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Sotoyama H, Iwakura Y, Oda K, Sasaoka T, Takei N, Kakita A, Enomoto H, Nawa H. Striatal 
hypodopamine phenotypes found in transgenic mice that overexpress glial cell line-derived neurotrophic 
factor. Neurosci Lett. 2017 Jul 27;654:99-106. doi: 10.1016/j.neulet.2017.06.005.  
 
Namba H, Nagano T, Jodo E, Eifuku S, Horie M, Takebayashi H, Iwakura Y, Sotoyama H, Takei N, Nawa 
H. Epidermal growth factor signals attenuate phenotypic and functional development of neocortical GABA 
neurons. J Neurochem. 2017 Jun 13. doi: 10.1111/jnc.14097. 

Iwakura Y, Wang R, Inamura N, Araki K, Higashiyama S, Takei N, Nawa H. Glutamate-dependent 
ectodomain shedding of neuregulin-1 type II precursors in rat forebrain neurons. PLoS One. 2017 Mar 
28;12(3):e0174780. doi: 10.1371/journal.pone.0174780. 

Furukawa K, Fuse I, Iwakura Y, Sotoyama H, Hanyu O, Nawa H, Sone H, Takei N. Advanced glycation 
end products induce brain-derived neurotrophic factor release from human platelets through the Src-family 
kinase activation. Cardiovasc Diabetol. 2017 Feb 8;16(1):20. doi: 10.1186/s12933-017-0505-y. 
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1. Good JM, Mahoney M, Miyazaki T, Tanaka KF, Sakimura K, Watanabe M, Kitamura K, Kano M.: 
Maturation of Cerebellar Purkinje Cell Population Activity during Postnatal Refinement of Climbing Fiber 
Network. Cell Rep. 2017 Nov 21;21(8):2066-2073. 
 
2. Katori S, Noguchi-Katori Y, Okayama A, Kawamura Y, Luo W, Sakimura K, Hirabayashi T, Iwasato T, 
Yagi T.: Protocadherin- C2 is required for diffuse projections of serotonergic axons. Sci Rep. 2017 Nov 
21;7(1):15908. 
 
3. Nakayama K, Ohashi R, Shinoda Y, Yamazaki M, Abe M, Fujikawa A, Shigenobu S, Futatsugi A, Noda M, 
Mikoshiba K, Furuichi T, Sakimura K, Shiina N.: RNG105/caprin1, an RNA granule protein for dendritic 
mRNA localization, is essential for long-term memory formation. Elife. 2017 Nov 21;6. pii: e29677. 
 



4. Soya S, Takahashi TM, McHugh TJ, Maejima T, Herlitze S, Abe M, Sakimura K, Sakurai T.: Orexin 
modulates behavioral fear expression through the locus coeruleus. Nat Commun. 2017 Nov 20;8(1):1606. 
 
5. Honda A, Usui H, Sakimura K, Igarashi M.: Rufy3 is an adapter protein for small GTPases that activates a 
Rac guanine nucleotide exchange factor to control neuronal polarity. J Biol Chem. 2017 Dec 
22;292(51):20936-20946. 
 
6. Miyamoto H, Shimohata A, Abe M, Abe T, Mazaki E, Amano K, Suzuki T, Tatsukawa T, Itohara S, 
Sakimura K, Yamakawa K.: Potentiation of excitatory synaptic transmission ameliorates aggression in mice 
with Stxbp1 haploinsufficiency. Hum Mol Genet. 2017 Dec 15;26(24):4961-4974. 
 
7. Hayakawa-Yano Y, Suyama S, Nogami M, Yugami M, Koya I, Furukawa T, Zhou L, Abe M, Sakimura K, 
Takebayashi H, Nakanishi A, Okano H, Yano M.: An RNA-binding protein, Qki5, regulates embryonic neural 
stem cells through pre-mRNA processing in cell adhesion signaling. Genes Dev. 2017 Sep 15;31(18):1910-
1925. 
 
8. Hou X, Yoshioka N, Tsukano H, Sakai A, Miyata S, Watanabe Y, Yanagawa Y, Sakimura K, Takeuchi K, 
Kitagawa H, Hensch TK, Shibuki K, Igarashi M, Sugiyama S.: Chondroitin Sulfate Is Required for Onset and 
Offset of Critical Period Plasticity in Visual Cortex. Sci Rep. 2017 Oct 3;7(1):12646. 
 
9. Yamauchi K, Yamazaki M, Abe M, Sakimura K, Lickert H, Kawasaki T, Murakami F, Hirata T.: Netrin-1 
Derived from the Ventricular Zone, but not the Floor Plate, Directs Hindbrain Commissural Axons to the 
Ventral Midline. Sci Rep. 2017 Sep 20;7(1):11992. 
 
10. Kajita Y, Kojima N, Koganezawa N, Yamazaki H, Sakimura K, Shirao T.: Drebrin E regulates neuroblast 
proliferation and chain migration in the adult brain. Eur J Neurosci. 2017 Sep;46(6):2214-2228. 
 
11. Mashud R, Nomachi A, Hayakawa A, Kubouchi K, Danno S, Hirata T, Matsuo K, Nakayama T, Satoh R, 
Sugiura R, Abe M, Sakimura K, Wakana S, Ohsaki H, Kamoshida S, Mukai H.: Impaired lymphocyte 
trafficking in mice deficient in the kinase activity of PKN1. Sci Rep. 2017 Aug 9;7(1):7663. 
 
12. Choo M, Miyazaki T, Yamazaki M, Kawamura M, Nakazawa T, Zhang J, Tanimura A, Uesaka N, 
Watanabe M, Sakimura K, Kano M.: Retrograde BDNF to TrkB signaling promotes synapse elimination in 
the developing cerebellum. Nat Commun. 2017 Aug 4;8(1):195. 
 
13. Kawai T, Okochi Y, Ozaki T, Imura Y, Koizumi S, Yamazaki M, Abe M, Sakimura K, Yamashita T, 
Okamura Y.: Unconventional role of voltage-gated proton channels (VSOP/Hv1) in regulation of microglial 
ROS production. J Neurochem. 2017 Sep;142(5):686-699. 
 
14. Yamaguchi J, Suzuki C, Nanao T, Kakuta S, Ozawa K, Tanida I, Saitoh T, Sunabori T, Komatsu M, 
Tanaka K, Aoki S, Sakimura K, Uchiyama Y.: Atg9a deficiency causes axon-specific lesions including 
neuronal circuit dysgenesis. Autophagy. 2017 May 17:1-14. 
 
15. Koike M, Shibata M, Sunabori T, Yamaguchi J, Sakimura K, Komatsu M, Tanaka K, Uchiyama Y.: 



Purkinje Cells Are More Vulnerable to the Specific Depletion of Cathepsin D Than to That of Atg7. Am J 
Pathol. 2017 Jul;187(7):1586-1600. 
 
16. Rubio ME, Matsui K, Fukazawa Y, Kamasawa N, Harada H, Itakura M, Molnár E, Abe M, Sakimura K, 
Shigemoto R.: The number and distribution of AMPA receptor channels containing fast kinetic GluA3 and 
GluA4 subunits at auditory nerve synapses depend on the target cells. Brain Struct Funct. 2017 
Nov;222(8):3375-3393. 
 
17. Shimizu T, Wisessmith W, Li J, Abe M, Sakimura K, Chetsawang B, Sahara Y, Tohyama K, Tanaka KF, 
Ikenaka K.: The balance between cathepsin C and cystatin F controls remyelination in the brain of Plp1-
overexpressing mouse, a chronic demyelinating disease model. Glia. 2017 Jun;65(6):917-930. 
 
18. Danno S, Kubouchi K, Mehruba M, Abe M, Natsume R, Sakimura K, Eguchi S, Oka M, Hirashima M, 
Yasuda H, Mukai H.: PKN2 is essential for mouse embryonic development and proliferation of mouse 
fibroblasts. Genes Cells. 2017 Feb;22(2):220-236. 
 
19. Yabuki Y, Matsuo K, Izumi H, Haga H, Yoshida T, Wakamori M, Kakei A, Sakimura K, Fukuda T, 
Fukunaga K.: Pharmacological properties of SAK3, a novel T-type voltage-gated Ca2+ channel enhancer. 
Neuropharmacology. 2017 May 1;117:1-13. 
 
20. García-Hernández S, Abe M, Sakimura K, Rubio ME.: Impaired auditory processing and altered structure 
of the endbulb of Held synapse in mice lacking the GluA3 subunit of AMPA receptors. Hear Res. 2017 
Feb;344:284-294. 
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(1) Hou X, Yoshioka N, Tsukano H, Sakai A, Miyata S, Watanabe Y, Yanagawa Y, Sakimura K, Takeuchi 
K, Kitagawa H, Hensch TK, Shibuki K, Igarashi M, Sugiyama S, Chondroitin sulfate is required for 
onset and offset of critical period plasticity in visual cortex. Sci Rep, 7, 12646, 2017. 
 
(2) Tsukano H, Horie M, Ohga S, Takahashi K, Kubota Y, Hishida R, Takebayashi H, Shibuki K, 
Reconsidering tonotopic maps in the auditory cortex and lemniscal auditory thalamus in mice. Front 
Neural Circuits, 11, 14, 2017.  
 
(3) Tsukano H, Horie M, Takahashi K, Hishida R, Takebayashi H, Shibuki K, Independent tonotopy and 
thalamocortical projection patterns in two adjacent parts of the classical primary auditory cortex in mice. 
Neurosci Lett, 637, 26-30, 2017. 
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1. Sakamoto M, Kakita A, Domingo JL, Yamazaki H, Oliveir RB, Sarrazin S, Eto K, Murata K. Stable and 
episodec/bolus patterns of methylercury exposure on mercury accumulation and histopathologic alterations in 
the nervous system. Environ Res 2017; 152: 446-453. doi: 10.1016/j.envres.2016.06.034. 

2. Jiang H, Shimizu H, Shiga A, Tanaka M, Onodera O, Kakita A, Takahashi H. Familial amyotrophic lateral 
sclerosis with an I104F mutation in the SOD1 gene: multisystem degeneration with neurofilamentous 
aggregates and SOD1 inclusions. Neuropathology 2017; 37 (1): 69-77. doi:10.1111/neup.12324. 

3. Hoshi A, Tsunoda A, Tada M, Takahashi H, Nishizawa M, Ugawa Y, Kakita A. Immunohistochemical 
evaluation of aquaporin 1 and aquaporin 4 in the temporal cortex of patients with Parkinson�s disease. Brain 
Pathology 2017; 27 (2): 160-168. doi: 10.1111/bpa.12369. 

4. Miki Y, Tanji K, Mori F, Kakita A, Takahashi H, Wakabayashi K. PLA2G6 accumulates in Lewy bodies in 
PARK14 and idiopathic Parkinson�s disease. Neurosci Lett 2017; 645: 40-45. doi: 
10.1016/j.neulet.2017.02.027. 

5. 
pp. 28-31 total 259 pages. 

6. Kitaura H, Sonoda M, Teramoto S, Shirozu H, Shimizu H, Kimura M, Masuda H, Ito Y, Takahashi H, Kwak S, 
Kameyama S, Kakita A. Ca2+-permiable AMPA receptors associated with epileptogenesis of hypothalamic 
hamartoma. Epilepsia 2017; 58 (4): e59-e63. doi: 10.1111/epi.13700. 

7. Sotoyama H, Iwakura Y, Oda K, Sasaoka T, Takei N, Kakita A, Enomoto H, Nawa H. Striatal hypodopamine 
phenotypes found in transgenic mice that overexpress glial cell line-derived neurotrophic factor. Neurosci Lett 
2017; 654: 99-106. doi: 10.1016/j.neulet.2017.06.005. 

8. Nagahara Y, Shimazawa M, Ohuchi K, Ito J, Takahashi H, Tsuruma K, Kakita A, Hara H. GPNMB 
ameliorates mutant TDP-43-induced motor neuron cell death. J Neurosci Res 2017; 95 (8): 1647-1665. doi: 
10.1002/jnr.23999. 

9.  ( ), 13
pp.66-73  

10. Miki Y, Tanji K, Mori F, Kakita A, Takahashi H, Wakabayashi K. Alteration of mitochondrial protein PDHA1 
in Lewy body disease and PARK14. Biochem Biophys Res Commun 2017; 489 (4): 439-444. pii: S0006-
291X(17)31071-9. doi: 10.1016/j.bbrc.2017.05.162. 

11. Nakayama Y, Masuda H, Shirozu H, Ito Y, Higashijima T, Kitaura H, Fujii Y, Kakita A, Fukuda M. Features of 
amygdala in patients with mesial temporal lobe epilepsy and hippocampal sclerosis: an MRI volumetric and 
histopathological study. Epilepsy Res 2017; 135: 50-55. doi: 10.1016/j.eplepsyres.2017.05.010. 

12.  �
pp. 300-307. total 358 pages. 2017 9 25  

13. Melanocytic lesions  4
pp. 147-149. total 218 pages 2017 10 1  

14. Nishiura K, Ichikawa-Tomikawa N, Sugimoto K, Kunii Y, Kashiwagi K, Tanaka M, Hino M, Sugino T, Yabe 
H, Takahashi H, Kakita A, Imura T, Chiba H. PKA activation and endothelial claudin-5 breakdown in the 
schizophrenic prefrontal cortex. Oncotarget 2017; 8 (55): 93382-93391. doi: 10.18632/oncotarget.21850. 

15. Inoue Y, Ueda M, Tasaki M, Takeshima A, Nagatoshi A, Masuda T, Misumi Y, Kosaka T, Nomura T, 
Mizukami M, Matsumoto S, Yamashita T, Takahashi H, Kakita A, Ando Y. Sushi repeat-containing protein 1: a 
novel disease-associated molecule in cerebral amyloid angiopathy. Acta Neuropathol 2017; 134 (4): 605-617. 
doi: 10.1007/s00401-017-1720-z. 



16. Yoneoka Y, Okada M, Watanabe N, Aoki S, Kakita A, Fujii Y (2017 December). Ectopic pituitary null cell 
adenoma arising from the infundibulum in the third ventricle: a successful endonasal transsphenoidal resection 
after long-term follow-up with MR imaging. Interdisciplinary Neurosurgery 2017; 10: 122-125. 

17. Focal cortical dysplasia (FCD). pp. 59-
60. total 165 pages. 2017 12 20  
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1. Furukawa T, Shimoyama S, Miki Y, Nikaido Y, Koga K, Nakamura K, Wakabayashi K, Ueno S. Chronic diazepam 

administration increases the expression of Lcn2 in the CNS. Pharma Res Per 5: e00283, 2017 
2.

 
3. Miki Y, Yoshizawa T, Morohashi S, Seino Y, Kijima H, Shoji M, Mori A, Yamashita C, Hatano T, Hattori N, 

Wakabayashi K. Neuropathology of PARK14 is identical to idiopathic Parkinson�s disease. Mov Disord 32: 799-800, 
2017 

4. Miki Y, Tanji K, Mori F, Kakita A, Takahashi H, Wakabayashi K. PLA2G6 accumulates in Lewy bodies in PARK14 
and idiopathic Parkinson�s disease. Neurosci Lett 645: 40-45, 2017 

5. . . 
 

6. Dementia Japan 31: 280-287, 2017 
7. Miki Y, Tanji K, Mori F, Kakita A, Takahashi H, Wakabayashi K. Alteration of mitochondrial protein PDHA1 in Lewy 

body disease and PARK14. Biochem Biophys Res Com 489: 439-444, 2017 
8. Miki Y, Tanji K, Kimura K, Yajima N, Mori M, Wakabayashi K. Status epilepticus causing extensive microvacuolar 

change with astrocytosis and diffusion MRI abnormalities in the subcortical white matter. J Neurol Sci 382: 55-57, 
2017 
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1. Natsumeda M, Uzuka T, Watanabe J, Fukuda M, Akaiwa Y, Hanzawa K, Okada M, Oishi M, Fujii Y. High Incidence 

of Deep Vein Thrombosis in the Perioperative Period of Neurosurgical Patients. World Neurosurg. 2018 Apr;112:e103-
e112. doi: 10.1016/j.wneu.2017.12.139. Epub 2017 Dec 30. 

2. Kwee IL, Matsuzawa H, Nakada K, Fujii Y, Nakada T. Inferior colliculus syndrome: Clinical magnetic 
resonance microscopy anatomic analysis on a 7 T system. SAGE Open Med Case Rep. 2017 Dec 
5;5:2050313X17745209. doi: 10.1177/2050313X17745209. eCollection 2017. 

3. Ohno H, Yoneoka Y, Jinguji S, Watanabe N, Okada M, Fujii Y. Has acromegaly been diagnosed earlier? J Clin 
Neurosci. 2018 Feb;48:138-142. doi: 10.1016/j.jocn.2017.10.086. Epub 2017 Nov 4. 

4. Sugita Y, Furuta T, Ohshima K, Komaki S, Miyoshi J, Morioka M, Abe H, Nozawa T, Fujii Y, Takahashi H, Kakita A. 
The perivascular microenvironment in Epstein-Barr virus positive primary central nervous system lymphoma: The role 
of programmed cell death 1 and programmed cell death ligand 1. Neuropathology. 2018 Apr;38(2):125-134. doi: 
10.1111/neup.12435. Epub 2017 Oct 24. 

5. Natsumeda M, Motohashi K, Igarashi H, Nozawa T, Abe H, Tsukamoto Y, Ogura R, Okada M, Kobayashi T, Aoki H, 
Takahashi H, Kakita A, Okamoto K, Nakada T, Fujii Y. Reliable diagnosis of IDH-mutant glioblastoma by 2-
hydroxyglutarate detection: a study by 3-T magnetic resonance spectroscopy. Neurosurg Rev. 2018 Apr;41(2):641-647. 
doi: 10.1007/s10143-017-0908-y. Epub 2017 Sep 27. 

6. Yoneoka Y, Yoshimura J, Sano M, Okada M, Kakita A, Fujii Y. Third Ventricle Germ Cell Tumor Originating from the 
Infundibulum with Rapidly Expansive Enlargement. Pediatr Neurosurg. 2018;53(1):49-54. doi: 10.1159/000480021. 
Epub 2017 Sep 26. 

7. Fukuda M, Masuda H, Shirozu H, Ito Y, Nakayama Y, Higashijima T, Fujii Y. Additional resective surgery after the 
failure of initial surgery in patients with intractable epilepsy. Neurol Res. 2017 Dec;39(12):1049-1055. doi: 
10.1080/01616412.2017.1376471. Epub 2017 Sep 11. 

8. Suzuki Y, Nakamura Y, Yamada K, Kurabe S, Okamoto K, Aoki H, Kitaura H, Kakita A, Fujii Y, Huber VJ, Igarashi H, 
Kwee IL, Nakada T. Aquaporin Positron Emission Tomography Differentiates Between Grade III and IV Human 
Astrocytoma. Neurosurgery. 2018 Jun 1;82(6):842-846. doi: 10.1093/neuros/nyx314. 



9. Nakayama Y, Masuda H, Shirozu H, Ito Y, Higashijima T, Kitaura H, Fujii Y, Kakita A, Fukuda M. Features of 
amygdala in patients with mesial temporal lobe epilepsy and hippocampal sclerosis: An MRI volumetric and 
histopathological study. Epilepsy Res. 2017 Sep;135:50-55. doi: 10.1016/j.eplepsyres.2017.05.010. Epub 2017 May 22. 

10. Terasaka S, Taoka T, Kuroda S, Mikuni N, Nishi T, Nakase H, Fujii Y, Hayashi Y, Murata JI, Kikuta KI, Kuroiwa T, 
Shimokawa S, Houkin K. Efficacy and safety of non-suture dural closure using a novel dural substitute consisting of 
polyglycolic acid felt and fibrin glue to prevent cerebrospinal fluid leakage-A non-controlled, open-label, multicenter 
clinical trial. J Mater Sci Mater Med. 2017 May;28(5):69. doi: 10.1007/s10856-017-5877-8. Epub 2017 Mar 29. 

11. Miyahara H, Yadavilli S, Natsumeda M, Rubens JA, Rodgers L, Kambhampati M, Taylor IC, Kaur H, 
Asnaghi L, Eberhart CG, Warren KE, Nazarian J, Raabe EH: The dual mTOR kinase inhibitor TAK228 
inhibits tumorigenicity and enhances radiosensitaization in diffuse intrinsic pontine glioma. Cancer 
Letters, 2017 Aug 1;400:110-116. doi: 10.1016/j.canlet.2017.04.019. Epub 2017 Apr 25. 

12. Sano M, Yamashita S, Aiba T: The prevalence of calcification around odontoid process and the incidence 
of crowned dens syndrome in the neurosurgical ward: A single institution�s analysis. Modern 
Rheumatology. 2017 Apr 25:1-6. doi: 10.1080/14397595.2017.1316461. [Epub ahead of print] 

13. Koyanagi M, Ishii A, Imamura H, Satow T, Yoshida K, Hasegawa H, Kikuchi T, Takenobu Y, Ando M, 
Takahashi JC, Nakahara I, Sakai N, Miyamoto S. Long-term outcomes of coil embolization of unruptured 
intracranial aneurysms. JNS Jan 5:1-7, 2018 

14. Maruya J, Tamura S, Hasegawa R, Saito Ayana, Nishimaki K, Fujii Y. Endoscopic hematoma evacuation 
following emergent burr hole surgery for acute subdural hematoma in critical conditionos: Technical note. 
INAT 12: 48-51, 2018 

15. Funaki T, Takahashi JC, Houkin K, Kuroda S, Takeuchi S, Fujimura M, MiyamotoS; on behalf of the 
JAM Trial Investigators.: Angiographic features of hemorrhagic moyamoya disease with high recurrence 
risk: a supplementary analysis of the Japan Adult Moyamoya Trial. JNS 161650 Apr14:1-8, 2017 

16. Yoneoka Y, Yoshimura J, Okada M, Fujii Y. Perifocal Inflammatory Reaction with Volume Fluctuation 
Caused by Diagnostic Radiation-Induced Regression in Germinoma Makes Histological Diagnosis 
Difficult despite Its Disappearance following Treatment: A Significant Pitfall and Countermeasures to It. 
Pediatr Neurosurg. 2017;52(2):87-92. doi: 10.1159/000450583. Epub 2016 Nov 11. 

17. Yamanaka R, Morii K, Sano M, Homma J, Yajima N, Tsukamoto Y, Ogura R, Natsumeda M, Aoki H, Akiyama K, 
Saitoh T, Hondoh H, Kawaguchi A, Takahashi H, Fujii Y. Long-term survivors of primary central nervous system 
lymphoma.  Jpn J Clin Oncol. 2017 Feb 23;47(2):101-107. doi: 10.1093/jjco/hyw171. 

18. Yamanaka R, Morii K, Shinbo Y, Sano M, Homma J, Tsuchiya N, Yajima N, Tsukamoto Y, Ogura R, Natsumeda M, 
Aoki H, Akiyama K, Saitoh T, Tamura T, Hondoh H, Kawaguchi A, Takahashi H, Fujii Y. Late relapse of primary 
central nervous system lymphoma.  Leuk Lymphoma. 2017 Feb;58(2):475-477. Epub 2016 Jul 10. 
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1)  
 (multiple sclerosis: MS)  (neuromyelitis optica: NMO) 

NMO
 (Neurology 2009;73:1628) NMO

 (Annals of Neurology 2013;73:65) NMO
 (Annals of Neurology 2016;79:605)

Hans Lassmann  (J Neurol Neurosurg Psychiatry 2017;88:137) MS
MS

 (Multiple Sclerosis Journal 2013;19(9):1230-1233) MS NMO
 

 
2)  (2017 ) 

1. Kawachi I, Lassmann H. Neurodegeneration in multiple sclerosis and neuromyelitis optica. J Neurol 
Neurosurg Psychiatry. 2017;88:137-145. doi:10.1136/jnnp-2016-313300. 



 
 

1)  

ANCA  (Brain 2014;137(2):520-
536)  

 
NMDA  

1)  
Josep Dalmau

NMDA Lancet Neurology  (Lancet Neurology 
2013;12(2):157) Neurology  (Neurology 2013; 81(12):1058) Josep Dalmau

 (neurexin-3  antibodies) 
Neurology  (Neurology 2016;86(24):2235.)  

 
POEMS  

1)  

POMS Lancet Neurology  (Lancet 
Neurology 2016;15(11):1129) BMJ open (2015 Jan 8;5(1):e007330.) . 

 
 

1)  



ShimoJani LLC

 
2)  

  
1. Kanazawa M, Ninomiya I, Hatakeyama M, Takahashi T, Shimohata T. Microglia and 

monocytes/macrophages polarization reveal novel therapeutic mechanism against stroke. Int J Mol Sci. 
2017 Oct 13;18(10). pii: E2135. 

 
PCT/JP2017/031246  

 
 

1)  

 
 
2)  

2001 16 20  
 

1. Hatakeyama M, Sato T, Takahashi T, Kanazawa M, Onodera O, Nishizawa M, Shimohata T. Predictors of 
cognitive impairment in multiple system atrophy. J Neurol Sci. 2018 May 15;388:128-132. Epub 2018 Mar 10. 

 
 

 
 
1. Kawachi I, Lassmann H. Neurodegeneration in multiple sclerosis and neuromyelitis optica. J Neurol 

Neurosurg Psychiatry. 2017;88:137-145. doi:10.1136/jnnp-2016-313300. 
2. Kawachi I. Clinical characteristics of autoimmune optic neuritis. Clinical and Experimental 

Neuroimmunology. 2017;8(Suppl.1):8�16. DOI: 10.1111/cen3.12354. 
3. Kawachi I. Autoantibodies in Paraneoplastic Neurological Syndrome. Brain Nerve. 2018 Apr;70(4):329-

339. doi: 10.11477/mf.1416201006. 
4. Saji E, Kawachi I. The 3rd MS Summer College in Kobe (6�7 August 2016) Practical issues and new 

horizons in MS, NMOSD and related disorders. Clinical and Experimental Neuroimmunology. 
2017;8(Suppl.1):58�62. 

5. Ogino M, Okamoto S, Ohta H, Sakamoto M, Nakamura Y, Iwasaki K, Yoshida M, Hiroi S, Kawachi I. 
Prevalence, treatments and medical cost of multiple sclerosis in Japan based on analysis of a health 
insurance claims database. Clinical and Experimental Neuroimmunology. 2017;8(4):318-326. First 
published: 4 September 2017. doi: 10.1111/cen3.12411. 

6. Ogino M, Shiozawa A, Ota H, Okamoto S, Hiroi S, Kawachi I. Treatment and comorbidities of multiple 
sclerosis in an employed population in Japan: analysis of health claims data. Neurodegener Dis Manag. 
2018 Apr;8(2):97-103. doi: 10.2217/nmt-2017-0047. Epub 2018 Apr 25. 



7. ,  ( ). . 
2017. 2017 6 . . . 

8. . III. . 7. . 2. 
. Annual Review 2017. 2017 1 30 . 206-214. .  
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Abstract 

Late onset Alzheimer�s disease (LOAD) should be prevented rather than treated when cognitive decline is 
established. We have clarified that debris clearance from the brain can be profoundly affected by water dynamics 
through the aquaporin 4 (AQP4) system, the astrocyte abundant water channel, and that perturbation in the AQP4 
system plays a role in the pathogenesis of LOAD. 

To seek out application of newly developed AQP4 modulators for LOAD, we will utilize high-throughput in 
vivo MR method developed at the Center for Integrated Human Brain Science, Brain Research Institute for 
screening of drugs. Next, we will perform detailed animal studies to assess these effects on an Alzheimer�s disease 
animal model. 
 
A. INTRODUCTION 

The purpose of the research is to seek out 
applications of newly developed aquaporin 
modulators for Alzheimer�s disease in human, we will 
take newly developed high-throughput in vivo MR 
methods [1] for selection of candidate compounds. 
Next we will assess the effect of chronic 
administration of these compounds on an Alzheimer 
mouse model.  
[1] Igarashi H, Tsujita M, Kwee IL, Nakada T. Water 
influx into cerebrospinal fluid is primarily controlled 
by aquaporin-4, not by aquaporin-1: 17O JJVCPE 
MRI study in knockout mice. Neuroreport. 2014 Jan 
8;25(1):39-43 
 
B. MATERIALS AND METHODS 

We will use high-throughput in vivo JJVCPE MR 
method developed in Center for Integrated Human 
Brain Science, Brain Research Institute for screening 
of drugs. Candidate drugs will be administered 
following best effect protocol. Then MRI experiments 
will be performed on a 15 cm bore 7 T horizontal 
magnet (Magnex Scientific, Abingdon, UK) with a 
Varian Unity-INOVA-300 system (Varian Inc., Palo 
Alto, CA, USA) equipped with an actively shielded 
gradient. Normal saline, 0.2 ml, containing 20% of 
H2(17)O is to be administered as an intravenous bolus 
injection at the 75th phase (10 minutes after the first 
scan) using an automatic injector at 0.04 ml/second. 
Data will be analyzed using software developed at the 
Center to assess the efficiency of water metabolism. 

 

C. RESULTS 
 We have developed candidate small molecules, 
which effectively facilitate the water transport of 
AQP4 in living mice brain [2]. 
[2] Huber VJ, Igarashi H, Ueki S, Kwee IL, Nakada 
T.Aquaporin-4 facilitator TGN-073 promotes 
interstitial fluid circulation within the blood-brain 
barrier: [17O]H2O JJVCPE MRI study. Neuroreport. 
2018 Mar 20. doi: 10.1097/WNR.0000000000000990. 
[Epub ahead of print] 
 
D. DISCUSSION 
 We have developed the AQP4 facilitators. These 
molecules can be effective not only LOAD, but also 
diseases having something to do with brain water 
dynamics. 
 
E. CONCLUSION 
 We developed the first AQP4 facilitator in the world. 
 
F. PUBLICATIONS 
Huber VJ, Igarashi H, Ueki S, Kwee IL, Nakada T. 

Aquaporin-4 facilitator TGN-073 promotes 
interstitial fluid circulation within the blood-brain 
barrier: [17O]H2O JJVCPE MRI study. 
Neuroreport. 2018 Feb 27.  

Sakata H, Itoh K, Suzuki Y, Nakamura K, Watanabe 
M, Igarashi H, Nakada T. Slow Accumulations of 
Neural Activities in Multiple Cortical Regions 
Precede Self-Initiation of Movement: An 



Event-Related fMRI Study. eNeuro. 2017 Oct 
30;4(5).  

Natsumeda M, Motohashi K, Igarashi H, Nozawa T, 
Abe H, Tsukamoto Y, Ogura R, Okada M, 
Kobayashi T, Aoki H, Takahashi H, Kakita A, 
Okamoto K, Nakada T, Fujii Y. Reliable 
diagnosis of IDH-mutant glioblastoma by 
2-hydroxyglutarate detection: a study by 3-T 
magnetic resonance spectroscopy. Neurosurg Rev. 
2017 Sep 27.  

Nakada T, Kwee IL, Igarashi H, Suzuki Y. 
Aquaporin-4 Functionality and Virchow-Robin 
Space Water Dynamics: Physiological Model for 
Neurovascular Coupling and Glymphatic Flow. 
Int J Mol Sci. 2017 Aug 18;18(8). Review.  

Suzuki Y, Nakamura Y, Yamada K, Kurabe S, 
Okamoto K, Aoki H, Kitaura H, Kakita A, Fujii Y, 
Huber VJ, Igarashi H, Kwee IL, Nakada T. 
Aquaporin Positron Emission Tomography 
Differentiates Between Grade III and IV Human 
Astrocytoma. Neurosurgery. 2017 Jun 21.  

Shimizu M, Suzuki Y, Yamada K, Ueki S, Watanabe 
M, Igarashi H, Nakada T. Maturational decrease 
of glutamate in the human cerebral cortex from 
childhood to young adulthood: a 1H-MR 
spectroscopy study. Pediatr Res. 2017 
Nov;82(5):749-752. 

Takado Y, Terajima K, Shimohata H, Nakayama H, 
Watanabe M, Okamoto T, Ozawa T, Nishizawa 
M, Kwee IL, Igarashi H, Nakada T. Sleep Apnea 
in Multiple System Atrophy of Cerebellar Type: 
A 3.0 T MRS/Volumetry Pilot Study, 
eNeurologicalSci. 2016 Oct 11;6:6-8.  
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Abstract 
Malfunction of neuronal excitatory and inhibitory balance (E/I balance) causes Runaway Network Excitation in 
the brain that induces epilepsy and neuronal cell death. Neuronal functions are associated with epigenetic 
mechanisms that regulates gene expression without altering DNA sequence, but the association of E/I balance 
with epigenetics still needs to be addressed. 

Based on our preliminary data from next generation transcriptome profiling of activity-induced neurons and 
mouse models, we have proposed that the chromatin reader proteins, MBT (malignant brain tumor) and 
Bromodomain proteins, play critical role in homeostatic plasticity. 

In this proposal, we will elucidate the epigenetic regulatory mechanisms that prevent runaway excitation and 
maintain E/I balance by generating mouse models. Alteration of neuronal homeostasis underlies many 
neurological disorders, including epilepsy, autism spectrum disorders, schizophrenia and Alzheimer�s disease. 
Therefore, elucidation of MBT and boromodomain protein-mediated epigenetic regulatory mechanisms will 
provide a better understanding of the pathophysiology of neurological disorders and will likely identify novel 
therapeutic targets. 

During the last year, we have started generating Baz1a flox mouse line. Baz1a is one of the bromodomain 
proteins and has been suggested as a risk factor of neurodevelopmental disorder, William Syndrome. During the 
last grant period, we established ES cell lines. Currently, we have been working on generating Baz1a chimera 
lines. We expect to obtain F1 line by the end of 2018. By using this line, we will generate cell type-specific Baz1a 
knockout mice lines by crossing cre reporter lines. We consider that elucidation of Baz1a function can help to 
identify the pathophysiological hallmarks of neurodevelopmental disorder. 

A. INTRODUCTION
Runaway excitation of neuronal circuits induces 
epileptic seizures, leading to other detrimental 
consequences, including neuronal cell death. Neurons 
possess homeostatic mechanisms that compensate for 
activity perturbations and maintain the excitatory and 
inhibitory balance (E/I balance). Synaptic scaling is a 
specific form of homeostatic plasticity that maintains 
proper neuronal excitability via bidirectional 
regulation of synaptic strength of a neuron. Both 
excitatory and inhibitory synaptic strength are 
regulated by scaling mechanisms through changes in 
the abundance (scale) of postsynaptic receptors. 

Importantly, homeostatic synaptic plasticity 
requires activity-dependent transcriptional and 
translational machineries. However, the roles of 
epigenetic factors, particularly chromatin regulators, 
in this plasticity is largely unknown. Over two 
hundred chromatin regulators have been identified in 
mammals and are sub-classified by function (e.g., 
readers, erasers or writers of histone modifications, 
etc.). However, to the best of our knowledge, there are 
no reports describing a systematic analysis of 
chromatin regulators for potential roles in synaptic 
scaling. 



Recently, we demonstrate that L3mbtl1, one of 
the chromatin reader proteins, regulates basal synaptic 
transmission and homeostatic plasticity. Importantly, 
L3mbtl1 protein binds to the transcription start sites of 
Ctnnb1 and Gabra2, whose products mediate 
homeostatic synaptic scaling and inhibitory synaptic 
transmission, respectively. These results provide novel 
insight as to the roles of a chromatin reader molecule 
in synaptic function and neuronal homeostasis. During 
the course of this project, we identified that a 
chromatin reader molecule, Baz1a, is increased its 
expression in an activity-dependent manner. Baz1a 
has been suggested as a risk factor of 
neurodevelopmental disorder, William Syndrome, and 
elucidation of Baz1a function can help to identify the 
pathophysiological hallmarks of this disorder. To 
further study the role of Baz1a in synaptic function 
and animal behavior, we have started establishing the 
cell type-specific Baz1a knockout mouse models.  
B. MATERIALS AND METHODS
Animals: All animal protocols were approved by the 
Institutional Animal Care and Use Committee 
(IACUC) of the University of Massachusetts Medical 
School and Niigata University (PMID: 29398357 and 
29034317). L3mbtl1 mutant mice were generated 
previously and backcrossed with C57BL/6 for four 
generations. C57BL/6 mice were also used for RNA 
sequencing and primary cultures. 
RNA Extraction and RNA sequencing: Total RNA 
was extracted from hippocampus or hippocampal 
primary cultures using RNAqueous Micro Kits 
(Ambion). Sequencing libraries were prepared 
according to ScriptSeq v2 protocol following rRNA 
depletion (RiboZero, Illumina), and run on single-end 
50-bp modules in Illumina HiSeq 2000. 
Primary culture preparation: Primary hippocampal 
cultures were prepared from early postnatal (P0-1) 
mouse as described previously with some 
modifications (Futai et al., 2013). Briefly, 
hippocampal neurons were dissociated and plated onto 
coverslips coated with poly-D-lysine and laminin. 
Neurons were maintained in B27 supplement 
containing medium for 14-16 days in vitro (DIV).
C. RESULTS
To date, over 40 genes have been reported as 
regulators of homeostatic up- and down-scaling in 
hippocampal and cortical neurons. Because the 
expression of many of these genes changes during 
induction and expression of the scaling, we 
hypothesized that chromatin regulator molecules, 
whose expression is altered by neuronal activity, 
contribute to homeostatic synaptic scaling. To test this 
hypothesis, we performed unbiased transcriptome 
analysis by RNA-sequencing of cultured primary 
neurons after induced homeostatic down-scaling.  

Hippocampal primary cultures were prepared 
from C57BL6 mice and homeostatic synaptic scaling 
was induced by applying picrotoxin (PTX), a 

non-competitive GABAAR blocker, for 15 hours at 
DIV14. Total RNA isolated from Control and PTX 
challenged samples was subjected to an unbiased 
transcriptome (RNA-Seq) screen. RNA-seq was 
performed in quadruplicate for each treatment and the 
results were highly clustered into two treatment 
groups. Using stringent criteria, we identified 1150 
and 689 of up- and down-regulated genes, respectively. 
Multiple genes previously identified as neuronal 
activity-dependent, including Arc, Bdnf, Plk2, and 
Homer1, showed a significant change from baseline in 
our transcriptome profiling, confirming the validity of 
our system (blue symbols in Fig. 1A). Importantly, 12 
out of 246 chromatin regulatory genes showed 
changes in mRNA expression (Fig. 1B). In particular, 
L3mbtl1 and Baz1a mRNA expression were decreased 
and increased to 30 and 631% of control value, as the 
top ranking down- and up-regulated molecules 
amongst chromatin regulatory genes, respectively (Fig. 
1B, blue symbols).  

If down-regulation of L3mbtl1 RNA and protein 
is part of an essential switch to induce homeostatic 
synaptic down-scaling, then L3mbtl1 KO neurons 
may exhibit smaller basal synaptic transmission and 
lack homeostatic plasticity. To test this possibility, we 
prepared hippocampal primary and slice cultures from 
wild type and L3mbtl1 KO mice and compared 
amplitudes and frequencies of miniature excitatory 
postsynaptic currents (mEPSCs). Interestingly, we 
found that L3mbtl1 KO neurons showed smaller 
mEPSC amplitudes than that of wild type (Fig. 2A), 
suggesting that the lack of L3mbtl1 reduces the 
number of AMPARs per synapse. We then studied 
L3mbtl1 deficiency in homeostatic plasticity by 
application of PTX. Most importantly, L3mbtl1 KO 
cultured neurons failed to induce homeostatic 
down-scaling by PTX treatment, whereas wild type 
neurons could induce down-scaling (Fig. 2).  

Furthermore, genome-scale mapping of L3mbtl1 



Fig. 2 L3mbtl1 is required for homeostatic plasticity during 
activity elevation in hippocampal primary (A) and organotypic 
(B) cultures. Mean mEPSC amplitude of control (DMSO) and 
PTX-treated neurons from wild-type and L3mbtl1 KO mouse 
cultures. N = 11-19 cells. * p<0.05, **** p<0.0001, 2 way 

occupancies identified Ctnnb1 as a key gene 
downstream of L3mbtl1. Importantly, the occupancy 
of L3mbtl1 on the Ctnnb1 gene was regulated by 
neuronal activity. L3mbtl1 knockout neurons 
exhibited reduced Ctnnb1 expression. Partial 
knockdown of Ctnnb1 in wild type neurons reduced 
excitatory synaptic transmission and abolished 
homeostatic down-scaling; while transfecting Ctnnb1 
in L3mbtl1 knockout neurons enhanced synaptic 
transmission and restored homeostatic down-scaling. 
These results highlight a unique role for L3mbtl1 in 
regulating homeostasis of synaptic efficacy. Currently, 
we resubmitted these findings to Cell Reports (See 
section F. Publication below). 

To further extend our findings, we have decided 
to elucidate the role of Baz1a in scaling and animal 
behavior. Drs. Sakimura and Abe have started 
generating Baz1a flox mouse line at BRI, Niigata 
Univ., in summer 2017. ES cell lines that carry floxed 
alleles have been established. We expect to generate 
chimera mice within 2 � 3 months. By using the 
Baz1a flox line, we will generate cell type-specific 
Baz1a knockout mouse models during the upcoming 

grant year. 
D. DISCUSSION
 The number of neurotransmitter receptors located 
postsynaptically is dynamically regulated through 
many different mechanisms. Homeostatic synaptic 
scaling is one of the most important regulatory 
mechanisms of synaptic strength that prevents the 
detrimental consequences of runaway neuronal 
over-excitation. In the present study, we found that 
neuronal activity down-regulates the chromatin reader 
molecule, L3mbtl1. Hippocampal primary neurons 
prepared from L3mbtl1 KO mice showed a lack of 
homeostatic down-scaling and reduced amplitude of 
AMPAR current in excitatory synapses. Moreover, 
L3mbtl1 KO neurons in organotypic hippocampal 
neurons specifically abolished down-scaling without 
changing basal transmission, supporting the 
importance of L3mbtl1 in homeostatic down-scaling 
of synaptic strength. Our ChIP-seq and ChIP-qPCR 

studies identified Ctnnb1 and Gabra2 genes as 
activity-dependent targets of L3mbtl1 protein. Ctnnb1 
expression is reduced in L3mbtl1 KO, partial KD of 
Ctnnb1 causes a lack of homeostatic down-scaling, 
and transfection of Ctnnb1 into L3mbtl1 KO neurons 
restores homeostatic down-scaling, suggesting that 
L3mbtl1 controls synaptic strength through Ctnnb1. 
Our results highlight a critical role for the 
activity-regulated chromatin reader molecule, 
L3mbtl1, in homeostatic control of synaptic strength 
and adds to our understanding of epigenetic 
mechanisms of activity-dependent gene regulation.
E. CONCLUSION
Our discovery of L3mbtl1 as an activity-dependent 
chromatin reader that coordinates the homeostatic 
control of synaptic strength raises the intriguing 
possibility that other chromatin regulators and their 
downstream genes are required for homeostatic 
synaptic plasticity. Elucidating the roles of the other 
chromatin regulator, Baz1a, in synaptic plasticity 
coupled with our results presented here will provide a 
comprehensive view of epigenetic regulation of gene 
expression in homeostatic synaptic scaling. During the 
next grant period, we will establish Baz1a flox mouse 
line and start crossing cre-reporter lines to generate 
cell type-specific Baz1a knockout mouse lines. 
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Abstract 

We have made progress in three aspects of our collaborative research project. First, in collaboration with Prof. 
Sasaoka, Prof. Sakimura and Assoc. Prof. Abe group, we have made progress in making the D2S conditional KO 
mouse using the new RNA splicing and Cre-loxP recombination method. The process of making the construction 
of targeting vector is going well, and the targeting vector will be soon transfected into ES cells, which will be used 
to produce chimeric mice. Second, using conditional D1R knockdown and conventional D1R knockout mice, Prof. 
Sasaoka group has discovered that the time of eliminating D1R expression affects the behavioral phenotypes with 
respect to motor activity. Third, we have made progress in establishing the condition and protocol for studying 
neuronal excitability in KO mice using electrophysiological recordings in brain slices. Together, we strive to make 
contributions to a better understanding of the neurobiological mechanisms of D1R- and D2R-mediated 
dopaminergic transmission and their roles in neuropsychiatric disorders.

A. INTRODUCTION
The dopaminergic transmission in the striatum and its 
projection areas plays an important role in motor 
control, reward, and learning. The striatal efferents are 
divided into two main pathways: one is the direct 
pathway (projections from the striatum to the 
substantia nigra), which is mediated by the dopamine 
D1 receptor (D1R), and another is the indirect 
pathway (projections from the striatum to the globus 
pallidus), which is mediated by the dopamine D2 
receptor (D2R). Two isoforms of D2R: termed D2L 
(long form) and D2S (short form), have been 
identified in the brain of rodents and humans. Our 
research proposal is focused on delineating the role of 
D1R and individual D2R isoforms in motor and 
learning functions and in the pathophysiology of 
neuropsychiatric disorders such as schizophrenia and 
Parkinson�s disease. 

B. MATERIALS AND METHODS
A multidisciplinary approach is used including 
molecular genetic technology, behavioral tests, 
immunohistochemistry, and electrophysiological 
recordings. 

C. RESULTS

Previously, we generated D2L knockout (KO) mice. 
Our studies have demonstrated that the D2L KO 
mouse provides a valuable model system to enable us 
to begin to investigate the distinct role of individual 
D2R isoforms in the mammalian central nervous 
system (CNS). However, if we also have D2S KO 
mice, this series of research would be greatly 
strengthened.  
 
We are collaborating with Prof. Sasaoka, Prof. Kenji 
Sakimura and Assoc. Prof. Manabu Abe group to 
generate D2S conditional KO mice. We take 
advantage of the new method using RNA splicing and 
Cre-loxP recombination to produce the conditional 
KO of D2S, as described in Hayashi et al. (Molecular 
Brain, 2014, 7:44). In this way, before Cre-loxP 
recombination the mice will express both D2S and 
D2L receptors. By the Cre-loxP recombination the 
exons coding D2S and D2L will be changed to the 
mutated exon coding only D2L.  
 
Prof. Sasaoka group investigated the role of D1R in 
motor activity using conditional D1R knockdown 
(KD) and conventional D1R KO mice. They examined 
the motor behaviors of D1R KD, D1R KO, and WT 
mice using the balance beam test and open field test. 



 

They found that mice with D1R expression eliminated 
at the adolescent to adult stages displayed hypoactivity, 
whereas mice lacking of D1R at the initial 
developmental stage displayed hyperactivity (Okubo 
et al. 2018).  
 
To study the modulation of neuronal excitability and 
synaptic transmission and plasticity by D1R and D2R 
isoforms, we are working on the condition and 
protocol for performing electrophysiological 
recordings in medium spiny neurons (MSNs) in the 
striatum. Figure 1 shows action potentials recorded in 
MSNs from the striatum of WT and D2L KO mice in 
response to the injection of depolarized currents using 
whole-cell patch-clamp recordings. This procedure is 
necessary for studying neuronal excitability. 

D. DISCUSSION
In collaboration with Drs. Sasaoka, Sakimura and Abe 
group, we have made progress in making the D2S 
conditional KO mouse. Dr. Abe has informed us that 
the construction of targeting vector is going well, and 
they will produce the mutated ES cell using the 
targeting vector. We anticipate the process of 
producing chimeric mice will be going smoothly using 
the ES cell. 
 
The study by Prof. Sasaoka group indicates that the 
time of eliminating D1R expression affects the 
behavioral phenotypes with respect to motor activity 
examined. 
 
We have made progress in studying neuronal 
excitability, and will work on establishing the 
condition and protocol for studying synaptic plasticity 
in KO mice using electrophysiological recordings. 

E. CONCLUSION
In summary, we have made progress in three aspects 
of our collaborative project, as described above. We 
look forward to continuing our collaborative research. 
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