N

N

Core PCP protein Vangl2 is essential to the structural

and functional development of the hippocampal mossy
fiber bouton/thorny excrescences (MfB/TE) synapse.
Marie Gleizes, Noémie Depret, Gael Barthet, Christophe Mulle, Claudia

Racca, Mireille Montcouquiol, Nathalie Sans

» To cite this version:

Marie Gleizes, Noémie Depret, Gael Barthet, Christophe Mulle, Claudia Racca, et al.. Core PCP
protein Vangl2 is essential to the structural and functional development of the hippocampal mossy
fiber bouton/thorny excrescences (MfB/TE) synapse.. NeuroFrance, May 2023, Lyon (Centre des
Congres), France. hal-04932317

HAL Id: hal-04932317
https://hal.science/hal-04932317v1
Submitted on 6 Feb 2025

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.

Copyright


https://hal.science/hal-04932317v1
https://hal.archives-ouvertes.fr

Core PCP protein Vangl2 is essential to the structural and functional development of the
hippocampal mossy fiber bouton/thorny excrescences (MfB/TE) synapse ....aroai: W

Y Neuapcentre Cleizes M.!, Depret N. !, Barthet G.2, Mulle C.?2, Racca C. 3, Montcouquiol M. !, Sans N.
BOR%EEAI\JL:_)((JC‘_:‘:%E? 1= "Université de Bordeaux, INSERM, Magendie, U1215, F-3300 Bordeaux, France, 2Université de Bordeaux, CNRS, IINS, UMR 5297, Bordeaux, France, 3Biosciences Institute, Newcastle University, Newcastle upon Tyne, United Kingdom.
. . . . . . . . . : CAl
mnglz Is a core PCP protein that is required for the development and function of the mossy fiber synapse. Our team showed that Vangl2 protein is enriched in the stratum lucidum (sl) of . 7S Srarom \
. ] o . ) . . . . . . . Mossy fiber lucidum
adult mice where it participates in a balance between pattern completion and separafion processes (Robert et al., 2020). The sl is a subregion rich in giant synapses called mossy fiber W CA3a _bouton o
bouton / thorny excrescence (MIB/TE). These synapses have a particularly large and complex morphology obtained through massive morphogenesis, and that contact CA3 pyramidal &‘Wm w [postsynapfic)

s £ CA3b
cells mainly in apical dendritic regions. In terms of synapfic properties, these synapses have “detonative’” electrophysiological properties. Alterations in the morphology and/or function of J%M A

the MIB/TE synapses are associated with several central nervous system pathologies, including some neurodevelopmental such as Down Syndrome and Infellectual Disabllities (ID), or some neurodegenerative such as Alzheimer’s disease.

The presence of Vangl?2 in the earliest phases of the maturation of the MiB/TE synapses support a role for the PCP protein in shaping that synapse.
Qere, using an early conditional vangl2 knock-out mice, we show that Vangl2 also participates in maturation and function of the MIB/TE synapse during the early postnatal period. /

Resulls 2.b AMPA/Kainate and NMDA receptors number and/or
: : function are unchanged by vangi2 deletion
1. MIB/TE synapses are less complex following vangl2 deletion 9 y g
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(D) Representative traces of evoked response of AMPA/Kainate receptors recorded at -70 mV from CA3a pyramidal neurons
in P21-P30 control (grey) and Emx1-Vangl2 (turquoise) acute hippocampal slices. (E) Quantification of AMPA receptors EPSC
amplitudes of MfB/TE synapses in control (N =12 mice, n =16 cells) and Emx1-Vangl2 mice (N =11 mice, n =14 cells). ns, p>0.05
(F) Representative traces of evoked response of NMDA receptors recorded at +40 mV from CA3a pyramidal neurons in P21-
P30 control (grey) and EmxI1-Vangl2 (turquoise) acute hippocampal slices. (G) Quantification of NMDA receptors EPSC
amplitudes of MfB/TE synapses in control (N = 12 mice, n = 16 cells) and Emx1-Vangl2 mice (N =11 mice, n = 14 cells). ns, p>0.05.
(H) Representative traces of AMPA/NDMDA ratio from CA3a pyramidal neurons in P21-P30 control (grey) and Emx1-Vangl2
(turquoise) acute hippocampal slices. (I) AMPA/NMDA ratio at MfB/TE synapses in control (N = 12 mice, n = 16 cells) EmxI1-
Vangl2 mice (N =11 mice, n = 14 cells). ns, p>0.05.
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Brain samples were sent to Dr Claudia Racca for sample processing with Serial Block _ Volume MfB 20 Volume TE ] Volume PSD

2.c Presynaptic function and facilitation are reduced by vangl2 deletion
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(A-D) Representative 3D rendering of dendrites segmented from SBF-SEM stacks of CA3a in P21 control and Emx1- B %é 1- f S I A iy Q ]**
Vangl2 animals. MfBs are represented in pastel colors (A & C). TE are represented in bold colors (B & D). 2 ”S‘DLmS 20pAl &Y | ° omvens | | | | " A ]
3D (E-F) Quantifications of 3D reconstructed MfBs (E) and TEs (F) average volumes in P21 control (grey) and Emx1- 20 ms 0 o 100 200 460 Lo |' - b N A R AL A A
’e°°"s"”°“°"> Vangl2 (turquoise) mice. Number of MfBs: control: n = 42, Emx1-Vangl2: n = 30; Number of TEs: Control: n = 119, Inter stimuli delay (ms) | Number of stimulation
Emx1-Vangl2: n = 117. Mann-Whitney test, **p<0.001. (G) Representative 3D rendering of PSDs (pink) onto TEs
segmented from SBF-SEM stacks in P21 control and Emx1-Vangl2 animals. (H-1) Quantifications of the mean PSD (J) Representative traces of paired-pulse ratio of MIB/TE synapses of control (grey) and EmxI1-Vangl2 mice (turquoise). (K)
volume (H) and number of PSDs per TE (l), for control (grey) and Emx1-Vangl2 P21 mice (turquoise). Number of Quantification of paired-pulse ratio of MfB/TE synapses in control (N = 12 mice, n = 14 cells) and Emx1-Vangl2 mice (N = 12
PSDs: control: n = 681, Emx1-Vangl2: n = 255. Mann-Whitney test, **p<0.01 ***p<0.001. mice, n = 15 cells). ***p<0.001, **p<0.01, 2nd way ANOVA with Bonferroni's multiple comparisons test. (L) Representative traces
. L. . . of train of 10 stimuli at 20 Hz of MfB/TE synapses of control (grey) and Emx1-Vangl2 mice (turquoise). (M) Analysis of the
A B 2.0 MfB/TE basal SynqphC fransmission is reduced by Vangl2 deletion presynaptic facilitation in trains of 10 stimuli at 20Hz in control and Emx1-Vangl2 MfB/TE synapses. Facilitation is represented by
P21-P30 o c the amplitude of the EPSCs normalized by the first EPSC. Two-way ANOVA; control: N = 9 mice, n = 11 cells, Emx1-Vangl2: N = 9
mice Thresting in , A ° mice, n =11 cells; p=0.0059.
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A Spontaneous &  evoked B Evoked recordings : recording (A) Representative spontaneous EPSC (sEPSC) traces from CA3a pyramidal neurons in P21-P30 control 2 s 0] s | 2
recordings were done  wifh electrode was placed in CA3a (grey) and Emx1-Vangl2 (turquoise) acute hippocampal slices. (B) Quantification of sEPSC frequency of S 3007 S Sl
oxygenated in vivo-like ACSF (mM) : region of hippocampus. Electrical control neurons (N = 16 mice, n = 24 cells) versus Emx1-Vangl2 (N = 14 mice, n = 19 cells). ****p<0.0001 S 100 o 5
125 NaCl, 2.5 KCI, 2 CaCl, 1.3 stimulation (5-20 pA) was done in Unpaired t-test with Welch's correction. (€) Quantification of sSEPSC amplitude of control neurons (N = 16 S OPESPORSESS OPE Control  Emxi-Vangl2
MgSO,, 1.25 NaH,PO,, 26 NaHCO;, the hilus of the dentate gyrus. mice, n = 24 cells) versus Emx1-Vangl2 neurons(N = 14 mice, n = 19 cells). **p = 0.0036, Unpaired t-test with Time (minutes)

10 glucose, pH 7.4, room T° . (N) Representative tfraces of EPSC before (1) and after (2) HFS protocol of MfB/TE synapses of conftrol (grey) and
Emx1-Vangl2 mice (turquoise). (O) Summary graphs of LTP time course recorded over 50 minutes in conftrol
(;N=6 mice, n=6 cells) and Emx1-Vangl2 mice (N=4 mice, n=7 cells). (P) Analysis of LTP magnitude 40-50 minutes
after the induction of tetanus in control (grey) and Emx1-Vangl2 mice (turquoise). Mann-Whitney test; control: N=6

mice; n=6 cells, Emx1-Vangl2: N=4 mice, n=7 cells, ****p<0.0001

Welch's correction.
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: Early delefion of vangl? leads to a severe
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