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AOP475 “Binding of chemicals to ionotropic glutamate receptors leads to
impairment of learning and memory via loss of drebrin from dendritic spines of neurons”

proposed by Yuko Sekino, Shihori Tanabe and Tomoaki Shirao

Overactivation of NMDAR induced “loss of drebrin” is directly related to “synaptic dysfunction” which leads to
the impairment of learning and memory
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Event 2078 (Loss of drebrin) M Key Event Description

Glutamate induces the translocation of drebrin from dendritic spines to dendritic shafts, as reported in mature cultured rodent neurons
and human iPS-derived neurons (Sekino et al. 2006; Mizui et al.2014; Lin et al. 2023). This "drebrin exodus" is a physiological process
occurring at the initiation of synaptic plasticity, observed immediately after excitatory postsynapses receive electrical or chemical
stimulation that induces long-term potentiation (LTP) or long-term depression (LTD) .

NMDA-induced excitotoxicity leads to the degradation of drebrin in mature cultured neurons from rodent hippocampus and cortex. This
process is triggered by calcium influx and mediated by calpain activity.

Drebrin is an evolutionarily conserved actin-binding protein localized in dendritic spines. Overexpression of drebrin A in neurons enlarges
dendritic spines and reduces spine motility, whereas down-regulation of drebrin A decreases the density and width of dendritic spines and
inhibits the synaptic clustering of NMDA receptors (NMDARs).

Drebrin stabilizes actin filaments and plays a pivotal role in dendritic spine morphogenesis (Hayashi and Shirao, 1999; Takahashi et al., 2003;
Takahashi et al., 2006).

During the initial stages of synaptic plasticity (either LTP or LTD), Ca?* influx through NMDA receptors triggers the translocation of drebrin
from dendritic spines (Sekino et al., 2006).

Moreover, prolonged NMDA-induced excitotoxicity results in calpain-mediated degradation of drebrin both in vitro and in vivo.
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KE3 (Event 2078) =2 KE4 (Event 2242) Relationship 3298
Loss of drebrin leads to Dendritic spine abnormality

Key Event Relationship Description

Drebrin interacts with actin filaments to stabilize and reorganize the actin cytoskeleton within dendritic spines, and
plays important roles in regulating spine morphology and synaptic plasticity. Loss of drebrin results in a reduction of
mature mushroom-shaped spines and an increase in thin or immature filopodia-like spines.

Loss of drebrin Dendritic spine abnormality

Immunocytochemistry of drebrin Phalloidin staining
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KE4 (Event 2242) - KES5 (Event 1944) Relation 3301
Dendritic spine abnormality leads to synaptic dysfunction

Dendritic Anomalies in Disorders
Associated With Mental Retardation
Cerebral Cortex 2000:10981-99
schizophrenia, AD, autism spectrum
disorder, and Down syndrome, are
associated with abnormalities in the
number, morphology, and plasticity of
dendritic spines and synapses.

R Dvann i s 3 i S e Dendritic Spine Pathology in Neurodegenerative Diseases.
' i ' e Herms J, Dorostkar MM. Annu Rev Pathol. 2016 May 23;11:221-
50. doi: 10.1146/annurev-pathol-012615-044216. Epub 2016 Feb
22.PMID: 26907528




KE2078:How it is Measured or detected
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How It Is Measured or Detected @

Loss of drebrin from dendritic spines can be detected by immunocytochemistry, ELISA or or Western blotting in
cultured human and rodent neurons and brain tissues (Counts et al.,, 2006; Ishizuka et al., 2014).

The twenty-one-day primary cultured neurons were prepared using frozen stock of dissociated hippocampal
neurons (Koganezawa et al, 2023; Hanamura et al 2019). In brief, cells were cultured in multi well microplates with
defined medium. Using cryopreservednhippocampal neurons reduces animal use.

For enzyme-linked immunoassay, after the incubation of chemicals the extracts of neurons were quantified using
ELISA kit for drebrin (ALzMEd, Inc.),

For immunocytochemistry, the cultured neurons were incubated with chemicals for 1 hour. After fixation, cultured
neurons were immunostained with anti-drebrin and anti-MAP2 antibodies. The cluster density of drebrin along the
dendrites was automatically quantified using high content analysis instruments (Hanamura et al, 2019, Mitsuoka et
al, 2019).
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ELISA kit, AlzMed Inc.

hDrebrin-A ELISA kit (Antibodies AA014 and AA002)

— =]
(CQ1 'ﬁ ;6 #ﬁ?g& Human drebrin A HEK lysate | Human drebrin E HEK lysate HEK lysate
o dilution 0D450 ng/mL 0D450 ng/mL 0D450 ng/mL
t ) b /) \XjT ,f > o 100 3.078 5805.70 -0.001 ND -0.021 ND
1000 0.597 9547.00 -0.027 ND -0.018 ND

- 10000 0.063 8030.00 -0.028 ND —
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hDrebrins ELISA kit (Antibodies AA014 and AA003)

Human drebrin A HEK lysate | Human drebrin E HEK lysate HEK lysate
dilution QD450 ng/mL 0D450 ng/mL 0D450 ng/mL
100 2.889 1409.90 2.881 1404.60 -0.013 ND
1000 2141 9348.00 2.349 10616.00 -0.006 ND

-

10000 0.261 5220.00 0.248 4860.00 | —
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Postsynaptic structure formation of human iPS cell-derived Dendritic spine formation and synapse maturation in
neurons takes longer than presynaptic formation during transcription factor-induced human iPSC-derived neurons.
neural differentiation in vitro. Togo K, Fukusumi H, Shofuda Lin W, Shiomoto S, Yamada S, Watanabe H, Kawashima'y,
T, Ohnishi H, Yamazaki H, Hayashi MK, Kawasaki N, Takei N, Eguchi Y, Muramatsu K, Sekino Y. iScience. 2023 Feb

Nakazawa T, Saito Y, Baba K, Hashimoto H, Sekino Y, Shirao T, 27;26(4):106285.
Mochizuki H, Kanemura Y. Mol Brain. 2021 Oct 11;14(1):149.
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Dendritic spine formation and synapse maturation in transcription factor-induced human iPSC-derived neurons.
Lin W, Shiomoto S, Yamada S, Watanabe H, Kawashima Y, Eguchi Y, Muramatsu K, Sekino Y.
iScience. 2023 Feb 27;26(4):106285.
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Harigaya, Shirao et al., J Neurosci Res (1996) Counts et al., J Neuropathol Exp Neurol. 2006
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