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TrkB in vivo

In this study, we investigated the possibility of recovering visual function
in blind mice by promoting the neuroprotective effect and axonal regeneration of retinal ganglion
cells (RGC) by gene therapy using our originally developed constitutive active TrkB. We found that
constitutive active TrkB strongly suppressed cell death induced by optic nerve crush. The
regenerated axons also reached the optic chiasm. Furthermore, in glaucoma model mice, suppression
of visual function decline was observed, as well as neuroprotective effect.
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Figure 1. Farnesylated intracellular d in of TrkB acti downstream signaling without ligands

(A) Schematic diagram of TrkB constructs used in this study. TM, transmembrane domain; myc, myc-tag; F, famesylation signal; GST, glutathione S-transferase; K588N,
substitution of lysine with asparagine at position 588, to generate a kinase-dead form. (B) Cellular localization of TrkB mutants. Immunostaining of myc-tagged TrkB mutants
in Neuro2A cells transfected with the indicated plasmids. Full-length (FL) TrkB and farnesylated intracellular domain of TrkB (F-iTrkB) were localized at the peripheral region.
Scale bar, 25 pm. (C) Activation of ERK and AKT by TrkB mutants. Immunoblot analysis of ERK and AKT phosphorylation in Cos-7 cells transfected with the indicated
plasmids. Representative immunoblot images (left) and quantification of the relative levels of phosphorylated ERK (pERK) and AKT (pAKT) (right). The one-way ANOVA with
Tukey-Kramer post hoc test was used. n = 3 per experimental condition. *p < 0.05, **p < 0.01. (D) Comparison of ligand-stimulated FL-TrkB and F-iTrkB in activation of
downstream signaling. Immunoblot analysis of several signal proteins in Cos-7 cells transfected with FL-TrkB with BDNF stimulation for 20 min (FL-TrkB + BDNF) or F-iTrkB.
TrkB and actin expression is shown (left). pERK, pAKT, pStat1, pStat3, pGSK-3p, and pp38 were detected in both groups. Representative immunoblot images are shown
(top), and the relative levels of phosphorylated proteins were quantified (bottom). The one-way ANOVA with Tukey-Kramer post hoc test was used. n = 3 per experimental
condition. **p <0.01. (E) The effect of myristoylation and farnesylation on the activity of iTrkB. Cos-7 cells were transfected with myristoylated iTrkB (M-iTrkB) or F-iTrkB. pERK
and pAKT were detected from both mutants.
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Figure 2. Characterization of F-iTrkB and farnesylated receptors of other trophic factors

(A) The effect of kinase activity of F-iTrkB on signal activation. Immunoblot analysis of pERK and pAKT in Cos-7 cells transfected with F-iTrkB or F-KD-iTrkB. Representative
images are shown. (B) Transphosphorylation of F-iTrkB. Cos-7 cells were cotransfected with a kinase-dead (KD) form of GST-tagged F-iTrkB (F-GST-KD-iTrkB) and F-iTrkB,
followed by a GST pull-down assay. The pull-down sample was subjected to immunoblot analysis using an anti-phospho-TrkB (pY515) antibody. (C) F-iTrkB-mediated
phosphorylation of FL-TrkB. Cos-7 cells were transfected with a KD form of the FL-TrkB (FL-KD-TrkB), alone or cotransfected with F-iTrkB. Total cell lysates were
analyzed by immunoblotting. (D) No detection of F-iTrkB dimers. Cos-7 cells were cotransfected with a KD form of GST-tagged F-iTrkB (F-GST-KD-iTrkB) and F-iTrkB,
followed by a GST pull-down assay. The pull-down sample was subjected to immunoblot analysis. (E) Interaction of F-iTrkB with GRB2, Shc, and PLC. Cos-7 cells were
cotransfected with F-GST-iTrkB and GRB2 (left), HA-tagged Shc1 (middle), or HA-tagged PLC (right), followed by a GST pull-down assay. The pull-down sample was
subjected to immunoblot analysis. (F) Cellular localization of iTrkA, F-iTrkA, F-igp130, and F-iLIFR. Immunostaining of myc-tagged proteins in Neuro2A cells transfected with
the indicated plasmids. Farnesylated proteins were localized at the peripheral region. Scale bar, 25 pm. (G) F-iTrkA-mediated activation of ERK and AKT. Immunoblot analysis
of ERK and AKT phosphorylation in Cos-7 cells transfected with F-iTrkA or F-iTrkB. Representative images (left) and quantification of the relative levels of pERK and pAKT
(right). The one-way ANOVA with Tukey-Kramer post hoc test was used. n = 3 per experimental condition. *p < 0.05, **p < 0.01. (H) Absence of signal activation by far-
nesylated intracellular domain of cytokine receptors. Immunoblot analysis of ERK and AKT phosphorylation in Cos-7 cells transfected with F-iLIFR and F-igp130 and a
mixture of the two plasmids. Representative images (left) and quantification of the relative levels of pERK and pAKT (right). The one-way ANOVA with Tukey-Kramer post hoc
test was used. n = 3 per experimental condition. **p < 0.01.
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Figure3. AAV-F-iTrkB p! RGC deg ion in experi I models of gl

(A) Intraocular pressure (IOP) of WT or GLAST KO mice at 3, 5, and 12 weeks of age. AAV-F-iTrkB was intravitreally injected into GLAST KO mice at 10 days of age. n = 4-6
mice per group. (B) AAV-F-iTrkB-mediated RGC protection in GLAST KO mice. RGCs were detected by immunostaining of RBPMS. AAV-Control or AAV-F-TrkB was
intravitreally injected into GLAST KO mice at 10 days of age. Representative images (left) and quantification of RGCs (right) are shown. The one-way ANOVA with Tukey-
Kramer post hoc test was used. n = 4-6 mice per group. *p < 0.05. Scale bar, 100 um. (C) Optical coherence tomography (OCT) of GLAST KO mouse retinas treated
with AAV-Control or AAV-F-iTrkB. Cross-sectional images of the retinas at 12 weeks of age (left) and quantification of the ganglion cell complex (GCC) thickness (right) are
shown. Two-tailed unpaired Student’s t test was used. n = 4-6 mice per group. *p < 0.05. (D) Multifocal electroretinography (mfERG) of WT or GLAST KO mice treated with
AAV-Control or AAV-F-TrkB. Retinal responses of second-order kernel at 12 weeks of age are presented with 3D plot images (left) and quantitative analyses of the retinal
response amplitude (right). The one-way ANOVA with Tukey-Kramer post hoc test was used. n = 4-6 mice per group. *p < 0.05.



8 8 0 4

Xiaoli Guo, Atsuko Kimura, Kazuhiko Namekata, Chikako Harada, Nobutaka Arai, Kohsuke Takeda, 119

Hidenori Ichijo and Takayuki Harada.

ASK1 signaling regulates phase specific glial interactions during neuroinflammation. 2022

Proceedings of the National Academy of Sciences of the U.S.A. 2103812119
DOl

10.1073/pnas.2103812119

Tsutomu Ohashi, Kazuhiko Namekata, Xiaoli Guo, Atsuko Kimura, Chikako Harada and Takayuki 29

Harada

Effects of lighting environment on the degeneration of retinal ganglion cells in 2022

glutamate/aspartate transporter deficient mice, a mouse model of normal tension glaucoma.

Biochemistry and Biophysics Reports 101197
DOl

10.1016/j .bbrep.2021.101197

Hiroki Sano, Kazuhiko Namekata, Masanori Niki, Kentaro Semba, Fumiko Murao, Takayuki Harada, 13

Yoshinori Mitamura

Ocular expression of cyclin-dependent kinase 5 in patients with proliferative diabetic 2021

retinopathy.

Journal of Diabetes Investigation 628
DOl

10.1111/jdi.13702

Kentaro Hamada, Youichi Shinozaki, Kazuhiko Namekata, Mami Matsumoto, Nobuhiko Ohno, Takahiro 178

Segawa, Kenji Kashiwagi, Takayuki Harada, Schuichi Koizumi.

Loss of P2Y1 receptor triggers glaucoma-like pathology in mice. 2021

British Journal of Pharmacology 4552

DOl
10.1111/bph.15637




Namekata, K., Guo, X., Kimura, A., Azuchi, Y., Kitamura, Y., Harada, C. and Harada, T.

295

Roles of the DOCK-D family proteins in a mouse model of neuroinflammation. 2020

Journal of Biological Chemistry 6710-6720
DOl

10.1074/jbc.RA119.010438

Nishijima Euido Namekata Kazuhiko Kimura Atsuko Guo Xiaoli Harada Chikako Noro Takahiko 10

Nakano Tadashi Harada Takayuki

Topical ripasudil stimulates neuroprotection and axon regeneration in adult mice following 2020

optic nerve injury

Scientific Reports 15709
DOl

10.1038/s41598-020-72748-3

Yanagisawa Michiko Namekata Kazuhiko Aida Tomomi Katou Sayaka Takeda Takuya Harada 529

Takayuki Fuse Nobuo the Glaucoma Gene Research Group Tanaka Kohichi

EAAT1 variants associated with glaucoma 2020

Biochemical and Biophysical Research Communications 943-949
DOl

10.1016/j .bbrc.2020.06.099

Harada Chikako Noro Takahiko Kimura Atsuko Guo Xiaoli Namekata Kazuhiko Nakano Tadashi 9

Harada Takayuki

Suppression of Oxidative Stress as Potential Therapeutic Approach for Normal Tension Glaucoma 2020

Antioxidants 874-874
DOl

10.3390/antiox9090874




12 2 1

TrkB

2021

Kimura A, Nishijima E, Kitamura Y, Honda S, Guo X, Harada C, Namekata K, Harada T.

AAV-mediated delivery of constitutively active TrkB promotes CNS axon regeneration and neuroprotection.

Neuroscience Meeting 2021

2021

Kimura A, Namekata K, Guo X, Arai N, Harada C, Harada T.

Microglial DOCK8 and neurodegeneration.

The 4th International Conference on Applied Biochemistry and Biotechnology (ABB 2021).

2021

Guo X, Namekata K, Kimura A, Harada C, Harada T.

The renin-angiotensin system regulates neurodegeneration in a mouse model of optic neuritis.

3rd Annual Global Conference on Neuroscience and Neurology.

2021




Kimura A, Nishijima E, Kitamura Y, Honda S, Guo X, Harada C, Namekata K, Harada T.

Gene therapy with modified TrkB induces neuroprotection and axon regeneration.

2021

Nishijima E, Honda S, Namekata K, Kimura A, Guo X, Harada C, Nakano T, Harada T.

Gene therapy with mutant TrkB receptor protects retinal ganglion cell and retinal function in a mouse model of normal
tension glaucoma.

World Glaucoma Congress 2021

2021

Nishijima E, Namekata K, Kimura A, Kitamura Y, Honda S, Guo X, Harada C, Nakano T, Harada T.

Gene therapy with mutant TrkB receptors protects retinal neurons and promotes optic nerve regeneration without ligands.

ARVO 2021 meeting

2021

Ras

2020




Shinozaki, Y., Namekata, K., Kashiwagi, K., Ohno, N., Segawa, T., Harada, T., Koizumi, S.

Loss of astrocytic ABCAl induces normal tension glaucoma.

FENS 2020 Virtual Forum

2020

GLAST

2020

2020

TrkB

2020




https://ww.igakuken.or.jp/retina/




