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Microglia Interact with Neurons by Forming Somatic Junctions
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Microglia are the main immune cells of the central nervous

system that maintain normal neuronal functions. Microglial

cells are also linked with major diseases in humans

including neurodegenerative disorders such as Alzheimer’s

disease, stroke, epilepsy, and psychiatric diseases such as

schizophrenia [1]. Microglia perform surveillance of the

brain microenvironment through their motile processes.

Currently, there has been increased attention on the

interaction between microglial processes and synaptic

elements. At least part of the dynamic motility of resting

microglial processes in vivo is directed toward neuronal

synapses. Resting microglial processes have brief and

direct contact with synapses lasting *5 min and this

occurs at a frequency of about once per hour in a neuronal

activity-dependent manner. Under the conditions of cere-

bral ischemia, the duration of these microglia-synapse

contacts is significantly prolonged to about an hour, and

this is followed by the disappearance of the presynaptic

bouton, suggesting that microglia contribute to the subse-

quent increased turnover of synaptic connections [2].

However, the molecular mechanisms of microglia-neuron

communication are not well understood.

Microglial cells are involved in the formation and

maintenance of synapses in the brain [3] during develop-

ment and synaptic plasticity. Researchers have demon-

strated that microglial processes interact with axonal

terminals and dendritic spines in the visual cortex in a

neuronal activity-dependent manner, and for a long time,

these were believed to be the main forms of interaction

between microglia and neurons [2, 4, 5]. Moreover, the

interactions between microglia and synaptic elements,

including both axonal boutons and dendritic spines, have

also received increased attention. Neuronal cell bodies are

relatively stable in most conditions, while the synaptic

structures are highly dynamic. The microglial processes

actively monitor the surrounding neural parenchyma and

respond promptly to brain injury [6]. The interactions

between microglia and synapses do not elucidate how

microglia monitor and affect neuronal activity spatiotem-

porally. Therefore, the mechanisms of effective communi-

cation between microglia and neuronal somata require

investigation. Recently, Cserép and colleagues identified a

novel communication site between microglial processes

and neuronal cell bodies in both mice and humans. This

was based on in vivo two-photon imaging, high-resolution

light and electron microscopy combined with advanced

3D-analysis. Interestingly, they found that microglia form

junctions with most neuronal somata regardless of their cell

type in a P2Y12 receptor (P2Y12R)- and neuronal

mitochondrial activity-dependent manner. In addition, the

study highlighted that microglial junctions are essential for

microglia-neuron communication, and for the neuroprotec-

tive effects of microglia after acute brain injury [7]

(Fig. 1).

Unlike the previous studies showing that the interactions

between microglial processes and synaptic elements of

neurons are the main configuration [4], this study reported
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that only a small proportion of glutamatergic or GABAer-

gic synapses are associated with microglial processes. In

addition,[90% of cortical pyramidal cells, vGluT3? cells,

and [80% of PV? interneurons are involved in the

formation of somatic microglial junctions in mice. Similar

results were reported in the human neocortex as well.

Furthermore, microglia contact neuronal somatic mem-

branes mainly at sites of Kv2.1 clustering, which have been

reported to be mainly expressed in neurons [8], in both

mice and humans. Extracellular ATP released by neurons

Fig. 1 Schematic of somatic microglial junctions under physiolog-

ical and pathological conditions. A Under physiological conditions,

microglia form junctions with most neuronal somata, but not with

synaptic elements of neurons, regardless of cell type, in a P2Y12R-

dependent manner. Somatic microglial junctions are the main

communication sites between neurons and microglia in both mice

and humans. They possess a unique nano-architecture within the

neuronal somata consisting of Kv2.1 clusters (orange), which are

mainly expressed in neurons and are the contact sites of microglia and

neurons, TOM20 (sky blue), the main element of the transport protein

complex on the outer mitochondrial membrane, and vNUT (brown),

an important molecule for the vesicular release of mitochondria-

derived ATP from neurons. B Under stroke conditions, potentially

viable neurons are activated, inducing the release of ATP (red) from

the mitochondria (dark blue), and with the help of vNUT, ATP is

released from the neurons. The released extracellular ATP regulates

microglial branch dynamics via the purinoceptor P2Y12R (green),

expressed specifically in microglia. The microglial processes are

recruited to form new microglial-somatic junctions and to protect

viable neurons. Somatic microglial junctions are robustly increased in

both mice and human post-mortem brain after stroke. In addition, the

disintegration of somatic microglial junctions after stroke induces an

increase of microglial process coverage in the cell bodies of viable

neurons in a P2Y12R- and mitochondrial signaling-dependent

manner. This leads to the initiation of protective microglial responses

that minimize brain injury. P2Y12R, purinergic receptor P2Y12;

TOM20, translocase of outer mitochondrial membrane 20; vNUT,

vesicular nucleotide transporter.
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regulates microglial branch dynamics via the purinoceptor

P2Y12R. P2Y12Rs are expressed specifically in microglia

and their activation is required in response to neuronal

injury in the brain [9]. Indeed, dense P2Y12R clusters on

microglial processes at somatic junction sites were found to

directly face neuronal Kv2.1 clusters in pyramidal cells and

interneurons (Fig. 1A). Consistent with these results, an

in vivo imaging study using zebrafish reported that

microglia preferentially contact the cell bodies of neurons

with higher spontaneous activity, and this results in the

reduction of visually-evoked neuronal activity [10]. Given

that most studies have shown that the junctions mainly

form between microglia and synaptic elements, the under-

lying mechanisms can be more complex and involve a

number of molecules in addition to P2Y12Rs, which

requires further investigation. Therefore, understanding the

microglial P2Y12R signaling pathway will provide novel

candidates for therapeutic interventions in pathologies

involving microglial P2Y12Rs such as stroke.

What are the components of somatic microglia-neuron

junctions? By using transmission electron microscopy and

high-resolution electron tomography with 3D reconstruc-

tion, somatic microglial junctions were found to possess

unique nano-architecture within the neuronal somata, and

the junctions are composed of closely apposed mitochon-

dria, reticular membrane structures, intracellular tethers,

and associated vesicle-like membrane structures. However,

these features were not observed in perisomatic boutons

contacted by microglia. The Kv2.1 clusters were closely

associated with the neuronal structures within the junc-

tions. Furthermore, TOM20 (the main element of the

transport protein complex in the outer mitochondrial

membrane) and vesicular nucleotide transporter (vNUT,

an important molecule for vesicular release of mitochon-

dria-derived ATP from neurons) were also reported to be

remarkably higher at somatic junctions than adjacent areas

(Fig. 1A).

As noted above, mitochondria were close to the

junctions, which has been reported to be essential for

neuroglial crosstalk [11], so it is important to investigate

whether microglial process recruitment to somatic junc-

tions is functionally linked with the activity of mitochon-

dria in neurons. In vivo two-photon imaging revealed that

the number of mitochondria significantly increases and is

accompanied by the formation of somatic microglial

junctions in wild-type but not in P2Y12R-/- tissue. This

suggests that microglial process recruitment to somatic

junctions is linked to neuronal mitochondrial activity and

occurs in a P2Y12R-dependent manner. Moreover, neu-

ronal activation induced the release of ATP from the

mitochondria, which was inhibited by a vNUT blocker but

not a synaptic calcium channel blocker (Fig. 1A). The

findings demonstrated that microglia dynamically monitor

neuronal activity at somatic microglia-neuron junctions in

a P2Y12R-dependent manner, leading to a rapid increase of

somatic coverage by microglial processes. This suggests an

interesting possibility that microglia and neurons engage in

dynamic communication essential for nervous system

health and homeostasis.

The authors examined the interaction between microglia

and neurons in the healthy brain. Currently, findings on the

roles of microglia in pathological conditions such as stroke

are inconsistent across studies [12]. Several studies have

explored the contribution of microglia in synaptic func-

tions. In this paper, the somatic microglial junctions were

reported to have robustly increased after stroke in both

mice and human post-mortem brain tissue (Fig. 1B).

Microglial process coverage around the somatic junctions

was completely abolished after the administration of a

P2Y12R inhibitor or a mitochondrial ATP-sensitive potas-

sium (KATP) channel opener (KATP can prevent mito-

chondrial injury), which also decreased neuron viability.

Stroke-induced disintegration of somatic microglial junc-

tions increased the microglial process coverage of cell

bodies in a P2Y12R- and mitochondrial signaling-depen-

dent manner. This led to protective microglial responses

hence minimizing brain injury. However, given the limi-

tations of the imaging approach, other methods such as

pharmacological and genetic approaches to inactivating or

eliminating microglia are needed to further investigate the

role of microglia after stroke.

In summary, Cserép and colleagues reported a novel

form of interaction between microglia and neurons. Unlike

previous results [4], they found that somatic microglial

junctions are the main communication sites in both mice

and humans under physiological conditions and can

respond to brain injury rapidly to protect viable neurons.

The injured neurons release ATP which recruits microglial

processes to the neuronal somata and protects them in a

P2Y12R-dependent manner. However, a number of unan-

swered questions require further investigations into the

mechanism of neuronal protection by microglia. In addi-

tion, it is important to investigate whether microglia

possess the ability to release certain molecular signals that

can alter neuronal behavior following the formation of

somatic microglial junctions. Another question to investi-

gate is whether other cell types are involved in neuronal

protection such as astrocytes activated through microglia

and ATP release in injured tissue. Are there other related

molecules important in the formation of microglial somata

junctions? Using an epilepsy model, Eyo and colleagues

performed in vitro and in vivo studies and reported that

global glutamate sharply increases the numbers of micro-

glial processes. These are involved in the activation of

neuronal NMDA receptors, calcium influx, and subsequent

ATP release in both a microglial P2Y12R-dependent and
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an NMDA receptor activation-dependent manner.

P2Y12R-KO mice exhibit reduced seizure-induced

increases in microglial process numbers and worsen seizure

behaviors [13]. This suggests that both NMDA receptors

and P2Y12Rs are key components for junction formation,

and P2Y12Rs play an important role in disease. Indeed, a

more recent study has shown that microglial P2Y12Rs

modulate neuronal excitability and innate fear behaviors in

both developing and adult mice [14].

Brain microglial cells display complex phenotypes and

roles, and their functions vary based on diverse sites on

neurons. Further, they play a vital role in development,

learning, and memory in synaptic sites while they play a

protective role in stroke. In addition, microglial processes

can form junctions with both neuronal somata and

synapses, for example in Alzheimer’s disease and Parkin-

son’s disease. The communication between microglia and

neurons is bidirectional, involving several important fac-

tors and signaling axes including P2Y12Rs, ATP, vNUT,

and other molecules. Therefore, it is essential to determine

the roles of microglia in various neuronal sites. These

findings provide novel insights for deep exploration of the

crosstalk between microglia and neurons, further advanc-

ing knowledge of the mechanisms of brain function.
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