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Enhanced complexity of  hippocampal dentate gyrus newly-generated neurons in mice following 
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Two and a half-month-old wild-type mice (C57BL/6 x 129 background,male) were randomly divided in two experimental groups (n=10 per group):i) Saline-administered and ii) CV-administered (200 mg/kg bw, suspendedin saline). The administration of CV or saline was performed every day for2.5 months by oral gavage. CV biomass was supplied by MycologyResearch Laboratories Ltd, Luton, U.K.Hippocampal dentate gyrus (DG) granular cell layer (GCL) and subgranularzone (SGZ) volumes and number, and dendritic complexity of hippocampalnewly-generated neurons were quantified by immunohistochemistry, as wellas β-catenin levels in DG newly-generated immature neurons. Levels ofmRNA expression of epigenetic choreographers of neurogenesis (HDAC1,DNMT1 and Mecp2) were measured by quantitative real time PCR in totalhippocampus.Statistical significance was determined using One-way ANOVA withrepeated measures followed by Bonferroni post hoc test, unpairedStudent`s t-test or non-parametric Mann-Whitney test. p<0.05 wasconsidered statistically significant.
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 CV biomass oral administration promotes a significant increase in dendritic length and branching, and total dendritic volume of immature neurons, suggesting a positive effect in thehippocampal neurogenic reserve.
 Increased β-catenin levels in cytoplasm and nucleus of DG immature neurons suggests that Wnt/β-catenin signaling plays an important role in CV positive effect on dendritic complexity ofhippocampal newly-generated neurons.
 This so far unexplored neurogenic potential of CV supplementation emerges as a possible preventive strategy for different neurological conditions.Supported by: Mycology Research Laboratories, Ltd; CENTRO-01-0145-FEDER-000012 HealthyAging2020 and CENTRO-01-0145-FEDER-000008 - BrainHealth 2020; FCT: POCI-01-0145-FEDER-007440 and Strategic Project 2015- UID/NEU/04539/2013. E.F. is a holder of a FCT postdoctoral grant (SFRH/BPD/86551/2012).
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Brain cognitive reserve refers to the ability of the brain to managedifferent challenges that arise throughout life, making it resilient toneuropathology. Hippocampal adult neurogenesis has beenconsidered as a relevant contributor for brain cognitive reserve andbrain plasticity. The production of adult hippocampal neurons requiresthe continuous division of neural stem/progenitor cells, differentiationof newly-generated granule cells and their integration into the pre-existing circuits under specified extracellular conditions. Thisintegration into the hippocampal circuitry relies on newly-formeddendritic branches of pre-matured neurons that reach the dentategyrus (DG) molecular layer (ML).The Wnt /β-catenin signaling pathway and epigenetic mechanim areamenable to modulation by diet and play a major role inneurogenesis. Discovering dietary tools that promote neurogenesis isseemingly an useful strategy for providing the brain with means tocope with several insults including aging.Coriolus versicolor (CV), a common healthful mushroom, waspreviously described to have antitumoral, anti-inflammatory,antioxidant, antibacterial, and immunomodulatory properties,including in the hippocampus.Herein, we analyzed the influence of CV biomass oral administrationfor 2.5 months on hippocampal neurogenic reserve undernormal/physiological conditions.
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CV administration increased dendritic arborisation of GCL long immature neurons, namely in the radiuses 80 to 110 µm (C; 3D Scholl analysis). This was furtherconfirmed by an increase in their dendritic volume (B) and in the total dendrites length and number of dendrites triple points (junctions with three branches)located at the DG IML (Ei,iv). (A) Three dimensional reconstructions of long immature neurons (EF DCX-positive cells that reach the O/MML. (B) Dendrites volume. (C) 3D Sholl analysis.Dendrites length (i), number of neuronal branches (ii), number of neuronal junctions (iii) and number of triple points (iv) in the GCL (D), IML (E) and O/MML (F) of the hippocampal DG. Data areexpressed as mean ± SEM.CV administration did not significantly change the volumes of GCL (Bi) and SGZ (Bii) of the hippocampal DG, proliferation of DCX-positive cells(Di,ii), and the number (Fi) and nucleus area (Fii) of immature neurons in the GCL of mouse hippocampus. (A) Confocal microscope image showing theSGZ and GCL of the hippocampal DG. Cell nuclei were stained with Hoechst 33342 (in grey). Green line represents the separation between the SGZ and GCL. (B) Volumes ofGCL (i) and SGZ (ii). (C) Confocal microscope image showing Ki67-and DCX-positive cells. The arrow indicates a cell expressing both Ki67, a proliferation marker (in green) andDCX (in red), demonstrating a proliferating neuroblast. The asterisk indicates a cell expressing Ki67 and negative for DCX, corresponding to a different type of cell in proliferation.(D) Quantification of the number of Ki67-positive cells (i) and Ki67-positive cells co-labeled with DCX-positive cells in the GCL of the hippocampal DG (ii). (E) Confocalmicroscope images showing immature neurons in the hippocampal DG. Immature neurons were stained with doublecortin antibody. (F) Quantification of the number of immatureneurons in the GCL (i) and immature neurons nucleus area (ii). Data are expressed as mean ± SEM.
CV administration increased β-catenin levels both in the nucleus (C) and cytoplasm (D) of GCL immature neuron. No alterations were observedin mRNA expression of epigenetic choreographers of neurogenesis (Ai-iii). A) mRNA expression levels of HDAC1 (i), DNMT1 (ii) and Mecp2 (iii) inthe mouse hippocampus. (B) Confocal microscope images showing β-catenin staining in immature neurons in the hippocampal DG (nuclei in grey, DCX inred and β-catenin in green). Merge images show the presence of β-catenin in the nucleus and cytoplasm of immature neuron. (C) β-catenin integrateddensity per area (from threshold 1-50) (i and iii) and area under the curve (AUC) (ii and iv) in the cytoplasm (i and ii) and nucleus (iii and iv) of DGimmature neurons. Data are expressed as mean ± SEM.

CV promotes dendritic branching and volume of immature neurons not reaching the outer/medial molecular layer from the DG of mouse hippocampus CV increases cytoplasmatic and nuclear β-catenin density in immature neurons located at mouse hippocampal GCLGCL and SGZ volumes, proliferation and the number of immatureneurons in mouse hippocampus are kept unchanged following CVadministration
CV biomass significantly increased the number of dendritic intersections, in the radius 50 and 60 µm, of GCL short immature neurons (C; 3D Scholl analysis),which was accompanied by a significant increase in the neuronal volume of these cells (B). CV did not alter other features of complexity: the total dendriteslength, the number of dendrites branches, dendrites junctions or the number of dendrites triple points (junctions with three branches) in both the granular celllayer (GCL) and inner molecular layer (IML) of short cells (Di-iv and Ei-iv). (A) Three dimensional reconstructions of short immature neurons (EF DCX-positive cells that do not reachthe O/MML. B) Dendrites volume. (C) 3D Sholl analysis. Dendrites length (i), number of neuronal branches (ii), number of neuronal junctions (iii) and number of triple points (iv) in the GCL (D) or in theIML (E) of the hippocampal DG. Data are expressed as mean ± SEM. Data are expressed as mean ± SEM. 20 µm20 µm
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Oral gavage: 200 mg/kg in 0.9% NaCl

CV promotes dendritic branching and volume of immature neurons reaching the outer/medial molecular layer from the DG of mouse hippocampus
Gonçalves et al., Cell 167, 897-914, 2016


