Research projects

Biomedical engineering: hydrogel research

Dr. Tanaka has found that polymer hydrogels with a double-network structure induce cancer cell reprogramming in an extremely short period of time to
create cancer stem cells (Fig. 1) (hydrogel-activated reprogramming phenomenon, HARP phenomenon). This is different from conventional cancer stem cell
isolation and identification methods, and is a breakthrough method that can identify cancer stem cells within 24 hours regardless of the type of cancer (Nat
Biomed Eng, 5, 941-925, 2021). genome. Based on the HARP phenomenon, this study aims to create highly functional gels by optimizing the physical factors of
gel monomers, and by integrating multiple spatial information analysis techniques such as the latest single cell spatial transcriptome analysis and Raman
microscopy, to elucidate the biological phenomena of cancer and develop therapeutic agents for cancer stem cells, which are the source of relapse.
Development of therapeutic drugs for cancer stem cells, which are the source of recurrence. This process of controlling genomes using hydrogels will be
created as a new academic field called “Material Genomics”.

Tanaka Lab is focusing on several medical researches including cancer research and regenerative medicine by using hydrogel. Cancer is the leading cause of
death in the nation and there is a need to develop curative therapies. Although current therapies reduce or eliminate cancer temporarily, cancer recurs after a
few years. The cause of recurrence is the survival of therapy-resistant cancer stem cells in cancer tissue. Therefore, eradication of cancer stem cells would
dramatically improve the prognosis. However, cancer stem cells are difficult to detect because of their extremely low abundance, and there are currently no
therapies that target these cells. For regenerative medicine, hydrogels are applied to culture iPS cell-derived organoid, neuronal cells, and intestinal organoids.
Uncovering the molecular mechanism of HARP phenomenon is another interesting projects in Tanaka lab.
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Fig. 1 HARP phenomenon (hydrogel-activated reprogramming phenomenon)
On hydrogels, differentiated cancer cells ( green) and cancer progenitor cells (yellow) can be
reprogrammed and induced back to cancer stem cells (red).
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Il. Research for SARS-CoV-2

In 2021 with coronavirus disaster, Dr. Fukuhara (Hokkaido University Department of Microbiology) asked me to look at pneumonia of hamsters infected with
coronavirus. Although Dr. Tanaka had no experience in analyzing hamsters, He first prepared specimens by cutting them out (Fig. 2) and established a scoring
method for tissue evaluation by reviewing H&E specimens (Fig. 3) from early in the morning to late at night during the week of Japanese traditional Bon festival time(2).
When the research paper on the SARS-CoV-2 delta strain was accepted in Nature (Fig. 4)and this histopathological analysis seemed to be useful. Then, Omicron
emerged and pathogenicity became a socialissue. The virus arrived at Hokkaido University on December 10, and Tanaka and his colleagues worked on the analysis
for two weeks without a sleep time to get the results. Dr. Sato (Univ. of Tokyo) who is the chief scientist of G2P-Japan mentioned the results via Twitter on December
26, and the next day, the results were reported on the TV news show as News Station (TBS). Dr. Tanaka says ‘although | am neither a virologist nor a respiratory
pathologist myself, | found that the reason why | could make-up histological evaluation system of coronavirus infection mostly depends on my carrier as pathologist
always discussing with the respiratory physicians at the daily clinic-pathological conferences (CPCs). | realized once again that when an unknown pathogen appears
histopathological analysis by pathology experts is extremely important to elucidate the pathogenesis. | wish to share this information with young pathologists and
researchers’
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lll. Basic cancer research: Oncogene and molecular mechanism of cancer progression

Dr. Tanaka studied CRK, an adaptor molecule for intracellular signal transduction, under Dr. Michiyuki Matsuda (Professor emeritus of Kyoto University) in the
1990s, and cloned the novel genes C3G and DOCK180, which are low molecular weight G protein activators (GEFs), and discovered a tyrosine kinase > adaptor
molecule>GEF->Ras~>ERK signaling pathway (Tanaka, Mol Cell Biol, 1993; Tanaka, Proc Natl Acad Sci, 1994). This is now a major pathway in molecular targeted
cancer therapy. Dr. Tanaka then studied in the laboratory of Dr. Hidesaburo Hanafusa (Lasker Award winner) at Rockefeller University in the U.S., where he worked
to elucidate the mechanism of oncogenesis. After returning to Japan, Dr. Tanaka clarified the three-dimensional structure of CRK for the development of
therapeutic drugs (Kobashigawa, Nat Struct Mol Biol, 2007). In the field of rare cancer research, which is now a social issue, he identified the SS18-SSX fusion
gene as the cause of synovial sarcoma (Nagai, Proc Natl Acad Sci, 2001). In cancer stem cell research, he isolated the CD133 promoter region of brain tumor
stem cells and elucidated the mechanism of drug resistance (Tabu, Cell Res, 2008) Requests for the distribution of the CD133 promoter have come from all over
the world, and it is provided free of charge. He also elucidated that sarcoma stem cells are CXCR4 positive (Kimura, Oncogene, 2015).
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IV. Brain tumor research

As a pathologist, Dr. Tanaka’s subspecialty is neuropathology, especially for the diagnosis of brain tumor. He is the one of the authors of WHO tumour
classification of central nervous system (5" ed.)(Fig. 6). Thus, Dr. Tanaka has bee studying in the molecular mechanism of malignant brain tumor including
glioblastoma. Glioblastoma is a poor prognosis tumor with a 5-year survival rate of less than 10%, most often in the elderly, but it appears as a ring-enhancing
mass on imaging, and histology shows fenestrated necrosis, multinucleated giant cells and microangiogenesis, currently defined as IDH wild type glioblastoma
in the WHO 5th edition. IDH mutations produce 2HG oncometabolite, which regulates methyltransferases and induces a methylated phenotype called CIMP. The
WHO is currently in its 5th edition, but the brain tumor classification was based on the “histological diagnosis based on lineage development” by Bailey-Cushing
etal.in 1926, but now it is based on methylation analysis (Nature 555, 469-474, 2018)(Fig. 7). Glioblastoma IDH wild type is considered to be a glioblastoma
caused by the accumulation of genetic mutations in the progenitor cells.

Initially, Tanaka lab worked on overcoming chemotherapy resistance in glioblastoma. Temozolomide is still used as a standard treatment, but because it is
an alkylating agent, DNA methylation is the drug‘s effect, and high levels of MGMT, a methyltransferase enzyme, cancel the drug’s effect. He first proposed a
method for evaluating MGMT using IHC. Then, Dr. Tanaka focused on the mesenchymal type of glioblastoma, which has a poor prognosis, with the aim of
developing a drug that suppresses MGMT. Although regulatory factors were reported for the mesenchymal type, using pathological tissues, we found that the
amount of phosphorylated STAT3 positively correlated with the amount of MGMT. The Tanaka team then found that the expression of MGMT was decreased by
jack inhibitors. They found that the drug effect of temozolomide was enhanced by the combination of this inhibitor. Next, since radiation is one of the standard
treatments for glioblastoma, we worked to elucidate its resistance mechanism. Histopathology revealed that Vimentin expression is increased in recurrence
after radiotherapy of glioblastoma, and in fact irradiation of cells enhances cell adhesion plaques. Irradiation was found to increase Snail and induce
mesenchymal features via activation of the ERK pathway, and to enhance the production of TGF-beta from surrounding macrophages and astrocytes, which led
to the concept of GMT, glia- mesenchumal transition. They also found that SOX expression is increased during this process, which may induce glioblastoma
stemness (Fig. 8). Therefore, Dr. Tanaka established the concept for glial-mesenchymal transition (GMT) with GBM stemness.
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V. Surgical pathology

Dr. Tanaka is professor of Deparment of Cancer Pathology, thus various projects of surgical pathology research are on going. Especially, several important papers
for establishment of criteria of surgical pathological diagnosis have been published in Tanaka lab including AJSP, Mod Path, Gastroenteology, and so on.
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VI. Al and digital pathology

Dr. Tanaka extensively proceeds the research on digital pathology and Al-based medical researches
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VIl. Other collaborative researches

Dr. Tanaka extensively proceeds the collaboration study with various fields of medical sciences.
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