujita1, 
Koji Yuzawa2, Mari Ohshima1, Noriyuki Yanaka3, Yoji Andrew 
Minamishima1 and Takashi Izumi1,4

1Department of Biochemistry, Gunma University Graduate 
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of Pharmaceutical Analysis, ENVIRONMENTAL TECHNICAL 
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Molecular and Applied Bioscience, 3Graduate School of Bio-
sphere Science, Hiroshima University, Higashi-Hiroshima, Hiro-
shima 739‒8528, Japan, 4Faculty of Health Care, Teikyo Heisei 
University, Tokyo 170‒8445, Japan
GDE4 and GDE7 are membrane-bound enzymes that exhibit ly-
sophospholipase D activities. We found that GDE7 produced not 
only lysophosphatidic acid (LPA) but also cyclic phosphatidic 
acid (cPA) from lysophospholipids by a transphosphatidylation 
reaction. In contrast, GDE4 produced only LPA. The analysis of 
substrate specificity showed that 1-alkyl-lysophosphospholipids 
were preferred substrates for both enzymes rather than 1-alkyl-
lysophospholipids and 1-alkenyl-lysophospholipids. Among the 
various lysophospholipids with different polar head groups that 
were tested, lysophosphatidylglycerol and lysophosphatidylser-
ine were preferred substrates for GDE4 and GDE7, respectively. 
The detailed analysis of the dependency of the enzyme activi-
ties of GDE4 and GDE7 on divalent cations suggested multiple 
divalent cations were bound in the active sites of both enzymes. 
Taken together, these results suggest the possibility that GDE7 
functions as a cPA-producing enzyme in the body.
Key words: cyclic phosphatidic acid, GDE4, GDE7, lysophos-
phatidic acid, lysophospholipase D
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SI-MOIRAI: a new method to identify and quantify the met-
abolic fate of nucleotides
Yoshiki Ikeda1,2, Akiyoshi Hirayama3, Satoshi Kofuji1,4, Yoshi-
hisa Hirota1,5, Ryo Kamata2, Natsuki Osaka2, Yuki Fujii6, Mika 
Sasaki1, Satsuki Ikeda3, Eric P Smith1, Robert Bachoo7,8, Tomoy-
oshi Soga2 and Atsuo T Sasaki1,2,9,10

1Division of Hematology and Oncology, Department of Internal 
Medicine, University of Cincinnati College of Medicine, Vontz 
Center #1328, 3125 Eden Ave., Cincinnati, OH 45267‒0508, 
USA, 2Department of Molecular Genetics, Institute of Biomedi-
cal Science, Kansai Medical University, 2‒5‒1 Shinmachi, Hi-
rakata, Osaka 573‒1010, Japan, 3Institute for Advanced Biosci-
ences, Keio University, 246‒2 Mizukami, Kakuganji, Tsuruoka 
997‒0052, Japan, 4Department of Developmental and Regen-
erative Biology, Medical Research Institute, Tokyo Medical 
and Dental University (TMDU), 1‒5‒45 Yushima, Bunkyo-Ku, 
Tokyo 113‒8510, Japan, 5Department of Bioscience and Engi-
neering, College of Systems Engineering and Science, Shibaura 
Institute of Technology, 307 Fukasaku, Minuma-Ku, Saitama 
337‒8570, Japan, 6Graduate School of Science, Osaka City Uni-
versity, 3‒3‒138 Sugimoto, Sumiyoshi-ku, Osaka 558‒8585, 
Japan, 7Department of Internal Medicine; Harold C. Simmons 
Comprehensive Cancer Center; Annette G. Strauss Center for 
Neuro-Oncology, University of Texas Southwestern Medical 
Center, 5303 Harry Hines Blvd., Dallas, TX 75390, USA, 8De-
partment of Neurology and Neurotherapeutics, University of 

Texas Southwestern Medical Center, 5323 Harry Hines Blvd., 
Dallas, TX 75390, USA, 9Department of Cancer Biology, Uni-
versity of Cincinnati College of Medicine, 3230 Eden Ave., Cin-
cinnati, OH 45267, USA, 10Department of Neurosurgery, Brain 
Tumor Center at UC Gardner Neuroscience Institute, 3230 Eden 
Ave., Cincinnati, OH 45267, USA
Since the discovery of nucleotides over 100 years ago, extensive 
studies have revealed the importance of nucleotides for homeo-
stasis, health and disease. However, there remains no estab-
lished method to investigate quantitatively and accurately intact 
nucleotide incorporation into RNA and DNA. Herein, we report 
a new method, Stable-Isotope Measure Of Influxed Ribonucleic 
Acid Index (SI-MOIRAI), for the identification and quantifica-
tion of the metabolic fate of ribonucleotides and their precursors. 
SI-MOIRAI, named after Greek goddesses of fate, combines a 
stable isotope-labelling flux assay with mass spectrometry to 
enable quantification of the newly synthesized ribonucleotides 
into r/m/tRNA under a metabolic stationary state. Using glio-
blastoma (GBM) U87MG cells and a patient-derived xenograft 
(PDX) GBM mouse model, SI-MOIRAI analyses showed that 
newly synthesized GTP was particularly and disproportionally 
highly utilized for rRNA and tRNA synthesis but not for mRNA 
synthesis in GBM in vitro and in vivo. Furthermore, newly syn-
thesized pyrimidine nucleotides exhibited a significantly lower 
utilization rate for RNA synthesis than newly synthesized purine 
nucleotides. The results reveal the existence of discrete pathways 
and compartmentalization of purine and pyrimidine metabolism 
designated for RNA synthesis, demonstrating the capacity of SI-
MOIRAI to reveal previously unknown aspects of nucleotide 
biology.
Key words: cancer metabolism, flux analysis, glioblastoma 
(GBM), mass spectrometry, metabolomics, nucleotide metabo-
lism
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Circ_0000514 promotes breast cancer progression by regu-
lating the miR-296-5p/CXCL10 axis
Liangping Li1, Gang Feng1, Tao Chen1 and Lijun Zhang2

1Department of Thyroid Breast Surgery, Yichang Central People’
s Hospital, The First College of Clinical Medical Science, China 
Three Gorges University, Yichang 443000, Hubei, China, 2De-
partment of Breast Surgery, The First People’s Hospital of Jing-
zhou, Jingzhou 434000, Hubei, China
The biological function of circular RNA 0000514 (circ_0000514) 
in breast cancer (BC) is still unknown. In this study, we down-
loaded the microarray dataset GSE101123 from Gene Expression 
Omnibus database and then analysed the differentially expressed 
circular RNAs in BC tissues compared with adjacent tissues, and 
we demonstrated that circ_0000514 was up-regulated in BC tis-



311

生化学 第 94巻第 2号（2022）

sues. Circ_0000514, miR-296-5p and CXC chemokine ligand10 
(CXCL10) expressions in BC tissues and cell lines were probed 
by quantitativereal-time polymerase chain reaction and Western 
blot. Cell counting kit-8, 5-bromo-2 ′-deoxyuridine and transwell 
assays were adopted to determine the cell viability, proliferation, 
migration and invasion. The targeting relationship between miR-
296-5p and circ_0000514 or CXCL10 3 ′-UTR was predicted by 
bioinformatics and validated by dual-luciferase reporter assay. 
We demonstrated that circ_0000514 and CXCL10 expressions 
were raised in BC tissues and cell lines while miR-296-5p ex-
pression was declined. Circ_0000514 knockdown could inhibit 
the proliferation, migration and invasion of BC cells and miR-
296-5p overexpression also suppressed the malignant pheno-
types of BC cells. Mechanistically, miR-296-5p was identified 
as the downstream target of circ_0000514 and could be inhibited 
by circ_0000514. Moreover, CXCL10 was the target of miR-
296-5p, whose expression could be indirectly and positively reg-
ulated by circ_0000514. In conclusion, circ_0000514 is involved 
in BC progression via regulating miR-296-5p/CXCL10 axis.
Key words: proliferation, miR-296-5p, migration, invasion, 
CXCL10, circ_0000514
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Electrical polarity-dependent gating and a unique subcon-
ductance of RyR2 induced by S-adenosyl methionine via the 
ATP binding site 
Angela J Kampfer1 and Edward M Balog1

1School of Biological Sciences, Georgia Institute of Technology, 
555 14th St NW, Atlanta, Georgia
S-Adenosyl-L-methionine (SAM) was used to probe the func-
tional effects exerted via the cardiac RyR isoform (RyR2) 
adenine nucleotide binding site. Single channel experiments 
revealed that SAM applied to the cytoplasmic face of RyR2 had 
complex voltage dependent effects on channel gating and con-
ductance. At positive transmembrane holding potentials, SAM 
caused a striking reduction in channel openings and a reduced 
channel conductance. In contrast, at negative potentials, SAM 
promoted a clearly resolved subconductance state. At membrane 
potentials between −75 and −25 mV, the open probability of 
the subconductance state was independent of voltage. ATP, but 
not the non-adenosine-based ryanodine receptor (RyR) activator 
4-chloro-m-cresol, interfered with the effects of SAM at both 
negative and positive potentials. This suggests that ATP and 
SAM interact with a common binding site. Molecular docking 
showed SAM bound to the adenine nucleotide binding site and 
formed a hydrogen bond to Glu4886 in the C-terminal end of the 
S6 alpha helix. In this configuration, SAM may alter the confor-
mation of the RyR2 ion conduction pathway. This work provides 
novel insight into potential functional outcomes of ligand bind-

ing to the RyR adenine nucleotide binding site.
Key words: adenine nucleotides; calcium channel; excitation‒
contraction coupling; ryanodine receptor, sarcoplasmic reticulum
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Lemur tail kinase 1 (LMTK1) regulates the endosomal local-
ization of β-secretase BACE1
Keisuke Komaki1, Tetsuya Takano1, Yutaka Sato1, Akiko Asada1, 
Shikito Ikeda1, Kaoru Yamada2, Ran Wei1, Anni Huo1, Aoi Fu-
kuchi1, Taro Saito1, Kanae Ando1, Shigeo Murayama3, Wataru 
Araki4, Fuyuki Kametani3, Masato Hasegawa3, Takeshi Iwat-
subo2, Mineko Tomomura5, Mitsunori Fukuda6 and Shin-ichi 
Hisanaga1,3

1Department of Biological Sciences, Graduate School of Sci-
ence, Tokyo Metropolitan University, Minami-Osawa, Hachioji, 
Tokyo 192‒0397, Japan, 2Department of Neuropathology, 
Graduate School of Medicine, the University of Tokyo, Bunkyo, 
Tokyo 113‒0033, Japan, 3Tokyo Metropolitan Institute of Geron-
tology, Itabashi, Tokyo 173‒0015, Japan, 4Department of Demy-
elinating Disease and Aging, National Institute of Neuroscience, 
NCNP, Kodaira, Tokyo 187‒8502, Japan, 5Department of Oral 
Health Sciences, Meikai University School of Health Sciences, 
Urayasu, Chiba 279‒9950, Japan, 6Department of Integrative 
Life Sciences, Graduate School of Life Sciences, Tohoku Uni-
versity, Aoba-ku, Sendai, Miyagi 980‒8578, Japan
Lemur tail kinase 1 (LMTK1), previously called apoptosis-asso-
ciated tyrosine kinase (AATYK), is an endosomal Ser/Thr kinase. 
We recently reported that LMTK1 regulates axon outgrowth, den-
drite arborization and spine formation via Rab11-mediated vesicle 
transport. Rab11, a small GTPase regulating recycling endosome 
trafficking, is shown to be associated with late-onset Alzheimer’s 
disease (LOAD). In fact, genome-wide association studies identi-
fied many proteins regulating vesicle transport as risk factors for 
LOAD. Furthermore, LMTK1 has been reported to be a risk factor 
for frontotemporal dementia. Then, we hypothesized that LMTK1 
contributes to AD development through vesicle transport and ex-
amined the effect of LMTK1 on the cellular localization of AD-
related proteins, amyloid precursor protein (APP) and β-site APP 
cleaving enzyme 1 (BACE1). The β-cleavage of APP by BACE1 
is the initial and rate-limiting step in Aβ generation. We found that 
LMTK1 accumulated BACE1, but not APP, to the perinuclear 
endosomal compartment, whereas the kinase-negative(kn) mu-
tant of LMTK1A did not. The β-C-terminal fragment was prone 
to increase under overexpression of LMTK1A kn. Moreover, the 
expression level of LMTK1A was reduced in AD brains. These 
results suggest the possibility that LMTK1 is involved in AD de-
velopment through the regulation of the proper endosomal local-
ization of BACE1.
Key words: AATYK, Alzheimer’s disease, BACE1, LMTK1, 
Rab11
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JB Special Issue―Review

Fifty years of Protein Data Bank in the Journal of Biochem-
istry
Genji Kurisu1

1Institute for Protein Research, Osaka University, 3‒2 Yamada-
oka, Suita, Osaka 565‒0871, Japan
Protein Data Bank (PDB), jointly founded in 1971 by Brookhav-
en National Laboratory, USA, and the Cambridge Crystal-
lographic Data Centre, UK, is the single global archive of ex-
perimentally determined biological macromolecular structures. 
PDB deposition is mandatory for publication in most scientific 
journals, which means ‘no PDB deposition, no structural pub-
lication’. The current PDB archive contains more than 180,000 
entries and includes many structures from Asian institutions. The 
first protein structure from Japan was that of cytochrome c deter-
mined by Prof Masao Kakudo’s group at the Institute for Protein 
Research, Osaka University, in 1971 at a resolution of 4 Å, and 
a subsequent atomic structure at 2.3 Å resolution was deposited 
to PDB in 1976 as the 1st Asian and 21st entry of the entire PDB 
archive. Since then, 317 protein structures whose primary cita-
tion was the Journal of Biochemistry (J. Biochem.) have been 
deposited to PDB. Based on this long history between PDB and J. 
Biochem., a statistical analysis of all structural reports in J. Bio-
chem. has been carried out using the relational database system 
at PDBj (https://pdbj.org) and reviewed the yearly distribution, 
resolution, quality of structure, type of target protein, number of 
citations and comparison against other major journals.
Key words: X-ray crystallography, The Journal of Biochemistry, 
Protein Data Bank Japan, Protein Data Bank, nuclear magnetic 
resonance

JB Special Issue―Commentaries

Crystallographic studies of cytochrome c and cytochrome c 
oxidase
Tomitake Tsukihara1,2

1Graduate School of Life Science, University of Hyogo, 3‒2‒1 
Koto, Kamigori-cho, Akoh-gun, Hyogo 678‒1297, Japan, 2In-
stitute for Protein Research, Osaka University, 3‒2 Yamadaoka, 
Suita, Osaka 565‒0871, Japan, 2Institute for Protein Research, 
Osaka University, 3‒2 Yamadaoka, Suita, Osaka 565‒0871, Ja-
pan
I started on crystallographic studies of cytochrome c (Cyt.c) 

in the later 1960s at the Institute for Protein Research, Osaka 
University. The institute successfully built the structural model 
of ferro-Cyt.c by the multiple heavy atom replacement method 
in the early 1970s. In the early 1990s, crystals of cytochrome c 
oxidase (CcO) from bovine heart were obtained by using poly-
ethylene glycol 4000 (Sigma) as the precipitant. We reported the 
first structure of a mammalian membrane protein at 2.8 Å resolu-
tion in 1995. High-resolution crystallography of CcO is in prog-
ress to understand the coupling mechanism of O2 reduction and 
proton pumping. We determined the structure of the mammalian 
Cyt.c‒CcO complex at 2.0 Å resolution and identified the ‘soft 
and specific’ interaction between Cyt.c and CcO, which affected 
high-efficiency inter-molecular electron transfer.

A retrospect of the structure determination of Taka-amylase A
Masami Kusunoki1

1Department of Biotechnology, Faculty of Life and Environmen-
tal Sciences, University of Yamanashi, 4‒4‒37 Takeda, Kofu 
City, Yamanashi 400‒8510, Japan
The 3D structure of Taka-amylase A was determined by X-ray 
crystal analysis at 3 Å resolution by Masao Kakudo’s laboratory 
at the Institute for Protein Research, Osaka University, in 1980. 
Seven kinds of heavy atom derivatives were used for phase de-
termination. There are three copies of Taka-amylase molecules 
in the asymmetric unit, which improved the quality of electron 
density maps, leading to the completion of a molecular model 
with 478 amino acids. The structure determination process in 
those days is described briefly.
Key words: crystal, X-ray Crystallography Methods, amylase, 
Catalysis Enzyme, Glycoproteins

Forty years of the structure of plant-type ferredoxin
Genji Kurisu1 and Tomitake Tsukihara1,2

1Institute for Protein Research, Osaka University, 3‒2 Yamadao-
ka, Suita, Osaka 565‒0871, Japan, 2Graduate School of Life Sci-
ence, University of Hyogo, 3‒2‒1 Koto, Kamigori-cho, Akoh-
gun, Hyogo 678‒1297, Japan
The X-ray structure of a [2Fe‒2S]-type ferredoxin (Fd) from 
Spirulina platensis, solved by a collaborative group led by Profs 
Masao Kakudo, Yukiteru Katsube and Hiroshi Matsubara, was 
the first high-resolution structure of a plant-type Fd deposited 
in the Protein Data Bank. The main chain structure, comprising 
a [2Fe-2S] cluster ligated by four conserved cysteine residues, 
together with a molecular evolutionary study based on a series 
of amino acid sequence determinations, was reported in Nature 
in 1980. The consequent detailed crystallographic analysis, 
including crystallization, heavy atom derivatization, data col-
lection, phase calculation and model building, was published 
by the same group in the Journal of Biochemistry in 1981. The 
pioneering X-ray analysis of S. platensis Fd at 2.5 Å resolution 



313

生化学 第 94巻第 2号（2022）

was a key milestone in structural research on the photosynthetic 
electron transport chain, informing related and challenging stud-
ies on other components of the photosynthetic electron transfer 
chain.
Key words: X-ray crystallography, Protein Data Bank, photosyn-
thesis, ferredoxin, electron transport

Crystal structure of endocrine-disrupting chemical bisphenol 
A and estrogen-related receptor γ
Ayami Matsushima1, Takamasa Teramoto2 and Yoshimitsu Ka-
kuta2

1Laboratory of Structure-Function Biochemistry, Department 
of Chemistry, Faculty of Science, Kyushu University, Fukuoka 
819‒0395, Japan, 2Laboratory of Biophysical Chemistry, Depart-
ment of Bioscience and Biotechnology, Faculty of Agriculture, 
Kyushu University, Fukuoka 819‒0395, Japan
The human estrogen-related receptor γ (ERRγ) is an orphan 
nuclear receptor. The ERRγ behaves as a constitutive activator 
of transcription and plays a key role in controlling mitochondrial 
energy production and energy metabolism. Bisphenol A (BPA) is 
used mainly in producing polycarbonate plastics and epoxy res-
ins, but it is known as an endocrine disruptor and strongly binds 
to ERRγ. We determined the crystal structure of ERRγ in com-
plex with BPA. Our structure revealed the molecular mechanism 
of BPA recognition by ERRγ, in which BPA is well anchored 
to its ligand-binding pocket. Our structure is the first report of 
the complex between a nuclear receptor and endocrine disruptor 
BPA. This structural analysis had a profound impact on subse-
quent studies of endocrine disruptors.
Key words: X-ray crystallography, Protein Data Bank, estrogen-
related receptor γ, endocrine-disrupting chemical, bisphenol A

The crystal structure of D-amino acid oxidase with a sub-
strate analog, o-aminobenzoate
Ikuko Miyahara1

1Graduate School of Science, Osaka City University, Osaka 
558‒8585, Japan
Since the discovery of D-amino acid oxidase (DAO) in 1935, 
many studies have been conducted without clarifying its 3D 
structure for a long time. In 1996, the crystal structure of DAO 
was determined, and it was shown that the catalytic bases re-
quired for the two catalytic mechanisms were not present in the 
active site. The crystal structure of DAO in complex with o-
aminobenzoate was solved and is used for modeling Michaelis 
complex. The Michaelis complex model provided structural 
information leading to a new mechanism for reductive half-re-
action of DAO. Currently, DAO is being researched for medical 
and applied purposes.
Key words: D-amino acid oxidase, enzyme mechanism, flavin 
adenine dinuclotide, Michaelis complex model, x-ray crystallog-

raphy

BIOCHEMISTRY
Protein Structure

Structural insights into the enhanced thermostability of cys-
teine substitution mutants of L-histidine decarboxylase from 
Photobacterium phosphoreum
Yuki Oda1, Kunio Nakata1, Hiroshi Miyano1, Toshimi Mizuko-
shi1, Hiroki Yamaguchi1 and Tatsuki Kashiwagi1

1Ajinomoto Co., Inc., Kawasaki, Kanagawa 210‒8681, Japan
Enzymatic amino acid assays are important in physiological 
research and clinical diagnostics because abnormal amino acid 
concentrations in biofluids are associated with various diseases. 
L-histidine decarboxylase from Photobacterium phosphoreum 
(PpHDC) is a pyridoxal 5 ′-phosphate-dependent enzyme and a 
candidate for use in an L-histidine quantitation assay. Previous 
cysteine substitution experiments demonstrated that the PpHDC 
C57S mutant displayed improved long-term storage stability 
and thermostability when compared with those of the wild-type 
enzyme. In this study, combinational mutation experiments of 
single cysteine substitution mutants of PpHDC were performed, 
revealing that the PpHDC C57S/C101 V/C282 V mutant pos-
sessed the highest thermostability. The stabilizing mechanism 
of these mutations was elucidated by solving the structures of 
PpHDC C57S and C57S/C101 V/C282 V mutants by X-ray crys-
tallography. In the crystal structures, two symmetry-related PpH-
DC molecules form a domain-swapped homodimer. The side 
chain of S57 is solvent exposed in the structure, indicating that 
the C57S mutation eliminates chemical oxidation or disulfide 
bond formation with a free thiol group, thereby providing greater 
stability. Residues 101 and 282 form hydrophobic interactions 
with neighboring hydrophobic residues. Mutations C101 V and 
C282 V enhanced thermostability of PpHDC by filling a cavity 
present in the hydrophobic core (C101 V) and increasing hydro-
phobic interactions.
Key words: thermostable mutant, thermostability, protein en-
gineering, histidine decarboxylase, crystal structure, Abbrevia-
tions: AADCs, amino acid decarboxylase; ASA, accessible sur-
face area; CL, catalytic loop; HDC, L-histidine decarboxylase; 
HDH, histamine dehydrogenase; HsHDC, HDC from humans; 
LL, long loop; 1-methoxy PMS, 1-methoxy-5-methylphen-
azinium methylsulfate; MjTDC, tyrosine decarboxylase from 
Methanocaldococcus jannaschii; MR, molecular replacement; 
PLP, pyridoxal 5 ′-phosphate; PpHDC, L-histidine decarboxylase 
from Photobacterium phosphoreum; PpHDC-SM, PpHDC C57S 
mutant; PpHDC-TM, PpHDC C57S/C101 V/C282 V mutant; 
(WST)-8, water-soluble tetrazolium salt; WT, wild-type



314

生化学 第 94巻第 2号（2022）

Reactive Oxygen and Nitrogen Species

Development of cisplatin resistance in breast cancer MCF7 
cells by up-regulating aldo-keto reductase 1C3 expression, 
glutathione synthesis and proteasomal proteolysis
Mio Kobayashi1, Ayano Yonezawa1, Hiroaki Takasawa1, Yukino 
Nagao2, Kazuhiro Iguchi3, Satoshi Endo1, Akira Ikari1and Toshi-
yuki Matsunaga2

1Laboratory of Biochemistry, Gifu Pharmaceutical University, 
1‒25‒4 Daigaku-nishi, Gifu 501‒1196, Japan, 2Education Center 
of Green Pharmaceutical Sciences, Gifu Pharmaceutical Univer-
sity, 5‒6‒1 Mitahora-higashi, Gifu 502‒8585, Japan, 3Labora-
tory of Community Pharmacy, Gifu Pharmaceutical University, 
1‒25‒4 Daigaku-nishi, Gifu 501‒1196, Japan
Cisplatin (CDDP) is widely prescribed for the treatment of 
various cancers including bladder cancers, whereas its clini-
cal use for breast cancer chemotherapy is restricted owing to 
easy acquisition of the chemoresistance. Here, we established 
a highly CDDP-resistant variant of human breast cancer MCF7 
cells and found that procuring the resistance aberrantly elevates 
the expression of aldo-keto reductase (AKR) 1C3. Additionally, 
MCF7 cell sensitivity to CDDP was decreased and increased 
by overexpression and knockdown, respectively, of AKR1C3, 
clearly inferring that the enzyme plays a crucial role in acquiring 
the CDDP resistance. The CDDP-resistant cells suppressed the 
formation of cytotoxic reactive aldehydes by CDDP treatment, 
and the suppressive effects were almost completely abolished 
by pretreating with AKR1C3 inhibitor. The resistant cells also 
exhibited the elevated glutathione amount and 26S proteasomal 
proteolytic activities, and their CDDP sensitivity was significant-
ly augmented by pretreatment with an inhibitor of glutathione 
synthesis or proteasomal proteolysis. Moreover, the combined 
treatment with inhibitors of AKR1C3, glutathione synthesis and/
or proteasomal proteolysis potently overcame the CDDP resis-
tance and docetaxel cross-resistance. Taken together, our results 
suggest that the combination of inhibitors of AKR1C3, glutathi-
one synthesis and/or proteasomal proteolysis is effective as an 
adjuvant therapy to enhance CDDP sensitivity of breast cancer 
cells.
Key words: aldo-keto reductase 1C3, breast cancer, chemoresis-
tance, cisplatin, glutathione

Biochemistry in Cell Membranes

Differential use of p24 family members as cargo receptors 
for the transport of glycosylphosphatidylinositol-anchored 
proteins and Wnt1
Yuko Tashima1,2, Tetsuya Hirata1,3, Yusuke Maeda1, Yoshiko Mu-
rakami1 and Taroh Kinoshita1

1Research Institute for Microbial Diseases, and WPI Immunol-
ogy Frontier Research Center, Osaka University, 3‒1 Yamada-

oka, Suita, Osaka 565‒0871, Japan, 2Department of Molecular 
and Cellular Biology, Nagoya University Graduate School of 
Medicine, Nagoya, Aichi 466‒8550, Japan, 3Center for Highly 
Advanced Integration of Nano and Life Sciences, Gifu Univer-
sity, Gifu 501‒1193, Japan
Complexes of p24 proteins act as cargo receptors for the trans-
port of COPII vesicles from the endoplasmic reticulum (ER). 
The major cargos of p24 complexes are hydrophilic proteins 
tethered to the ER membrane via a covalently attached glyco-
sylphosphatidylinositol (GPI) or fatty acid. Each p24 complex is 
known to contain members from all four p24 subfamilies (p24
α, p24β, p24γ and p24δ). However, it remains unclear how the 
cargo specificities of p24 complexes are influenced by mem-
ber stoichiometry. Here, we report the subunit compositions of 
mammalian p24 complexes involved in the transport of GPI-
anchored proteins and Wnt1. We show that at least one p24α is 
required for the formation of p24 complexes and that a p24 com-
plex consisting of p24α2, p24β1, p24γ2 and p24δ1 is required 
for the efficient transport of GPI-anchored proteins. On the other 
hand, a p24 complex containing p24α2, p24α3, p24β1, p24γ and 
p24δ1 is involved in the transport of Wnt1. Further, interactions 
between p24α2 and p24α3 are critical for Wnt1 transport. Thus, 
p24α and p24γ subfamily members are important for cargo selec-
tivity. Lastly, our data fit with an octamer, rather than a tetramer, 
model of p24 complexes, where each complex consists of two 
proteins from each p24 subfamily.
Key words: GPI-anchored proteins, p24 complex, subunit com-
position, transport, Wnt1

Biochemistry in Diseases and Aging

Capn4 aggravates angiotensin II-induced cardiac hypertro-
phy by activating the IGF-AKT signalling pathway
Yuanping Cao1, Qun Wang1, Caiyun Liu2, Wenjun Wang1, 
Songqing Lai1, Huaxi Zou1, Ende Tao1, Fudong Wang1 and Li 
Wan1

1Department of Cardiac Surgery, The First Affiliated Hospital of 
Nanchang University, Nanchang, Jiangxi 330006, China, 2Oper-
ating Room, The First Affiliated Hospital of Nanchang Univer-
sity, Nanchang, Jiangxi 330006, China
Capn4 belongs to a family of calpains that participate in a wide 
variety of biological functions, but little is known about the role 
of Capn4 in cardiac disease. Here, we show that the expression 
of Capn4 was significantly increased in Angiotensin II (Ang II)-
treated cardiomyocytes and Ang II-induced cardiac hypertrophic 
mouse hearts. Importantly, in agreement with the Capn4 expres-
sion patterns, the maximal calpain activity measured in heart 
homogenates was elevated in Ang II-treated mice and oral coad-
ministration of SNJ-1945 (calpain inhibitor) attenuated the total 
calpain activity measured in vitro. Functional assays indicated 
that overexpression of Capn4 obviously aggravated Ang II-in-
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duced cardiac hypertrophy, whereas Capn4 knockdown resulted 
in the opposite phenotypes. Further investigation demonstrated 
that Capn4 maintained the activation of the insulin-like growth 
factor (IGF)-AKT signalling pathway in cardiomyocytes by in-
creasing c-Jun expression. Mechanistic investigations revealed 
that Capn4 directly bound and stabilized c-Jun and knockdown 
of Capn4 increased the ubiquitination level of c-Jun in cardio-
myocytes. Additionally, our results demonstrated that the antihy-
pertrophic effect of Capn4 silencing was partially dependent on 
the inhibition of c-Jun. Overall, these data suggested that Capn4 
contributes to cardiac hypertrophy by enhancing the c-Jun-
mediated IGF-AKT signalling pathway and could be a potential 
therapeutic target for hypertrophic cardiomyopathy.
Key words: IGF-AKT pathway, deubiquitination, c-Jun, cardiac 
hypertrophy, Capn4, Abbreviations: Angiotensin II (Ang II), 
insulin-like growth factor (IGF), Neonatal rat ventricular car-
diomyocyte (NRCM), co-immunoprecipitation (co-IP), brain 
natriuretic peptide (BNP), β-myosin heavy chain (β-MHC), cy-
cloheximide (CHX)

CREG1 administration stimulates BAT thermogenesis and 
improves diet-induced obesity in mice
Tatsuya Kusudo1, Tadashi Okada1, Michihiro Hashimoto1, Tama-
ki Takeuchi1, Yuki Endo1, Ayumi Niwa1 and Hitoshi Yamashita1

1Department of Biomedical Sciences, College of Life and Health 
Sciences, Chubu University, Kasugai 487‒8501, Japan
Brown and beige adipocytes, which express thermogenic uncou-
pling protein-1 (UCP1), stimulate glucose and lipid metabolism, 
improving obesity and metabolic diseases such as type 2 dia-
betes and hyperlipidemia. Overexpression of cellular repressor 
of E1A-stimulated genes 1 (CREG1) promotes adipose tissue 
browning and inhibits diet-induced obesity (DIO) in mice. In this 
study, we investigated the effects of CREG1 administration on 
DIO inhibition and adipose browning. Subcutaneous administra-
tion of recombinant CREG1 protein to C57BL/6 mice stimulated 
UCP1 expression in interscapular brown adipose tissue (IBAT) 
and improved DIO, glucose tolerance and fatty liver compared 
with those in phosphate-buffered saline-treated mice. Injection of 
Creg1-expressing adenovirus into inguinal white adipose tissue 
(IWAT) significantly increased browning and mRNA expression 
of beige adipocyte marker genes compared with that in mice 
injected with control virus. The effect of Creg1 induction on 
beige adipocyte differentiation was supported in primary culture 
using preadipocytes isolated from IWAT of Creg1-transgenic 
mice compared with that of wild-type mice. Our results indicate 
a therapeutic effect of CREG1 on obesity and its associated 
pathology and a potential of CREG1 to stimulate brown/beige 
adipocyte formation.
Key words: UCP1, obesity, CREG1, beige adipocyte, BAT

MOLECULAR BIOLOGY
Molecular Biology General

The dedicated chaperones of eL43, Puf6 and Loc1 can also 
bind RPL43 mRNA and regulate the production of this ribo-
somal protein
Le-Yun Yueh1, Yun-Ting Tseng1, Chih-Yi Chu1 and Kai-Yin Lo1

1Department of Agricultural Chemistry, College of Bioresources 
and Agriculture, National Taiwan University, Taipei 10617, Tai-
wan
The level of ribosome biogenesis is highly associated with cell 
growth rate. Because many ribosomal proteins have extraribo-
somal functions, overexpression or insufficient supply of these 
proteins may impair cellular growth. Therefore, the supply of 
ribosomal proteins is tightly controlled in response to rRNA 
syntheses and environmental stimuli. In our previous study, two 
RNA-binding proteins, Puf6 and Loc1, were identified as dedi-
cated chaperones of the ribosomal protein eL43, with which they 
associate to maintain its protein level and proper loading. In this 
study, we demonstrate that Puf6 and Loc1 interact with RPL43 
mRNA. Notably, Puf6 and Loc1 usually function as a dimeric 
complex to bind other mRNAs; however, in this instance, the 
individual proteins, but not the complex form, can bind RPL43 
mRNA. Thus, Puf6 or Loc1 could bind RPL43 mRNA in loc1Δ 
or puf6Δ, respectively. The binding of Puf6 or Loc1 caused 
negative effects for eL43 production: decreased RNA stability 
and translation of RPL43A/B mRNA. The present results sug-
gest that these dedicated chaperones control the protein levels of 
eL43 from the standpoint of stability and through regulating its 
production.
Key words: trans-acting factors, RNA binding proteins, ribo-
some biogenesis, post-transcriptional regulation, chaperone

Genes and Other Genetic Materials

Cloning and characterization of Thioredoxin 1 from the Cni-
darian Hydra
Nusrat Perween1,2, Komal Pekhale1, Gauri Haval1,3, Smriti Mittal3, 
Surendra Ghaskadbi4 and Saroj S Ghaskadbi1

1Department of Zoology, Savitribai Phule Pune University, Pune 
411007, India, 2Department of Zoology, Abeda Inamdar Senior 
College, Pune 411001, India, 3Department of Biotechnology, Sa-
vitribai Phule Pune University, Pune 411007, India 4Department 
of Zoology, Abasaheb Garware College, Pune 411004, India, 
4Developmental Biology Group, MACS-Agharkar Research In-
stitute, Pune 411004, India
Thioredoxins, small disulphide-containing redox proteins, play 
an important role in the regulation of cellular thiol redox bal-
ance through their disulfide reductase activity. In this study, we 
have identified, cloned, purified and characterized thioredoxin 1 
(HvTrx1) from the Cnidarian Hydra vulgaris Ind-Pune. Bioinfor-
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matics analysis revealed that HvTrx1 contains an evolutionarily 
conserved catalytic active site Cys-Gly-Pro-Cys and shows a 
closer phylogenetic relationship with vertebrate Trx1. Optimum 
pH and temperature for enzyme activity of purified HvTrx1 was 
found to be pH 7.0 and 25°C, respectively. Enzyme activity de-
creased significantly at acidic or alkaline pH as well as at higher 
temperatures. HvTrx1 was found to be expressed ubiquitously in 
whole mount in situ hybridization.
Treatment of Hydra with hydrogen peroxide (H2O2), a highly 
reactive oxidizing agent, led to a significant increase in gene ex-
pression and enzyme activity of Trx1. Further experiments using 
PX12, an inhibitor of Trx1, indicated that Trx1 plays an impor-
tant role in regeneration in Hydra. Finally, by using growth as-
say in Escherichia coli and wound healing assay in human colon 
cancer cells, we demonstrate that HvTrx1 is functionally active 
in both prokaryotic and eukaryotic heterologous systems.
Key words: Evolutionary conservation, Hydra, redox regulation, 
regeneration, Trx1

Gene Expression

Genome-wide distribution of 5hmC in the dental pulp of 
mouse molars and incisors
Pujan Joshi1, Anushree Vijaykumar2, Badam Enkhmandakh3, 
Mina Mina2, Dong-Guk Shin1 and Dashzeveg Bayarsaihan4

1Computer Science and Engineering Department, University of 
Connecticut, 371 Fairfield Way, Unit 4155, Storrs, CT 06269, 
USA, 2Department of Craniofacial Sciences, University of Con-
necticut Health Center, 263 Farmington Avenue, Farmington, CT 
06030, USA, 3Center for Regenerative Medicine and Skeletal 
Development, Department of Reconstructive Sciences, Uni-
versity of Connecticut Health Center, 263 Farmington Avenue, 
Farmington, CT 06030, USA, 4Institute for System Genomics 
and Center for Regenerative Medicine and Skeletal Develop-
ment, University of Connecticut Health Center, 263 Farmington 
Avenue, Farmington, CT 06030, USA
The dental pulp is critical for the production of odontoblasts to 
create reparative dentin. In recent years, dental pulp has become 
a promising source of mesenchymal stem cells that are capable 
of differentiating into multiple cell types. To elucidate the tran-
scriptional control mechanisms specifying the early phases of 
odontoblast differentiation, we analysed the DNA demethylation 
pattern associated with 5-hydroxymethylcytosine (5hmC) in the 
primary murine dental pulp. 5hmC plays an important role in 
chromatin accessibility and transcriptional control by modelling 
a dynamic equilibrium between DNA methylation and demethyl-
ation. Our research revealed 5hmC enrichment along genes and 
non-coding regulatory regions associated with specific devel-
opmental pathways in the genome of mouse incisor and molar 
dental pulp. Although the overall distribution of 5hmC is similar, 
the intensity and location of the 5hmC peaks significantly differs 

between the incisor and molar pulp genome, indicating cell type-
specific epigenetic variations. Our study suggests that the differ-
ential DNA demethylation pattern could account for the distinct 
regulatory mechanisms underlying the tooth-specific ontogenetic 
programs.
Key words: TET enzymes, promoter, gene body, dental pulp, 
5-hydroxymethylcysteine (5hmC)
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DA-Raf and the MEK inhibitor trametinib reverse skeletal 
myocyte diff erentiation inhibition or muscle atrophy caused 
by myostatin and GDF11 through the non-Smad Ras‒ERK 
pathway
Ryuichi Masuzawa1, Kazuya Takahashi1, Kazunori Takano1, Ich-
izo Nishino2, Toshiyuki Sakai3 and Takeshi Endo1

1Department of Biology, Graduate School of Science, Chiba 
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pan, 2Department of Neuromuscular Research, National Institute 
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Center and Department of Drug Discovery Medicine, Kyoto Pre-
fectural University of Medicine, Kyoto 602‒8566, Japan
Myostatin (Mstn) and GDF11 are critical factors that are in-
volved in muscle atrophy in the young and sarcopenia in the 
elderly, respectively. These TGF-β superfamily proteins activate 
not only Smad signalling but also non-Smad signalling including 
the Ras-mediated ERK pathway (Raf‒MEK‒ERK phosphoryla-
tion cascade). Although Mstn and GDF11 have been shown to 
induce muscle atrophy or sarcopenia by Smad2/3-mediated Akt 
inhibition, participation of the non-Smad Ras‒ERK pathway in 
atrophy and sarcopenia has not been well determined. We show 
here that both Mstn and GDF11 prevented skeletal myocyte 
differentiation but that the MEK inhibitor U0126 or trametinib 
restored differentiation in Mstn- or GDF11-treated myocytes. 
These MEK inhibitors induced the expression of DA-Raf1 (DA-
Raf), which is a dominant-negative antagonist of the Ras‒ERK 
pathway. Exogenous expression of DA-Raf in Mstn- or GDF11-
treated myocytes restored differentiation. Furthermore, admin-
istration of trametinib to aged mice resulted in an increase in 
myofiber size or recovery from muscle atrophy. The trametinib 
administration downregulated ERK activity in these muscles. 
These results imply that the Mstn/GDF11-induced Ras‒ERK 
pathway plays critical roles in the inhibition of myocyte differen-
tiation and muscle regeneration, which leads to muscle atrophy. 
Trametinib and similar approved drugs might be applicable to 
the treatment of muscle atrophy in sarcopenia or cachexia.
Key words: muscle atrophy, muscle differentiation, non-Smad 
signalling, Ras‒ERK pathway, sarcopenia
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Cell Death

Long non-coding RNA AFAP1-AS1 promotes thyroid can-
cer progression by sponging miR-204-3p and upregulating 
DUSP4
Hongzhi Ma1, Qian Shi1, Jugao Fang1, Ru Wang1, Jianyu Zhao2, 
Sitong Lin2, Jiajing Dong2, Yan Zhang2, Xixi Shen1, Jiaming 
Chen1 and Qi Zhong1
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Beijing Tongren Hospital, Chinese Medical University, Beijing 
100730, China, 2Department of Endocrinology, China-Japan 
Union Hospital of Jilin University, Changchun 130033, Jilin, 
China
Long non-coding RNA actin filament-associated protein 1-an-
tisense RNA 1 (AFAP1-AS1) shows crucial regulatory func-
tion in tumor progression. Nonetheless, the biological function 
and underlying mechanism of AFAP1-AS1 in the progression 
of thyroid cancer is still unclear. Expressions of AFAP1-AS1, 
miR-204-3p and DUSP4 were quantified utilizing quantitative 
real-time polymerase chain reaction and/or western blot. In 
loss-of-function and gain-of-function assays, cell proliferation, 

migration and invasion were appraised by CCK-8 assay, wound 
healing assay, Transwell migration and invasion assays, respec-
tively. Luciferase reporter assay was employed for validating the 
interaction between miR-204-3p and AFAP1-AS1 or the 3′UTR 
of dual specificity phosphatase 4 (DUSP4). AFAP1-AS1 was 
highly expressed in thyroid cancer tissues and cell lines. Highly 
expressed AFAP1-AS1 was in association with advanced TNM 
stage and positive lymph node metastasis. Knockdown of AF-
AP1-AS1 suppressed the proliferation, migration and invasion 
of thyroid cancer cells, and overexpression of AFAP1-AS1 in-
duced a reversed effect. MiR-204-3p was targetedly repressed by 
AFAP1-AS1, and miR-204-3p could negatively regulate DUSP4 
expression. AFAP1-AS1 augmented the expression of DUSP4 
via repressing miR-204-3p, and the effects of AFAP1-AS1 over-
expression on thyroid cancer cells were also partly abolished by 
miR-204-3p restoration. In summary, AFAP1-AS1 facilitates 
thyroid cancer cell proliferation, migration and invasion by regu-
lating miR-204-3p/DUSP4 axis.
Key words: thyroid cancer, proliferation, MiR-204-3p, metasta-
sis, DUSP4, AFAP1-AS1
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