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One of the grand strategies in the development of the
nervous system is to overproduce constructive elements
and then selectively to prune the excess, for example, by
synaptic pruning. Given limited resources, surviving
synapses are nurtured and reinforced, while the unsuccess-
ful synapses are eliminated. Synaptic pruning also persists
in the mature nervous system via activity-dependent
plasticity, which is crucial for learning and memory. To
assemble refined mature neuronal circuits and maintain
homeostasis, synaptic pruning must proceed in a controlled
and timely manner. Aberrant synaptic pruning may lead to
neurodevelopmental disorders, such as autism, schizophre-
nia, and epilepsy [1].

Phagocytosis is defined as the process by which
phagocytes identify, engulf, and digest large particles,
such as pathogens, dead cells, and cellular debris. In the
central nervous system, phagocytosis functions as a
defense and clearance mechanism. Glial cells are the
critical effectors of synaptic pruning through phagocytosis
to eliminate unnecessary synapses. Microglia are consid-
ered to be the primary phagocytes [2], which mainly use
immune signaling pathways such as the classical comple-
ment pathway to remove unwanted synapses [3]. In
addition to microglia, astrocytes are regarded as less-
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efficient phagocytes in the brain through the Multiple
Epidermal Growth Factor-Like Domains Protein 10
(Megf10) and MER Proto-Oncogene, Tyrosine Kinase
(Mertk) phagocytic pathways [4, 5]. Particularly, the
complement component C1q binds to Megf10 in astrocytes
to trigger intracellular downstream signals [6], which
requires PTB Domain-Containing Engulfment Adapter
Protein 1 and ATP-binding cassette subfamily A member
1. Mertk in astrocytes uses the integrin pathway to regulate
phagocytosis involving CRKII/DOCK180/Racl [7]. Astro-
cyte-mediated phagocytosis is significantly reduced in
MegflO'/' and Mertk™ mice, and is further reduced in
double-knockout mice, indicating that Megf10 and Mertk
mediate synapse elimination in parallel [5].

Although astrocytes were initially regarded as secondary
phagocytes that back up microglial phagocytic activity in
the brain, recent studies indicate that microglia and
astrocytes play orchestrated roles: microglia specialize in
engulfing cell bodies and proximal dendrites, while astro-
cytes preferentially engulf distal processes and diffuse
neuritic debris [8]. Nevertheless, the precise interplay
between microglia and astrocytes in synapse elimination is
still unknown. Specifically, the brain contains various types
of synapse, including excitatory and inhibitory synapses.
And a has synapse two components, the pre- and the post-
synaptic compartments. It remains unexplored whether the
diversity of synapses is responsible for the distinct
phagocytic pathways used by different phagocytes (Fig. 1).

Using novel fluorescent phagocytosis reporters, Hyungju
Park, Won-Suk Chung, and colleagues have demonstrated
that astrocytes, not microglia, play a major role in
constantly eliminating unnecessary adult excitatory
synapses in response to brain activity. To monitor glial
phagocytosis, they generated a novel molecular sensor. In a
neutral pH environment, the sensor on the cell membrane
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Fig. 1 Astrocytes play a major
role in the neuronal activity-
dependent elimination of exci-
tatory synapses. Astrocytes
(green) eliminate unwanted
excitatory synapses from neu-
rons (blue) by phagocytosing
them through Megf10 receptors
in adult mouse hippocampus.
Neuronal activity selectively
increases the Megf10-dependent
astrocytic phagocytosis of exci-
tatory synapses, which has
important implications for
synaptic plasticity and memory
formation.
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has intact fluorescent intensity of both mCherry and eGFP,
while under acidic conditions, for instance after phagocy-
tosis in the lysosome, the sensor preserves only the
mCherry signal. Consequently, investigators were able to
localize and quantify phagosomes by tracing the puncta
with a mCherry but not an eGFP signal. Then the authors
targeted the sensor into different synaptic terminals via
linking it to pre- or post-synaptic markers driven by cell-
type-specific promotors, through which they were able to
separately quantify the phagocytic events of one type of
synapse. Moreover, by co-localizing the phagocytic signals
with microglia or astrocytic markers, they measured how
often and by which type of glial cell synapses were
phagocytosed. Their results revealed that in the CA1 region
of the adult mouse hippocampus, although both excitatory
and inhibitory synaptic terminals can be eliminated by glial
phagocytosis, remarkably more excitatory synapses than
inhibitory synapses were phagocytosed. Strikingly, they
also found that astrocytes had more phagocytic puncta than
microglia regardless of the type of synapse. Further
investigation showed that only astrocytic phagocytosis of
excitatory synapses increased with neuronal activity
induced by environmental enrichment, while neither the
uptake of inhibitory synapses by astrocytes nor the uptake
of synapses by microglia were affected.

Recently, Megf10 and Mertk have been reported to be
major phagocytic pathways in astrocytes. To investigate
the mechanisms underlying the synapse elimination by
astrocytic phagocytosis, the authors also deployed the
fluorescent phagocytosis reporters in a mouse model in
which Megf10 was inducibly deleted in adult astrocytes.
They found that astrocytes use Megfl0 specifically to
engulf excitatory synapses in the adult hippocampus.
Further experiments showed that astrocytic deletion of
Megf10 resulted in significantly more total synapses and
excitatory synapses, as well as causing abnormal synaptic
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plasticity. In addition, mice with hippocampus-specific
astrocyte conditional Megf10-knockout displayed a signif-
icant deficit in novel object recognition and novel object
location tests, suggesting a critical role of Megf10-medi-
ated astrocytic phagocytosis in learning and memory.

Previously, astrocytes were reported to participate in
synapse elimination in the developing visual system in
mice [5, 9]. And human astrocytes have been demonstrated
to be able to phagocytose synapses in dissociated cultures
and cerebral organoids [10, 11], indicating that astrocytes
prune synapses in the human CNS. Nevertheless, astrocytes
were regarded as a secondary or back-up phagocyte in the
CNS. Contrary to this consensus, Hyungju Park, Won-Suk
Chung and their colleagues have shown that astrocytes are
the dominant phagocytes. Compared with previous findings
in developing brains, synapse pruning in adults may have
quite distinct significance in physiological functions. This
study showed that astrocytes control excitatory synapse
elimination in adult mouse hippocampal CA3-CAl cir-
cuits, and that Megf10-mediated astrocytic phagocytosis is
functionally relevant to synaptic plasticity and memory
formation [12]. Thus, this study proposes a possible
mechanism for controlling synaptic turnover and re-pat-
terning connectivity, which may contribute to the rapid
renewal of memory traces in the adult hippocampus.

Just as it gave several answers for synapse elimination,
this investigation raised more interesting questions. The
authors proposed a predominant role of astrocytic phago-
cytosis in synapse elimination under physiological condi-
tions. Few studies have examined astrocytic phagocytosis
in pathological synaptic dysfunction following injury or
nervous system degeneration in adults. In mouse models of
Alzheimer’s disease (AD), astrocytes have been suggested
to have the capacity to clear Af [13]. APOE4, a strong
genetic risk factor for AD, suppresses astrocytic phagocy-
tosis, and the protective APOE allele for AD, APOE2,
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remarkably promotes phagocytosis by astrocytes [14].
Overall, the phagocytic capacity of astrocytes appears to
decrease during reactive astrogliosis [15, 16]. On the
contrary, several publications have shown that phagocyto-
sis by microglia is strongly implicated in neurological
pathologies [17]. Inhibition or knockout of Clq, comple-
ment C3, or the microglia-specific C3 receptor (CR3),
which are required for microglial phagocytosis, reduce the
synapse loss in AD [18]. Similarly, mice with depleted
microglia or deficiency in C3 or CR3a are protected from
virus-induced synaptic loss [19]. There are other reports of
microglial phagocytosis involved in the synaptic loss
induced by HIV [20], by ageing [21], and in schizophrenia
[22]. Given this evidence, it would be interesting to further
define the possible divergent roles of astrocytic and
microglial phagocytosis under pathological conditions.

Generally, all phagocytosis can be divided into 3 major
steps: “find me”, “eat me”, and “digest me”. This study
left black boxes in each step. For example, what guides the
astrocytes to phagocytose the unnecessary excitatory
synapses after neuronal activity? This question can be
addressed how neuronal activity induces unnecessary
excitatory synapses to recruit astrocytes or how neuronal
activity protects necessary excitatory synapses from elim-
ination. In the brain, some examples of synapse pruning
may give hints to answer this question. For instance,
astrocytes secrete the glycoprotein hevin (SPARCLI),
which modulates the formation of excitatory inputs in the
visual cortex and regulates the elimination of these
connections [23]. Accumulation of Clq and C3 on certain
subsets of synapses promote microglia to engulf them. On
the other hand, CD47 on the neuronal cell membrane, and
its receptor in microglia, SIRPa, suppress the phagocytosis
of synaptic structures [24]. Consequently, one possible
mechanism is that neuronal activity triggers the relocation
or regulates the expression of these “eat-me” or “don’t-
eat-me” signals to mediate phagocytosis by astrocytes.

In addition to the above topics, it seems that in the brain,
each region has different rates of synapse elimination by
microglia and astrocytes. It will be of great interest to
elucidate the internal and external factors controlling these
rates. Another intriguing finding of this study is that both
astrocytes and microglia have significantly different levels
of phagocytosis between presynaptic and postsynaptic
structures. It is reasonable to speculate that there are
important mechanisms of eliminating synapses other than
phagocytosis, and these occur more often in postsynaptic
than presynaptic structures, such as miRNA in extracellular
vesicles proposed by Prada er al. [25]. Last but not least,
since Megf10 and Mertk are major phagocytic pathways in
astrocytes, the results of this investigation arouse curiosity
about the role of Mertk-mediated astrocytic phagocytosis
in synapse elimination. Overall, this study emphasizes the
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astrocyte-mediated synapse turnover in learning and mem-
ory and provides novel insight into treating various brain
disorders by modulating astrocytic phagocytosis to restore
synaptic connectivity.
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