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Microglial SIRPa Deletion Facilitates Synapse Loss in Preclinical
Models of Neurodegeneration
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Microglia, the principal immune cells in the brain, play a

vital role in the development and homeostasis of the central

nervous system [1, 2]. During early brain development,

microglia-mediated synapse pruning contributes to elimi-

nating excess synapses that are unnecessary in adulthood

[3]. Excessive microglia-mediated pruning in the adult

brain is implicated in neurodegeneration-associated behav-

ioral deficits [4, 5]. In a previous study, ‘‘eat me’’ and

‘‘don’t eat me’’ signals were described as positive and

negative signals in modulating synaptic pruning [3, 6]. The

complement cascade components C1q and C3 are essential

components of the ‘‘eat me’’ signal and promote microglial

engulfment of inappropriate and/or extraneous synapses by

activating the microglial C3 receptor [7].

In contrast to the ‘‘eat me’’ signal, the ‘‘don’t eat me’’

signal serves as a negative regulator of synaptic pruning to

avoid excessive elimination of synapses [7, 8]. Although a

previous study published in Neuron has demonstrated that

the ‘‘don’t eat me’’ signal CD47 and its receptor SIRPa
protect synapses from excessive pruning during

development in the dorsal lateral geniculate nucleus

(dLGN), their findings mainly focused on the role of only

the CD47 signal in synaptic pruning [7]. More work is still

needed to investigate the effects of SIRPa. Although

systemic knockout of SIRPa induces increased microglial

pruning in the dLGN during neurodevelopment, the exact

effect of the microglial SIRPa and SIRPa-CD47 signal axis
in the brain and neurodegenerative diseases remains less

clear. In a recent study that used a microglia-specific

SIRPa conditional knockout mouse model, Ding et al.

elucidated the role of microglial SIRPa in synaptic

remodeling during neurodevelopment and demonstrated

the important function of microglial SIRPa in neurode-

generative diseases [9].

A previous study has confirmed that CD47 is synapti-

cally localized and enriched in the dLGN to prevent

excessive synaptic elimination during postnatal develop-

ment [7]. However, the expression and localization of

SIRPa during developmental stages was unclear. There-

fore, Ding et al. first analyzed the level of SIRPa
expression in different brain cells [9]. Immunostaining

results showed that SIRPa is mainly expressed in neurons

and microglia. Microglial SIRPa expression levels were

high at the early stage of neurodevelopment but decreased

later. The changes in microglial SIRPa expression indicate

that it helps to moderate synapse pruning during neurode-

velopment (Fig. 1).

To further evaluate the role of microglial SIRPa in

synapse pruning, brain slices from microglial SIRPa
knockout mice were double-stained for pre- and post-

synaptic proteins [9]. They found that loss of microglial

SIRPa decreased the synaptic density without affecting the

number and morphology of neurons at the early stage of

neurodevelopment, indicating that this SIRPa-deficient
decrease in synaptic density is not due to neuron growth
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defects at an early stage. Furthermore, they detected more

synaptic puncta inside the microglia of SIRPa-knockout
mice than control animals. This indicated elevated micro-

glial phagocytosis of synaptic structures in SIRPa-knock-
out mice, and this was confirmed in a neuron-microglia

in vitro cell co-culture system. Using a synaptosome-

microglia co-culture system, they found that microglia in

the control group preferred to engulf synaptosomes with a

CD47 signal deficiency. In contrast, SIRPa-knockout
microglia did not recognize CD47 deficiency and subse-

quently induced microglial phagocytosis, indicating that

microglial SIRPa plays a crucial role in attenuating

synaptic elimination. CD47-knockout mice further con-

firmed this conclusion by displaying a significantly

decreased synaptic density.

The authors also analyzed the expression of CD47 in

neurons at different time points and asked how synaptic

CD47 expression was regulated [9]. Double staining of

synaptic markers and CD47 demonstrated that CD47 is

differentially expressed in synapses in an age-dependent

pattern: the number of CD47-positive synapses was

increased at postnatal day 30 compared with postnatal

day 5. Because microglia prefer to engulf synapses from

less active neurons [7], the authors hypothesized that the

regulation of CD47 expression might be associated with

neuronal activity. CD47 expression was measured follow-

ing the inhibition of neuronal activity using the channel

blocker clozapine-N-oxide (i.e., isoflurane). As expected,

the expression of CD47 was markedly decreased in less

active neurons, which facilitated their elimination.

Although the ’’eat me’’ signal C1q is significantly

elevated and contributes to synaptic loss in neurodegener-

ative disease [10], the role of the ‘‘don’t eat me signal’’,

especially microglial SIRPa-CD47, in synapto-pathologi-

cal diseases was unclear. Therefore, Ding et al. [9] next

analyzed the role of microglial SIRPa in both human

Alzheimer’s disease (AD) patients and AD mice. Their

results showed that SIRPa expression was decreased in

both AD patients and AD mice. To better understand the

alteration of microglial SIRPa in AD, Ab oligomer was

incubated with primary microglia or injected into the brain,

and this significantly decreased the expression of micro-

glial SIRPa. Moreover, consistent with the alteration of

microglial SIRPa, Ab oligomer also inhibited CD47

expression in primary neurons, suggesting that the

Fig. 1 The ‘‘eat me’’ signal is the key to recognizing unnecessary or

inappropriate synapses during neurodevelopment. In contrast, the

‘‘don’t eat me’’ signal serves as a negative regulator of synaptic

pruning to avoid excessive elimination of synapses [4]. Using a

microglial SIRPa conditional knockout mouse model, Ding et al. [9]

provided evidence that SIRPa deletion induces significant synapse

loss during early neurodevelopment. In addition, they found that the

expression of microglial SIRPa significantly decreased in Alzhei-

mer’s disease (AD) pathology and demonstrated that the decreased

expression of microglial SIRPa resulted in excessive microglial

engulfment of synapses and exacerbated the cognitive impairment in

AD.
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SIRPa-CD47 signal contributes to the loss of synapses in

AD.

To further elucidate the role of SIRPa-CD47 signaling

in AD pathology, cognitive function and typical AD

pathology were measured in microglial SIRPa-knockout
AD mice [9]. The authors found that loss of microglial

SIRPa significantly augmented the cognitive deficits and

synaptic loss at 5 and 8 months of age. No significant

differences were found in the deposition of Ab plaques

between AD and microglial SIRPa-knockout AD mice,

indicating that loss of SIRPa contributed to the cognitive

decline and synaptic loss without affecting Ab deposition.

These results were further confirmed in an intracerebroven-

tricular Ab injection-induced AD mouse model with SIRPa
deficiency [9]. Taken together, these findings suggest that

dysfunction of the SIRPa-CD47-mediated ‘‘don’t eat me’’

signal contributes to the excessive synaptic elimination in

AD.

Using a microglial SIRPa conditional knockout mouse

model, Ding et al. [9] provided evidence that microglial-

specific SIRPa deletion induced significant synapse loss

during early neurodevelopment, which furthers our under-

standing of the SIRPa-CD47 complex. In addition, the

authors found that the expression of microglial SIRPa
significantly declined in AD pathology and demonstrated

that this decline resulted in excessive microglial engulf-

ment of synapses and exacerbated the cognitive impair-

ment in AD. This fills a critical gap in our understanding of

microglial SIRPa signaling in regulating synaptic pruning

in neurodegeneration. Nevertheless, there remain several

intriguing questions worth further investigation. First,

another protein named SIRPb1 also regulates macrophage

phagocytosis and is expressed by microglia [11]. Different

from SIRPa, microglial expression of SIRPb1 increases in

AD [11]. However, it is unclear how microglial-specific

SIRPb1 works during early neurodevelopment and AD.

Second, SIRPa has been shown to negatively regulate

macrophage phagocytosis, wherein activation of SIRPa
usually reduces phagocytosis [11]. Therefore, another

remaining question is why changes in microglial-specific

SIRPa only affect the phagocytosis of synapses without

affecting Ab deposition. Third, a recent study found that

astrocytic interleukin-3 (IL-3) programs microglia through

targeting CD123, a specific receptor for IL-3, to induce

microglial Ab clustering and phagocytosis. Therefore, it is

worth investigating whether astrocytes also regulate

microglial SIRPa. Finally, studying the expression of

SIRPa in different microglial subtypes (e.g., M1 and M2)

is another possible direction in understanding the regula-

tion of SIRPa-CD47-mediated signaling. Unraveling these

mechanisms underlying microglial SIRPa regulation of

synaptic loss and phagocytosis may help identify promising

therapeutic options for synapto-pathological and neurode-

generative disease [12].
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