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Figure 1 Development of adult-born neurons in the hippocampus. Intermediate progenitors are generated via asymmetric divisions of radial glia- like
cells. After birth, intermediate progenitors differentiate and develop into granular cells. GFAP, glial fibrillary acidic protein; DCX, doublecortin; NeuN,
neuronal nuclei; NeuroD1, neurogenic differentiation factor 1; Prox1, prospero homeobox protein 1
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Figure 2 Regulation of adult neurogenesis by microglia. A: In the hippocampal neurogenesis region, microglia eliminates the apoptotic newborn
cells by phagocytosis to maintain the homeostasis of neurogenic niches; B: during the first 3 weeks after GCs birth, microglia modulate the neurite
growth by direct interaction with GCs or secretion of neurotrophic factors such as IGF-1 and BDNF; C: microglia modulate structural synaptic
plasticity at 2—-8 weeks after GCs birth. Microglia regulate the density of dendritic spines and bonton area of newborn GCs, and ultimately affect input
and output synaptic integration of GCs. In addition, microglia may influence maturation and survival of GCs by modulating GABAergic synaptic
inputs to GCs; D: microglia modulate functional synaptic plasticity at 4 to 8 weeks after GCs birth. BDNF released by microglia change the function of
GABA from excitatory to inhibitory by promoting the KCC2 expression in neurons, thus promoting their maturation. In addition, microglia can
regulate the levels of postsynaptic AMPA/NMDA ratio to control synaptic efficiency, and also can affect synaptic plasticity by synapse elimination
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RE SR, /N T A B AE T A2 I A i) A B A 2
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B, /NRFAM S5 T 2~8)8 BEGCs i 9 fi 45 ¥y =
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GCsIHIR FE W P FRAR, TR 2R TR, F3
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VEIE. /N AR FT B 2 T GG Cs IR GABARE
#ioN, MEHEIE 5SS £ B (lipopolysaccharide, LPS)if S
G JRE SR, /N A M /N B 4 ) 4 2
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PELHEN, MGABAXE N (GCsr= A Ja4 ), /MR B4
4T GABARE T fit 1) Tt 7T R 22 B ARG Cs 1) il BRI A7
W MGABAIHIR (GCsH B JF 48 2 1), 98/>GCsif
AN PR B GCs XA M. X R R I, /Mo 41 il
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GABA [P A I, i 0 Bt F K CC248
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TBUE A A D RE AT B 28 X

4.1 TBIEW GG D4R A

TBUE i B DG4 & A 1 BB AT 88 2 A7 1E 4 il
(¥, TBIFTHEN, FFAREIAERAEDGHIZ &AL, i,
HEETBIG, DG LI BEPESE T, HH80%MIFET-#
I T N RRLAI M, KR B A AR AR 2
TE7, TBIE I A 57 0 87 38500 0 3 2 o 2 TC R 8
B BRI, WE P (fluid  percussion  injury,
FPD) AT 51 & % FE TBIIY IND GG FE 40 i . A b 25 20
Ji/ A B R 42 T AT S R A M e B, R
D2 sk A1) I TBIE S 1 S DG A i h 20 4
FEBR KR A &N aetk 2. S5 —Fm
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FTS A il ). AR TS, TBIE 5 A 40 i 38 5
JRREEFEIRINSCsits!"™, I ELT AR A 5 4 g e B %
PR AR A 3 S w4t e B 5, B AR s &t
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Figure 3 Therapeutic significance of modulating adult neurogenesis by microglia. A: After brain injury, activated microglia secrete pro-
inflammatory factors, which decrease the survival rate and number of newborn GCs, reduce the dendritic complexity, and aggravate neurogenesis; B:
microglia depletion/repopulation by several strategies can reverse the abnormal microglia functions, thus increase the survival and number of newborn
GCs and dendritic complexity, and improve neurogenesis
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Regulation of adult hippocampal neurogenesis by microglia in the
healthy and injured brain

FU ZhaoLin, YANG RunZi & HAO Peng
School of Basic Medicine, Capital Medical University, Beijing 100069, China

Persistent neurogenesis exists throughout life in the adult brain and is regulated by a variety of internal and external factors. Microglia
are innate immune cells in the brain and play an important role in maintaining brain homeostasis and immune regulation. A growing
number of studies have shown that microglia regulate adult hippocampal neurogenesis through phagocytosis and direct interaction
with neurons and/or the release of soluble factors. In this paper, we review how microglia modulate different stages of neural stem/
progenitor cells and adult-born hippocampal neurons, and thus regulate neurogenesis in health. We also review the changes of
neurogenesis and microglial morphology and functions after brain injury, and how microglia affect hippocampal neurogenesis under
brain injury, providing theoretical basis for the application of microglia to promote endogenous repair in the brain.
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