A Y]

BTN AT TR

# PI - #=

\
g -

L)



Inflammation and Epithelial Plasticity
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Linxiang GONG (M2) (Co-supervisor: Prof. Chiaki Takahashi)

[ Abstract )
The link between inflammation and cancer has long been established. A proinflammatory
tumor microenvironment is generally regarded as one that promotes carcinogenesis, tumor
growth and the suppression of tumor immunity. Although great advances have been made in
terms of the cellular composition and immune interaction within a tumor niche, how
cell-intrinsic mutations within the epithelium drive this process, through the aberrant secretion
of growth factors and cytokines, is under appreciated. We are interested in two specific aspects
of this interaction: 1) the role of epithelial-derived IL23A (eIL23A) in modulating immunity
during gastrointestinal infection and carcinogenesis; and 2) the increased epithelial plasticity

during gastrointestinal inflammation and repair.

<2020 research achievement and future plan>

During this year, we successfully published our findings on the co-regulation of epithelial
cell-derived IL23A by mitogenic and inflammatory signals in intestinal epithelial cells. We
made two key observations: Firstly, there is a strong cooperativity between MAPK and
canonical NF-kB pathways in inducing /L23A4. This stems from the cooperative assembly of a
transcription enhancer complex by AP-1/c-Jun and RelA/p65 on the /1234 proximal promoter.
As AP-1/c-Jun and RelA/p65 are the downstream effectors of MAPK and NF-kB pathways,
respectively, their synergy meant that the inhibition of one pathway would effectively block the
other. In our study, we effectively demonstrated this through the use of the MEK inhibitor
trametinib and the BAY-11-7082, an IKK o/IkB inhibitor. Secondly, we showed for the first time
the secretion of endogenous IL23A by activated epithelial cells and provided empirical
evidence that this was achieved remarkably without IL23A’s canonical partner, IL12B.

Our focus now shifts to the detailed characterization of this novel form of IL23A. To
this end, we have raised new monoclonal antibodies that would specifically recognize
epithelial-derived I1L23A/elL23A. The utility of these new tools in clinicopathological
applications will now be assessed. In addition, in depth analyses of eIL23A is underway where

we study the collaboration between eIL23A and canonical IL-23 in the induction of Th17-type



response in primary mouse immune cells. Lastly, we observed in a isogenic transplantation
model that IL-23/IL23 A exerts a pro-tumor immunity effect in immune competent mice. We are
deepening this study to evaluate a potential role for eIL23A to influence the tumor immune
microenvironment, which may have therapeutic implications in view of recent reports and our

earlier findings that trametinib could attenuate the production of eIL23A.

[ Achievements ]
< Publications (Primary)>
1. Lim KS, Yong ZWE, Wang H, Tan TZ, Huang RY, Yamamoto D, Inaki N, Hazawa M,
Wong RW, Oshima H, Oshima M, Ito Y*, Voon DC* (2020) Inflammatory and mitogenic
signals drive interleukin 23 subunit alpha (IL23A4) secretion independent of ILI2B in
intestinal epithelial cells. ] Biol Chem. 295(19):6387-6400. *Joint Corresponding Author.

< Publications (Collaboration) >

2. Hazawa M*, Sakai K, Kobayashi A, Yoshino H, Iga Y, Iwashima Y, Lim KS, Voon DC,
Jiang Y'Y, Horike SI, Lin DC, Wong RW* Disease-specific alteration of karyopherin-o
subtype establishes feed-forward oncogenic signaling in head and neck squamous cell

carcinoma. Oncogene. 39(10):2212-222. *Joint Corresponding Author.

< Symposiums (Oral Presentations) >

1. Yoon DC. Understanding how IL23A4 expression is controlled by inflammation and growth
signals in epithelial cells. 5" InFiniti Symposium.18" Feb 2020. Kanazawa, Japan.

2. Yong ZWE, Lim KS, Wang H, Tan TZ, Huang RY, Yamamoto D, Inaki N, Hazawa M, Wong
RW, Oshima H, Oshima M, Ito Y, Voon DC. Inflammatory and mitogenic signals drive
IL23A secretion independent of IL12B in intestinal epithelial cells 79" Annual Meeting of

Japanese Cancer Association. 1-3™ Oct 2020. Hiroshima, Japan.



Cancer-Immune System Interactions
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[ Abstract ]

Pyroptosis is a pro-inflammatory form of regulated necrosis caused due to the formation of
plasma membrane pores by gasdermin (GSDM) family proteins. Although GSDMs are
expressed as inactive forms, they are proteolytically activated by certain proteases, leading to
pyroptosis. Caspase-1, an inflammatory caspase, is known to induce pyroptosis by cleaving
GSDMD. Recently, we have demonstrated that caspase-1 also serves as an apoptosis-initiating
caspase in the absence of GSDMD and that Bid plays a critical role in caspase-1-induced
apoptosis. However, an additional mechanism that mediates this cell death independently of
Bid has also been suggested. Our study suggests that caspase-7, a substrate of caspase-1,
mediates apoptosis induced by caspase-1 in a Bid-independent manner. Caspase-1 also
processes pro-IL-1p into the biologically active cytokine IL-1p, which is in turn released from
macrophages via GSDMD pores. We demonstrated that IL-1p was released from living
macrophages independently of GSDMD during stimulation with mycoplasmal
lipoproteins/lipopeptides, suggesting a novel mechanism for IL-1p release. It has been
suggested that caspase-1 activation leads to IL-1a maturation. However, pro-IL-1a is not a
substrate for caspase-1, and the mechanism of caspase-1-induced IL-1a maturation remains
unclear. We found that GSDMD processed by caspase-1 forms membrane pores that mediate

Ca?" influx, resulting in calpain-dependent maturation of IL-10a.
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Mahib M.R., Hosojima S., Kushiyama H., Kinoshita T., Shiroishi T., Suda T.*, Tsuchiya
K.*. Caspase-7 mediates caspase-1-induced apoptosis independently of Bid. Microbiology and
Immunology. 64(2):143-152. (2020).
JR3E (FLREIATSE)
Saeki A., Tsuchiya K., Suda T., Into T., Hasebe A., Suzuki T., Shibata K.I. Gasdermin D-
independent release of interleukin-1p by living macrophages in response to mycoplasmal
lipoproteins and lipopeptides. Immunology. 161:114-122. (2020)
et (BFFE=E T1A)
Tsuchiya K.*. Inflammasome-associated Cell Death: Pyroptosis, Apoptosis, and Physiological
Implications. Microbiology and Immunology. 64:252-269 (2020)
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Microenvironment Regulation in Cancer Stem Cells Unit
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[ Abstract ]

Accumulating evidence indicates the presence of cancer stem-like cells (CSCs) in many types
of tumors. They are defined as cell populations which have self-renewal ability and multi-
differentiation capacity, and have been thought to contribute to tumor initiation and recurrence.
Stem-cell properties are thought to be maintained in the CSC niche that is the tumor
microenvironment surrounding CSCs. Therefore, our final goal is to identify key factors
regulating the interaction between cancer stem-like cells (CSCs) and their niche.

We demonstrated that FRS23 was expressed in a small subset of luminal progenitor cells and
induced the production of cytokines, including IGF1 and CXCL12, through activation of the
NF«kB pathway. IGF1 and CXCL12 amplify NFkB activation in surrounding mammary cells,
leading to the establishment of a cytokine-rich microenvironment. This microenvironment
supports the growth of cancer cells and facilitates the migration of stroma cells and immune
cells to develop more favorable condition for breast cancer.
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1. Y. Takeuchi’, N. Kimura’, T. Murayama’, Y. Machida, D. Iejima, T. Nishimura, R.
Sakamoto, M. Yamamoto, N. Itano, Y. Inoue, M. Ito, N. Yoshida, J. Inoue, K. Akashi, H.
Saya, K. Fujita, M. Kuroda, I. Kitabayashi, A. Tojo, N. Gotoh. The membrane-linked
adaptor FRS2b fashions a cytokine-rich inflammatory microenvironment that promotes
breast cancer carcinogenesis. "Equally contribution. Proc Natl Acad Sci, USA., under
revision.

2. T. Murayama', Y. Takeuchi’, K. Yamawaki, T. Natsume, R. Chaverra, T. Nishimura, Y.
Kogure, A. Nakata, K. Tominaga, A. Sasahara, M. Yano, S. Ishikawa, T. Ohta, K. Ikeda, K.
Horie-Inoue, S. Inoue, M. Seki, Y. Suzuki, S. Sugano, T. Enomoto, M. Tanabe, K. Tada, M.
Kanemaki, K. Okamoto, A. Tojo, N. Gotoh. MCM 10 compensates for Myc-induced DNA
replication stress in breast cancer stem-like cells. "TEqually contribution. Cancer Science.
2021. Mar;112(3):1209-1224.

3. Y. Takeuchi, R. Narumi, R. Akiyama, V. Elisa, T. Shirai, N. Tanimura, K. Kuromiya, S.
Ishikawa, M. Kajita, M. Tada, Y. Haraoka, Y. Akieda, T. Ishitani, Y. Fujioka, Y. Ohba, S.
Yamada, Y. Hosokawa, Y. Toyama, T. Matsui, Y. Fujita". Calcium wave promotes cell
extrusion. Current Biology. 2020. Feb 24;30(4):670-681.
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Mitochondrial Dynamics in Stem Cells
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[ Abstract ]

Mitochondria play pleiotropic roles in glucose-amino acids-lipid metabolic pathways, calcium
and redox homeostasis, and apoptosis. These diverse mitochondrial functions are reflected by
their extremely dynamic morphology, and distribution in the cells. Mitochondrial quality,
distribution, size, and motility are excellently tuned by their continuous fusion and fission.
Mitochondrial fusion factor and anti-apoptotic protein OPA1 was up-regulated in gefitinib-
resistant lung adenocarcinoma cell line, and down-regulation of OPA1 in these resistant cells
restored the gefitinib sensitivity. Likewise, the OPA1 specific inhibitor, developed in the
laboratory of Prof. Scorrano (University of Padua) also restored the gefitinib sensitivity in these
resistant cells. This effect was mediated by the reduction of OPA1 inhibition of cytochrome ¢
release. We will validate the effect of this drug on xenograft.

ER-mitochondria contacts are important for proper calcium uptake from the ER to the
mitochondria, and phospholipids synthesised in both organelles are shuttling at the contacts.
ER-mitochondria contacts are less in glioma stem-like cells, while the contacts are more in
differentiated glioma cells. Likewise, undifferentiated embryonic stem cells (ESCs) displayed
distant two organelles with fewer contacts, while differentiated cardiomyocytes (CM) showed
close organelles with more contacts, with up-regulation of MFN2, which is a known tether
protein. Since two organelles are closer upon CM differentiation, I hypothesised more
phosphatidylserine (PS) goes to mitochondria from the ER, and is converted to
phosphatidylethanolamine (PE). PS-PE conversion was low in CM compared to ESCs, and PC
was detected instead using '*C serine label trace experiment in a collaboration with Dr Miyata
at Kyushu University. Since PE-PC conversion requires methyl group addition, SAM/SAH
ratio was measured by Dr Arakawa, Faculty of Pharmacy Institute of Medical, and the ratio
was reduced upon CM differentiation. We will perform these experiments using
Phosphatidylethanolamine N-methyltransferase (PEMT) knockdown ESCs. Moreover, we will
use the ER-mitochondria synthetic linker construct in order to understand whether the physical
contacts without specific protein could influence the stemness/differentiation and
phospholipids metabolism.
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1. Nomura N, Ito C, Ooshio T, Tadokoro Y, Kohno S, Ueno M, Kobayashi M, Kasahara A,
Takase Y, Kurayoshi K, Si S, Takahashi C, Komatsu M, Yanagawa T, Hirao A. Essential
role of autophagy in protecting neonatal haematopoietic stem cells from oxidative stress
in a p62-independent manner. Sci Rep. 2021 18;11(1):1666
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