Biology
Biology Division has been occupied with a variety of themes as follows:
characterization and identification of novel molecular-targets for the diagnosis and
treatment of cancer, transcriptional regulation of cancer-related genes, molecular
and cellular biology of immune synapse, live cell imaging analysis of signaling
molecules and methodology for molecular biological microscopy. We have a course
of "Molecular and Cellular Biosciences" for graduate students.
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1. Molecular genetics of human cancer
To identify novel molecular-targets for the
diagnosis and treatment of human cancer, we have
been analyzing the genetic characterization in
human oral, esophageal, gastric, colorectal,
pancreatic, and cervical cancers, primary central
nervous system lymphomas and multiple
myelomas as well as normal human tissues by
means of next-generation sequencing (NGS)
technologies (1, 4-6).
Through NGS data, we have identified
several candidate driver genes as novel
molecular targets for therapeutic drugs.
Surgically resected OSCC tissues from 127
Japanese patients were sequenced for mutations
in the coding regions of cancer-related genes
using a semiconductor-based sequencing
platform. The most frequent mutations were in
TP53 (61.7%), NOTCH1 (25.5%), CDKN2A
(19.1%), SYNE1 (14.9%), and PIK3CA (10.6%).
We also detected copy number variations in the
segments of the genome that could be duplicated
or deleted from deep sequencing data. Pathway
assessment showed that the somatic aberrations
within OSCC genomes are mainly involved in
several important pathways, including cell cycle
regulation and RTK–MAPK-PI3K (1). In addition,
TP53 mutations tended to be more frequent in
HPV-negative OSCCs compared to HPV-positive
cases (5).
We investigated the mutation signatures of a
unique set of clinical specimens from a uterine
cervical cancer that repeatedly locally recurred
after multiple rounds of radiotherapy. Exon
sequencing of 409 cancer-related genes in
treatment-naïve and multiply-recurrent tumors
revealed rare simultaneous mutations in KRAS
and SMAD4. In addition, we validated the
association between this mutation signature and
radioresistance by performing meta-analysis of
published in vitro data and isogenic cell-based
experiments (6). This targeted next-generation
sequencing had significant advantages over the
classical molecular methods used to perform
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laboratories.
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2. Functional analysis of p53 family genes
Genome sequencing studies of cancer have
revealed the genomic landscapes of human cancer
and have shown that the p53 tumor suppressor
gene is most frequently mutated in cancers among
the human genes. The p53 family is composed of a
group of transcription factors, p53, p73, and p63.
The p53 family protein is activated by DNA damage
or other cellular stresses and the activated p53
exerts its tumor suppression function mainly
through the transactivation of a large number of
downstream target genes. We have recently
isolated several p53 family target genes, including
BRMS1L, LIMA1, and lincRNA NEAT1 (2, 3).
3. Rapid attenuation of DAG in immune
synapses during productive T cell activation
Membrane diacylglycerol (DAG) generated
during sustained receptor engagement activates
productively T cells and prevents their anergy. DAG
binds conserved cysteine rich C1 domains in
signaling proteins. Remarkably, little is known
about the spatial-temporal regulation of DAG in
immune synapses and the differential synaptic
involvement of select DAG-binding proteins
remains puzzling. We found that, contrary to its
expected accumulation, specific biosensors
detected synaptic DAG just at the onset of
intercellular antigen recognition by T cells. DAG
produced by PLCγ1 was consumed by DGKα.
Residual DAG released instantly PKCδ but not the
essential PKCθ, located in central Supramolecular
Activation Clusters (cSMACs). A unique membrane
interaction site in θC1 that was PI3-K dependent
supported binding of PKCθ to depleted DAG.
However, θv3, a novel protein domain of previously
unknown function, was necessary and sufficient for
stable cSMAC targeting of PKC. Single or tandem
θv3 probes remained cytoplasmic, but θv3 coupled
to C1 labeled instantly the cSMAC membrane. In
addition to differentially activating PKCθ, depleted

DAG was sufficient for other essential DAGdependent responses. Thus, physiological T cell
activation is coordinated by robust regulated
attenuation of DAG that directs essential signaling
in functional immune synapses.
4. Bio-imaging analysis in living mammalian
cells
Mec17/aTAT1 is a key enzyme for tubulin
acetylation in mammalian cells, where it plays an
important role for stabilization of microtubule
cytoskeleton. We made a visible fluorescent probe
for Mec17/aTAT1 by linking with EGFP (GFPMec17/aTAT1) and induced it into the rat fibroblast
3Y1-B cells, and analyzed by live cell imaging with
fluorescent deconvolution microscopy. The probe
restricted to the centrosome in resting cells of
confluent cell sheet. On the other hand, the probe
localized at reading edges in migrating 3Y1-B cells.
These results suggest that the probe visualizes the
site of tubulin acetylation in living mammalian cells,
and that the tubulin acetylation is occurred at the
centrosome in resting cells and reading edge in
migrating cells. We also visualized the various
membrane proteins such as aquaporin and
caveolin, and are investigating the methods for
molecular biological microscopy (7-12).
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