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Microglia are the primary resident mononuclear phagocytes that maintain central nervous system homeostasis under physiological
and pathological conditions. Recent evidence has shown that they differ considerably from other macrophages by contributing
to pre- and postnatal brain development by controlling processes such as neurogenesis, oligodendrogenesis, progenitor numbers
and the generation and elimination of synapses. Here I Dance round a hypothetical microglial role in modulating empathy and
prosocial behavior via influencing the development of associated nervous structures, including the ventromedial and dorsolateral
prefrontal cortex, anterior cingulate, precuneus, inferior frontal gyrus, insula and striatum. A potential contributing role of

microglia in shaping normal interindividual differences in empathetic abilities and related behaviors is also discussed.
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INTRODUCTION

Microglia are the primary resident mononuclear-phagocytes of
the central nervous system (CNS) parenchyma. They belong to
the glial system of non-neuronal cells that regulate brain func-
tion in both normal and pathological conditions, accounting for
about 10% of all non-neuronal cells within the CNS (1). Very
recent studies have shown experimental evidence for altered
social behavior in both rodents and humans when microglia
is affected. Using a rodent model Kim et al (2) showed that
deficient autophagy in microglia impairs synaptic pruning,
alters connectivity between brain regions and causes social

behavioral defects and repetitive behaviors, similar to those
associated with autism spectrum disorders. Another study (3)
demonstrated the importance of microglia for early life pro-
gramming of juvenile and adult motivated behaviors. Neonatal
microglia depletion led to reduced juvenile and adult anxiety
behavior, increased locomotor activity, decreased juvenile
social play and increased social avoidance behaviors in adults.
Torres et al (4) described that local hippocampal depletion of
microglia alters performance in tests of spatial memory and
sociability, whereas a global depletion transiently altered spa-
tial memory and produced no change in sociability behavior.
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A recent study on human subjects (5) aimed at investi-
gating if modulating microglia produces changes in social
decision-making in healthy humans. 4-day oral administration
of minocycline, a tetracycline antibiotic that can suppress mi-
croglial activation, sharpened participants’ sense of trust and
led them to be more decisive in in a trust game. The authors
suggested that microglial activation may cause “unconscious
noises” against appropriate social decision-making, and
inhibiting microglial activity may reduce such noise (6). A
subsequent trial (7) showed that in a trust game minocycline
treatment shifts the main decision-modulating factor from
cooperativeness to state anxiety and trustworthiness. The
authors discuss that microglial suppression may lead to more
situation-oriented decision-making by suppressing the effects
of personality traits (6).

The results from the above studies suppose a possible mi-
croglial involvement in social behavior as causal agents. This
paper aims at developing a hypothesis for a cellular mecha-
nism, by which microglia may regulate the development and
modulation of prosocial behavior and empathy.

MICROGLIA IN CENTRAL NERVOUS SYSTEM MAINTENANCE
AND DEVELOPMENT

Under physiological conditions microglia possess multiple
fine elongated processes that actively survey their cell-specific
territory (8) and function as sentinels, detecting the slightest
disturbance in homeostasis, tissue damage or pathogenic
invasion. Because of these specific roles, microglia must be
extremely efficient, sensitive to even the smallest damage to the
CNS (9). As aresponse to pathological stimuli microglial cells
transform into an activated amoeboid form that can perform
phagocytic functions. Since under inflammatory conditions the
risk to the CNS is high, microglia must, in addition, moderate
tissue damage (10).

In the absence of pathology, the CNS hosts several my-
eloid cell populations, including perivascular, meningeal and
choroid plexus macrophages, dendritic cells and microglia
(11), thus researching the specific effects of these cells on the
brain in health and disease can uncover fresh insights in the
pathogenesis of CNS disorders and point to novel targets for
medical intervention.

Microglia differ considerably from other tissue macrophag-
es (12). A key difference lies in their origin: microglia are not
derived from the bone marrow, as it was previously thought,
but from primitive progenitors in the yolk sac that invade the
brain very early in development when other glial cells are yet
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to be generated (13-15).

Microglia’s early entry suggests a role in developmental
processes in the CNS. Indeed, recently microglia have been
shown to regulate the wiring of the embryonic forebrain by
limiting the outgrowth of dopaminergic axons and affecting the
laminar positioning of subsets of neocortical interneurons (16).
Under physiological conditions microglia can enhance both
neurogenesis and oligodendrogenesis in the early postnatal
subventricular zone via released cytokines (17). Furthermore,
microglia can control not only neuronal formation, but also
differentiation and the formation, as well as, elimination of
synapses (18-20). Postnatal synaptic pruning by microglial
engulfment of synapses is key in the remodeling of neural
circuits (21, 22).

In sum, microglia (i) play key roles in CNS physiology,
and (ii) possess a large potential to either damage or repair the
pre- and postnatal brain, which can be (iii) easily activated.
Thus, microglia function on a continuum between sappers
and repairmen.

MICROGLIA AND EMPATHY: A HYPOTHESIS

Regarding the relationship between microglia and prenatal
CNS development, we can suppose the following sequence
of events: (i) maternal immune activation, for example, due to
infection leads to (ii) increase in inflammatory mediators which
(iii) reach the fetus, (iv) activate microglia and (v) change the
developing brain. Current literature supports that the maternal
immune response can elevate cytokine levels in the fetus (23)
and epidemiological evidence suggests an association between
maternal infection and neurodevelopmental abnormalities,
including increased risk for developing schizophrenia and
autism (24,25). We can further suppose that microglial activa-
tion during postnatal brain development may interfere/change
subsequent behaviors, which are produced and regulated by
specific areas of the cortex.

Hypothesis: can microglia play a role in normal and patho-
logical social behaviors, especially highly important ones such
as empathy, compassion, altruism and moral reasoning by in-
fluencing the development of associated structures in the brain?

WHAT IS EMPATHY

Empathy is the ability to share others’ emotions and exert
cognitive control and perspective taking in our interactions
(26) and includes cognitive empathy — using cognitive pro-
cesses to understand and predict another’s mental state, and
affective empathy — the emotional response experienced as a
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consequence of another’s state (27-30). Empathy and related
responding, including caring and sympathetic concern, are
considered crucial for moral reasoning, the motivation for
prosocial behavior and inhibition of aggression (31).

The contemporary view stresses on the emerging of empa-
thy and altruistic behaviors in early childhood. At 12 months of
age infants will comfort others in distress, and only 2-6 months
later will display spontaneous, unrewarded helping behaviors
(31,32). In addition, evidence suggests that the development of
empathy and prosocial behavior is regulated by both genetic
and environmental factors (33).

EMPATHY, MICROGLIA AND THE BRAIN

Considering microglia’s known role in regulating the number
of both neurons and synapses we can imagine a potential chain
of events beginning with (i) an obscure, clinically undetectable
event that leads to (ii) a specific pre- and/or postnatal microglial
activation that may (iii) lead to a disproportionally, regarding
the primary event, large structural and functional deviation in
the brain regions, involved in empathy and related behaviors,
(iv) producing dramatic clinically-detectable symptoms.

We can consider two scenarios, where microglia is involved,
that lie on a continuum:

(1) large deviations in empathy-related neuronal structure
and function may lead to a profound alteration in
behavior, that meets criteria for a clinical disorder, or

(i1) subtle changes in structure and function may lead to
alterations in cognition and behavior that may remain
clinically undetectable but, nevertheless, contribute to
interindividual differences

The evidence, supporting the first scenario is large, coming
mainly from investigating patients with medical disorders or
brain lesions. Indeed, certain developmental disorders such
as conduct disorder and disruptive behavior disorders are as-
sociated with impaired empathy and lack of remorse and guilt
in affected children (34). In adults, lesions to the sensorimo-
tor cortex impair affective empathy, whereas damage to the
ventromedial prefrontal cortex (VMPFC) disrupts cognitive
empathy (35). Furthermore, the VMPFC seems to play a role
in moral decision-making. Lesions to the VMPFC are associ-
ated with increased endorsement of utilitarian responses to
hard personal moral dilemmas (36-38).

The significance of the VMPFC becomes particularly appar-
ent when studying patients with psychopathy. Psychopathy is a
disorder, characterized by key disruptions in prosocial behav-
ior, including shallow emotional responses, lack of empathy,
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impulsivity, and an increased likelihood for antisocial behavior
(39-41). The involvement of the VMPFC in psychopathy
has long been considered (36), but recent data stress on the
diminished VMPFC connectivity as a robust neural correlate
of the disorder (42).

Another study found that psychopathic individuals have
nearly 10% increased striatum volume (43). Interpersonal and
affective features of psychopathy were associated with caudate
body volumes, whereas the impulsive, stimulation-seeking
behavior correlated with caudate head volumes.

In light of the recent evidence for the developmental roles of
microglia, it is not difficult to imagine a possible mechanism of
microglial-specific alteration in the above mentioned structures
and the subsequent behavioral consequences.

The second hypothetical scenario would not be easy to
investigate due to difficulties in defining “normal” personal-
ity features and their “subtle” changes, and, at least, current
technological limitations in identifying on a microscopic scale
in vivo a causal link between microglia and neural function.
Nevertheless, there is evidence that links individual differences
in empathic abilities with observable differences in specific
brain regions in normal, healthy subjects. One study (26)
found that other-oriented empathy was negatively correlated
with grey matter volume in the precuneus, inferior frontal
gyrus, and anterior cingulate. In contrast, differences in self-
oriented affective empathy were positively correlated with
grey matter volume in the insula and negatively correlated
with somatosensory cortex volume. Furthermore, a positive
correlation was found between grey matter volume in the an-
terior cingulate cortex and cognitive perspective-taking abili-
ties. Grey matter changes in the right dorsolateral prefrontal
cortex were positively related to the ability to empathise with
fictional characters.

The correlation between individual differences in observ-
able brain structures and abilities like empathy in normal,
healthy subjects opens up the possibility for a microglial
contribution in shaping the variety of our societal psychologi-
cal landscape.

CONCLUSION

Recent research on microglia is characterized by frequent
paradigm shifts: from simple macrophages to having unique
origin and developmental role to, possibly, modulators of
empathy and social behavior, microglial cells become ever
more intriguing. With cells so potent to either repair or de-
stroy, that “jump into action” to the smallest of sign, that
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can modulate the wiring of the brain, we may wonder, to
what extent our most intimate aspect, our mind, has been
and, maybe, continues being, sculpted by microglia. We can
imagine how an obscure undetectable factor in our past may
have, via a non-stochastic process, changed the behavior of
our microglia and subsequently our own behavior as well. In
order to progress, humanity needs to pass from the Informa-
tion Age to the Compassion Age. Our present task is to stop
wondering and start knowing what makes us good. Otherwise,
our world will continue to suffer from moralom, a malignant
tumor of the moral (44).
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