©
2016 2018

Analysis of multi-scale mathematical models with inter-hierarchical feedback
effects and their applications for disease
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i _Some common diseases such as cancer and dermatitis occur as a result of the
progression of essential protein (molecule) and cell abnormalities. In some disorders, progress may
be mediated by hierarchical feedback between molecules (fast dynamics) and tissues (slow dynamics).

In this study, we investigate multi-scale dynamics of disease progression by mathematical models
with hierarchical feedback. One of the expected outcomes of this study is to contribute to
understanding dynamical processes of disease progression by using mathematical modeling, analyses,
and numerical simulations.



¢y

2000 2001

@

®

* ( )

©) T (HTLV-1)

(©)

™M cC

) (Tetrahymena)

®

(10)



[1]

[2]

[3]

[4]

[5]

[6]

[7]

(8]

[9]

[10]

15

Sourav Kumar Sasmal, Yasuhiro Takeuchi, Shinji Nakaoka, T-cell mediated adaptive
immunity and antibody-dependent enhancement in secondary dengue infection, Journal of
Theoretical Biology, 470(7), 50-63 (2019), doi.org/10.1016/].jtbi.2019.03.010. ( )
Yu Tsubouchi, Yasuhiro Takeuchi, Shinji Nakaoka, Calculation of final size for
vector-transmitted epidemic model, Mathematical Biosciences and Engineering, 16(4)
2219-2232 (2019). doi: 10.3934/mbe.2019109. ( )

Kosaku Kitagawa, Toshikazu Kuniya, Shinji Nakaoka, Yusuke Asai, Koichi Watashi,
Shingo Iwami, Mathematical analysis of atransformed ODE from a PDE multiscale model
of hepatitis C virus infection, Bulletin of Mathematical Biology, (2019) pp.1--15.

doi.org/10.1007/s11538-018-00564-y. ( )
Shinji Nakaoka, Data-driven mathematical modeling of microbial community dynamics,
Handbook of Statistics VVol.39 Part A, pp.93—130 (2018). ( )

Yueping Dong, Moitri Sen, Malay Banerjee, Yasuhiro Takeuchi and Shinji Nakaoka,
Delayed feedback induced complex dynamics in an Escherichia coli and Tetrahymena
system, Nonlinear Dynamics, 94(2), 1447-1466 (2018), 10.1007/s11071-018-4434-4. (

)
Shinji Nakaoka, Mathematical description for invasibility threshold and persistence of
pathogenic bacterial species, NOLTA 2018 (conference paper) ( ). ( )
Tomokazu Yamaguchi, Takashi Suzuki, Teruki Sato, Akinori Takahashi, Hiroyuki
Watanabe, Ayumi Kadowaki, Miyuki Natsui, Hideaki Inagaki, Satoko Arakawa, Shinji.
Nakaoka, Yukio Koizumi, Shinsuke Seki, Shungo Adachi, Akira Fukao, Toshinobu
Fujiwara, Tohru Natsume, Akinori Kimura, Masaaki Komatsu, Shigeomi Shimizu, Hiroshi
Ito, Yutaka Suzuki, Josef M. Penninger, Tadashi Yamamoto, Yumiko Imai and Keiji Kuba,
The CCR4-NOT deadenylase complex controls Atg7-dependent cell death and heart
function, Science Sgnaling, 11(516) (2018) eaan3638.
(doi.org/10.1126/scisignal .aan3638). ( )
Naoki Nakada, Mizuho Nagata, Yueping Dong, Yasuhiro Takeuchi, and Shinji Nakaoka,
Dynamics of tumor immune escape via adaptive change, NOLTA, Vol .E9-N, No.2, Apr.
2018. ( )
Mohamed Mahgoub, Jun-ichirou Yasunaga, Shingo Iwami, Shinji Nakaoka, Yoshiki
Koizumi, Kazuya Shimura, and Masao Matsuoka, Sporadic on/off switching of HTLV-1
Tax expression is crucial to maintain the whole population of virus-induced leukemic cells,
PNAS, 2018 E1269-E1278 (doi:10.1073/pnas.1715724115). ( )
Yueping Dong, Yasuhiro Takeuchi, Shinji Nakaoka, Multiple delayed feedback regulation
system of the gut microbiota— antibiotics injection controlled by measured metagenomics
data, Nonlinear Analysis RWA., Volume 43, 1-17 (2018). ( )



[11] Kosaku Kitagawa, Shinji Nakaoka, Yusuke Asai, Koichi Watashi, Shingo lwami, A
multiscale model of hepatitis C virus infection described by PDE can be transformed to
ODE, Journal of Theoretical Biology, Volume 448, 80-85 (2018). ( )

[12] Shinji Nakaoka, Detection of responding factors to external perturbation in a microbial
community, Proc. of International Symposium on Nonlinear Theory and Its Applications,
NOLTA, 2017, 116-119 (conference paper). ( )

[13] Shoyalwanami, Yusuke Kakizoe, Satoru Morita, Tomoyuki Miura, Shinji Nakaoka,
Shingo Iwami, A highly pathogenic simian/human immunodeficiency virus effectively
produces infectious virions compared with aless pathogenic virusin cell culture, Theor
Biol Med Model., (2017) 14(1):9 (doi: 10.1186/s12976-017-0055-8). ( )

[14] Alexey Martyushev*, Shinji Nakaoka*, Kei Sato, Takeshi Noda, Shingo Iwami, Modelling
EbolaVirus Dynamics: Implications for Therapy, Antiviral Research (2016) 135 62-73.

[15] Shinji Nakaoka, Sota Kuwahara, Chang Hyeong Lee, Hyejin Jeon, Junho Lee, Yasuhiro
Takeuchi, Yangjin Kim, Chronic inflammation in the epidermis. A mathematical model,
Applied Science. (2016), 6(9), 252; doi: 10.3390/app6090252. ( )

12

[PO1] Shinji Nakaoka, Trajectory inference of HIV progression with microbiome data,
SMB&JSMB2018( ), 2018

[PO2] Shinji Nakaoka, Development and applications of an optimization method to detect
neighbor equilibria of a trajectory for Lotka-Volterra systems, 12TH AIMS INTERNATIONAL
CONFERENCE( ), 2018

[PO3] Shinji Nakaoka, Invasibility threshold and persistence of bacterial species, Annual
meeting of Korean Society for Industrial and Applied Mathematics( )( ),
2018

[PO4] Shinji Nakaoka, Trajectory inference of disease onset from non-time series
microbiome datasets, South Lake Workshop in Bioinformatics and System Biology(
)( ), 2018

[PO5] Shinji Nakaoka, Kei Sato, Compositional change of the gut microbiota in HIV infected
humanized mice, Next Gen Immunology( ), 2018

[PO6] Shinji Nakaoka, Mathematical and informatics analysis of community composition
change of the gut microbiota, 2018 INTERNATIONAL WORKSHOP ON MATHEMATICAL BIOLOGY(
)( ), 2018

[PO7] Shinji Nakaoka, Kei Sato,Data mining of metabolic interactions in a gut microbial
community induced by viral infection, SMB 2017 Annual Meeting( ), 2017

[PO8] Shinji Nakaoka, Detection of responding factors to external perturbation in a
microbial community, International Symposium on Nonlinear Theory and I'ts Applications(
)( ), 2017

[PO9] Shinji Nakaoka, Investigation for population kinetics of reservoir cells in HIV
infection, A3 Workshop on Interdisciplinary Research Connecting Mathematics and
Biology( )( ), 2016 04 22 ~ 2016 04 24

[P10] Shinji Nakaoka, Exploration of combinatorial emergence in coupled boolean network
systems, The 22nd International Conference on Difference Equations and Applications(
), 2016 07 24 -~ 2016 07 29



[P11]

[P12]

03 21

¢y

@

(

), 2016

90

09

08

~ 2016

09

08

), 2017

03

21

, Development of a computational grammar for immune cell processes,

~ 2017



