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Result

Alzheimer's disease (AD) is a devastating neurodegenerative disorder with a relentless progression.
Accumulation of tau protein is considered to be crucial for the AD pathogenesis. Recently, we found that
tau protein degradation is mainly mediated by the Atg5-independent alternative autophagy (nature 2009),
because (1) accumulation of tau and neurodegeneration was observed in neuron-specific alternative
autophagy deficient mice, and (2) alternative autophagy-inducing compounds were useful to degrade tau
protein. Based on the data, we are going to perform the following experiments: (1) analysis of the AD
pathogenesis from the tau protein degradation, (2) improvement of the alternative autophagy-inducing
compound that degrade tau protein, (3) development of the PET prove that evaluate alternative autophagy
activity. We also identify other misfolding diseases derived from the alternative autophagy impairment, and
develop compounds that are useful to degrade these misfolding proteins.

Specifically, this year, we obtained following results.

(1) Analysis of the AD pathogenesis from the tau protein degradation
We analyzed the tau protein modifications in the brain of alternative autophagy-deficient mice and in the

alternative autophagy-deficient Neuro2a cells. In both cases, we found the accumulation of phosphorylated tau
protein at S%2/T2%5, We also found other tau modifications, but they were also identified in the brain of healthy
mice. When we examined neurons in alternative autophagy-deficient mice using electron microscopy, we
observed accumulation of fibrils and incomplete autophagic membranes in the cytosolic compartment. These
results indicated that phospho-tau is accumulated in the brain of alternative autophagy-deficient mice.

(2) Improvement of the alternative autophagy-inducing compound that degrade tau protein

To examine whether alternative autophagy-inducing compound X is useful for the improvement of
tauopathy, we applied this compound in tauopathy model mice (rTg4510), in which we observed behavior
disorder from 3 month of age. Preliminary assessment using Rotor-rod test suggested that administration of
compound X weakly improved tauopathy.

We synthesized 12 relative compounds of compound X, and examined their alternative autophagy-inducing
activity. Among them, we identified one good compound that has an equivalent activity with compound X.

We also searched tau-degrading compounds among 120 alternative autophagy-inducing compounds using
tau-expressing Neuro2a cells. As a result, we identified novel 3 compounds that have tau-degrading activity.

(3) Improvement studies on labeling technology of small molecules
In order to analyze the brain uptake and accumulation of novel autophagy-inducing compounds by PET
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imaging study, we performed improvement studies on labeling technology of small molecules with a positron
nucleus. Among the positron nuclei available, we focused on fluorine-18 (*8F) due to its preferable properties
in terms of application to human clinical studies; *®F has relatively long half-life (t» = approx. 110 min),
and PET images obtained using '®F-labeled PET probes generally provide highly precise data. After
optimization of a labeling method, we successfully found efficient reaction conditions for preparation of an
18F-labeled compound in pure form in high radiochemical yield.

III. RO/ ~DFEE

(1) =5 - HEEEFICRT 2m—% (HWNEE 8 k. EEGE 10 fF)

1. Yoshida T, Tsujioka M, Honda S, Shimizu S. Autophagy suppresses cell migration by
degrading GEF-H1, a RhoA GEF. OncoTarget. 2016, 7, 34420-9.

2. NasuY, Benke A, Arakawa S, Yoshida G, Kawamura G, Manley S, Shimizu S, Ozawa T. In
situ characterization of Bak clusters responsible for cell death using single molecule
localization microscopy. Scientific Reports. 2016, 6, Article number: 27505.

3. Yamaguchi H, Arakawa S, Kanaseki T, Miyatsuka T, Fujitani Y, Watada H, Tsujimoto Y,
Shimizu S. Golgi membrane-associated degradation pathway in yeast and mammals.
EMBO J. 2016, 35, 1991-2007.

4. Konishi A, Izumi T, Shimizu S. TRF2 interacts with core histones to stabilize chromosome
ends. J. Biol. Chem. 2016, 291, 20798-810.

5. Torii S, Yoshida T, Arakawa S, Honda S, Nakanishi A, Shimizu S. Identification of PPM1D
as an essential Ulkl phosphatase for genotoxic stress-induced autophagy. EMBO R. 2016,
11, 1552-1564.

6. Watanabe Y, Honda S, Konishi A, Arakawa S, Murohashi M, Yamaguchi H, Torii S, Tanabe
M, Tanaka S, Warabi E, Shimizu S. Autophagy controls centrosome number by degrading
Cep63. Nature Commun. 2016, 7, Article number: 13508.

7. Arakawa S, Honda S, Torii S, Tsujioka M, Shimizu S. Monitoring of Atg5-independent

Mitophagy. “Mitophagy” Volume in ‘Methods in Molecular Biology Springer Press, 2016, in
press.

8. Kozaki T, Komano J, Kanbayashi D, Takahama M, Misawa T, Satoh T, Takeuchi O, Kawai
T, Shimizu S, Matsuura Y, Akira S, Saitoh T. Mitochondrial damage elicits a TCDD-
inducible poly(ADP-ribose) polymerase-mediated antiviral response. Proc. Natl. Acad. Sci.
USA. 2017, 114, 2681-2686.

9. Arakawa S, Tsujioka M, Yoshida T, Tajima-Sakurai H, Nishida Y, Matsuoka Y, Yoshino I,
Tsujimoto Y, Shimizu S. Role of Atg5-dependent cell death in the embryonic development of
Bax/Bak double-knockout mice. Cell Death and Differ. 2017, in press



10. Arakawa S, Honda S, Yamaguchi H, Shimizu S. Molecular mechanisms and physiological
roles of Atgh/Atg7-independent alternative autophagy Proceedings of the Japan Academy,
Series B. 2017, in press

IHAKER. #i-sA— b7 7 —ED3 R, TDOJIN news] 2017, 160: 1-7.
EAKER. 4— 77 O—KE~T RO O R L7giA— ~ 7 7 o —##%. TLABIOJ
2017, EIR| A,

1, EAKEE. 4A— 77 U— M. EBRESSHETS Tkst) 2016, 55-61.

2, E/KERE. MEzEbd 25722 A D= A LD F,. T OKESHSE] 2016, 64: 91-103.
3, Ji/KEEL. Autophagy. HMIMUFE & FEH. [ HASNEZEMEEE] 2016, 1171 622-624.

4, JEAKEE. A— 77— HMiflase. THFAEEE) 2016, 73: 157-162.

5, BAKER. I b= FU TEREIHE & 3 DMt A, T 21 2016, 19: 38-43.

6, JEAKER. I by FU THEEED S MR [EL0HDA] 2017, 260: 31-36.

7

8

(2) B8« VURY T LEIIBITD A « NAX —FER

1. TAutophagy. MifG%E& B DEA, JHAREERE, 5 89 [ IRYE FEBEFEI T —,
2016/4/16, [EA.

2. “Identification of natural product against fatty liver disease based on the
induction of alternative autophagy” HEH. J&/KEHR. ICNIM2016, 2016/7/15 [EM.

3. IA—bh7rU—LHMlEORA] N, HAKER, HA Cell Death FRTfEE I ) —,
2016/8/25, [EMA.

4.  “Alternative Autophagy is Essential for Neuronal Cell Maintenance” HE8H, Jf/KE
FL.  Brain Protein Aging and Dementia Control International Workshop, 2016/9/9
M.

5. [ har NUTOMNEEHEZOMFEIC L DA DBH, BKER, FIALPsit )
—, 2016/9/29, EWM.

6. “Macroautophagy mediates elimination of mitochondria from embryonic
reticulocytes” MBA, JEAKERL, 5 78 [A] A AMEF4, 2016/10/13, [EWN.
7.  “Mitophagy and alternative autophagy” HEH, JE/KEE. The 13th Conference of

Asian Society for Mitochondrial Research and Medicine, 2016/10/31. [EMH.

8. [DNAGEFHEMA— b7 7 V— %l 5 PPMID 43 7 Of%]) N¥E, BEBE SHHEL,
T, AHEWH, JFAKEE, 5104 — 7 7 U—bi%Es, 2016/11/14, [EN.

9. [DNAGFHFEMA— ~ 7 7 ¥V — & HIfHF 2 PPUID 43 F-O%E]) AA X — BEBE
Ed, SRl JEAER. 539 By AW, 2016/11/30-12/02, [EA.



(3) TEEREOFF - Heffrahittz ) (x4 200 #A

L. ERAESOEY TR, JEKER, Wi, 2016/7/22, EAN

2. THERRINOD & 80 B % 533 2 8 LR A GOMED 2 %8 B — W R 95 1 JR A o IfiUA R A~ D B
H-owrraetk] , JEKEE, 7L AU U —2Z (EMBO J), 2016/8/16, [EN.

3. [IREHRRIC X DHIIRSE 22D A B = X DN EMRIA-A4— N 7 7 O —OF = I A RS-
IE/KER, 7L AU U —A(EMBO R), 2016/9/12, [EWH.

4. MEOH O I B L 2 ORI X DR, KRR, ORI RABEE, 2016/10/21,
[N

5. YR OY)ESFIN MO MRS 2 IERE K3~ 2 87270 A = X8 & iRy, 8 KER,
7L AU Y —Z (Nature Commun), 2016/11/21, [EA.

6. (A= 77— LCHE], EAKRER, FOER R R 28 FEH b BIFLHBKRE,
2016/12/15, [EM.

(4) Fririka
L



