
Chemistry 
  The main focus of our study is on the innate immune system. Innate 
immunity is conserved throughout multicellular organisms and plays an 
important role as the first line of host defense. We are examining the functions 
of surfactant proteins in innate immunity and the process of phagocytic 
elimination of bacteria and altered-self cells. Concerning pathogens, they 
change their gene expression pattern to evade the host immune system. We 
are also interested in factors that trigger the alteration in the gene expression 
of pathogens. 
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1. Regulation of bacterial gene expression under infectious
conditions

There are three systems by which bacteria adapt themselves to host 
environments by altering gene expression patterns. One is a 
two-component regulatory system to control signal transduction in 
bacteria. Another is by means of the promoter-recognizing subunit 
sigma of bacterial RNA polymerase that plays a major role in the 
selection of genes to be transcribed. The third consists of the 
complex of RNA chaperon proteins and small noncoding RNA 
facilitating their binding to target mRNA for the alteration of 
translation efficiency and stability. We examined the roles of these 
factors in bacterial adaptation to hosts using genetically tractable 
organisms, Escherichia coli and Staphylococcus aureus, as 
pathogens and Drosophila melanogaster, the immune system of 
which is conserved in humans as well as mammals as hosts. 

a) The two-component regulatory system 
We examined the transcriptional promoter strength of all genes
coding sensor kinases and response regulators of E. coli in the host.
Among these, we found a signaling system consisting of EnvZ, a
sensor kinase, and OmpR, a transcription factor, activated in the
host and reduced bacterial virulence.

b) The sigma subunit of bacterial RNA polymerase and RNA 
chaperon
The DNA-dependent RNA polymerase of E. coli is a multisubunit
holoenzyme and one of seven species of promoter-recognizing
subunit sigma. We discovered that the repertoire of the seven sigma
subunits changed upon infection and enhanced levels of sigma38 in
the host-induced expression of catalases for persistent infection. An
RNA chaperone of E. coli called Hfq forms a complex with small
noncoding RNA. We found that Hfq contributes to persistent
infection of E. coli by maintaining the expression of sigma38, a type
of sigma subunit in RNA polymerase.

2. Phagocytic elimination of apoptotic cells and cancer cells
The role of phagocytes in cellular innate immunity is to eliminate
microbes, virus-infected cells, and altered-self cells. There are two
evolutionarily conserved phagocytosis pathways in species ranging
from nematodes to humans, including phagocytic receptors in
phagocytes and their signaling molecules. We discovered that two
phagocytic pathways with receptor Draper/MEGF-10 and Integrin
alphaPS3-betanu/Integrin alpha3-beta5 (Drosophila/human)
recognized both apoptotic and virus-infected cells. Their ligands are
membrane lipid phosphatidylserine (PS) and PS-binding proteins.
Phagocytosis of cancer cells prevents neoplastic transformation in
multicellular organisms.

3. The functions of pulmonary collectins
The surface of alveoli is covered with pulmonary surfactant, a
mixture of lipids and proteins, which reduces surface tension to keep
alveoli from collapsing. Pulmonary surfactant contains two collectins
called surfactant proteins A and D (SP-A and SP-D). These
collectins play vital roles in host defense in the lung. Furthermore,
the collectins bind to host proteins and regulate their functions. The
aim of our study is to clarify multiple functions of pulmonary collectins

2. Research by Assistant Professor Shintaro

Takatsuka

Medical data is often characterized as big data,

and its collection and analysis are crucial. The 

Ministry of Health, Labour, and Welfare in Japan 

manages an extensive insurance claim dataset 

known as the National Database of Health 

Insurance Claims and Specific Health Checkups 

(NDB). We primarily analyze healthcare data in 

Hokkaido using a portion of this dataset. The NDB 

includes information such as visited medical 

institutions, disease names, medical expenses, 

age, and gender, contributing to research insights 

into regional variations and temporal changes. 

However, one challenge we face is the difficulty in 

obtaining accurate individual aggregations or 

precise patient statuses. 

Ensuring accuracy is vital when collecting a 

large volume of data. During the COVID-19 

pandemic, we collaborated with health observation 

in Sapporo City. To achieve precise data collection, 

we utilized survey formats through smartphones 

and PCs, automatically analyzing severity to 

reduce the workload on Sapporo City of public 

health officials in Sapporo City. The collected data, 

numbering over 1.3 million cases from home care 

patients alone, has the potential to provide various 

insights. 

Figure (d) illustrates the trend of input numbers for 

“Covimaru,” a health observation app used in 

Sapporo City, Hokkaido, from April 2021 to May 

2022. The users who input data were those 

diagnosed as positive for COVID-19. This app 

automatically estimates the severity of symptoms 

by entering items such as body temperature, 

symptoms, and medical history. The severity is 

represented in descending order from high to low, 

using red, yellow, and green, with gray indicating 

almost no symptoms. The number of COVID-19 

positive cases saw an explosive increase in 2022. 

However, the number of severe cases during the 

fourth and fifth waves in 2021 and the severity of 

patients from the sixth wave onwards in 2022 

remained almost the same.

(d) The trend of COVID-19 positive cases in

Sapporo City
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Biology
The Biology Division has been focusing on 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 
also offer a Molecular and Cellular Biosciences course for graduate students. 

Division members: 
Yukiharu Sawada, Ph.D. (Visiting researcher), Yojiro Shimada (M.D., Ph.D. student), Yasushi Sasaki, M.D., Ph.D. (Professor), 
Takeshi Suzuki, M.S., Ph.D. (Associate Professor), Miwa Suzuki (Secretary), Asami Matsuda, M.S. (Research student) 
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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 genetic 
characterization in human oral, head and neck, esophageal, 
gastric, colorectal, non-ampullary duodenal, pancreatic, 
hepatic and cervical cancers, primary central nervous system 
lymphoma (PCNSL) and multiple myelomas as well as normal 
human tissues using next-generation sequencing (NGS) 
technologies. We have also designed several tumor- and 
tissue-type-specific panels of genes that are frequently altered 
in human cancers, including esophageal squamous cell, 
colorectal, pancreatic, and cervical cancers. 

Through NGS data, we have identified several candidate 
driver genes as novel molecular targets for therapeutic 
drugs.  
a) The most frequent mutations in Japanese oral squamous
cell carcinoma (OSCC) tissues were in TP53, NOTCH1,
CDKN2A, SYNE1, and PIK3CA. 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. In addition, 
mutations in NOTCH1 and PIK3CA were found to be 
associated with worse overall survival in OSCC patients. 
b) The most frequent mutations in PCNSL tissues were in
PIM1, MYD88, CD79B, DST, IRF4, ERBB3, MYH11, DCC,
and KMT2D. Furthermore, somatic mutations of MYH11 were

related to poor prognosis in PCNSL patients. 
c) Early circulating tumor DNA (ctDNA) changes before and
after an initial cycle of chemotherapy predict later responses

Mutation distribution in the exons and functional domains of NOTCH1
(oral squamous cell carcinoma, OSCC)

in host defense and lung homeostasis. 

a) Innate immune functions
Pulmonary collectins consist of a collagen-like domain, a neck
region, and a C-type lectin domain. These collectins bind various
microbes and are involved in innate immunity against infectious
pathogens. The functions of pulmonary collectins are affected by
their oligomeric structure. We are interested in the structure-function
relationship of pulmonary collectins.
Pulmonary collectins are also expressed in several tissues other
than the respiratory system. We are examining the immune
functions of these collectins expressed in non-pulmonary tissues. 

b) Interaction with host proteins
We are also examining the regulatory effects of pulmonary collectins
as a result of interaction with host proteins. For instance, SP-A binds
human b-defensin 3 (hBD3) and attenuates its cytotoxicity against
host cells. Interestingly, SP-A does not affect the antimicrobial activity 
of hBD3. More detailed studies are under way to apply SP-A as a
regulatory molecule of hBD3 functions. Pulmonary collectins also
interact with cell-surface receptors and modulate signal transduction.
We especially focus on interaction with receptor tyrosine kinases
involved in host cell proliferation.
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