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Editorial

Abnormal synaptic pruning in schizophrenia: 
Urban myth or reality?

Patricia Boksa, PhD

Douglas Mental Health University Institute, Department of Psychiatry, McGill University, Montréal, Que.

One of the enduring puzzles about schizophrenia is the ques-
tion of why it typically first occurs in late adolescence or
early adulthood. Structural neuroimaging studies indicate
that persons with schizophrenia show prominent progressive
brain changes at this time. For example, Andreasen and col-
leagues1 recently reported on the largest longitudinal study
to date looking at brain volume changes over time in a cohort
of patients with schizophrenia who had a mean age at first
episode of 25 years. They found decreases in multiple grey
and white matter regions, and these changes were most pro-
nounced early (2 yr) after intake for the first episode of psy-
chosis. In addition, a meta-analysis of studies involving
 persons at high risk for schizophrenia reported baseline de-
creases in grey matter in frontal and temporal regions of
those who later transition to psychosis.2 Almost invariably,
any research paper discussing reasons for the age at onset of
symptoms or the early grey matter changes during young
adulthood in patients with schizophrenia will invoke abnor-
mal synaptic pruning as a potential mechanism. But what do
we actually know about synaptic pruning in patients with
schizophrenia?
Early electron microscopy (EM) studies by Huttenlocher

and Dabholkar3,4 on postmortem brains from healthy humans
showed that cortical synaptic density reaches a maximum at
2–4 years of age, when it is about double adult levels, with re-
duction in the number of synapses toward adult levels occur-
ring mainly during adolescence. Synaptic pruning refers to
this process of elimination of excess neuronal synapses. Con-
sistent with early EM studies, in a recent study profiling the
expression pattern of thousands of genes (the so-called “tran-
scriptome”) in the prefrontal cortex across the human lifespan,
 Colantuoni and colleagues5 reported that expression of many
genes involved in axonal and synaptic function peak during
fetal life then decrease during infancy with continuing reduc-
tions through the first decade of life. Interestingly, using an ex-
tensive series of brains of intermediate ages, Petanjek and col-
leagues6 have recently provided evidence that synaptic
elimination may be a more extended process continuing
throughout the third decade of life before stabilization of

synaptic density at adult levels. There is strong supporting evi-
dence for the idea that developing synapses are selectively sta-
bilized by neuronal activity, while excess synapses are subse-
quently eliminated.7 An abnormal increase in synaptic pruning
generally implies that a normal complement of synapses is
formed during development followed by an excess of elimina-
tion. But apparent “pruning” could also occur because of de-
creased development and stabilization of synapses.
Neuropathologic studies in persons with schizophrenia in-

dicate that there is no actual loss of neurons but that alter-
ations in neuronal density, decreased neuronal size and/or
decreases in the neuropil (axons+dendrites+glia) may ac-
count for the reductions in grey matter in persons with the
disorder. In 1982, Feinberg8 speculated that schizophrenia
might result “from a defect of synaptic elimination pro-
grammed to occur during adolescence.” Consistent with this
hypothesis, at least 2 lines of evidence suggest that the brains
of adult patients with schizophrenia have fewer synaptic con-
nections in multiple brain regions (for a review, see Faludi
and Mirnics9). First, the majority of excitatory synaptic input
in the brain involves asymmetric synapses onto dendritic
spines, and postmortem brain studies have reported de-
creased spine density on cortical pyramidal cells from pa-
tients with schizophrenia compared with controls.10–13 It is
mainly this type of axo-dendritic synapse onto spines that is
eliminated during developmental synaptic pruning. Second,
at a molecular level, numerous studies have demonstrated
decreases in a variety of presynaptic protein markers in the
brains of patients with schizophrenia.9 Whereas these studies
are consistent with the conclusion that there are fewer synap-
tic connections in postmortem brains of patients with schizo-
phrenia, it should be noted that these studies were performed
on brains from adults and do not inform us about synaptic
changes during the onset of symptoms in young adulthood.
Neuroimaging studies of young patients with first-episode

schizophrenia are able to target earlier developmental stages
of the disorder, and some of these findings are consistent
with enhanced synaptic pruning at this time. The pro-
nounced loss of grey matter occurring in the early years after
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the onset of schizophrenia, described by Andreasen and col-
leagues,1 coincides with the time in normal human develop-
ment when synaptic pruning is prominent. Using longitud -
inal magnetic resonance imaging (MRI) to look at brain
surface contraction, Sun and colleagues14 showed greater con-
traction in the dorsal frontal lobe of patients with first-
episode schizophrenia compared with controls. Overall,
however, brain surface contraction showed a similar anatom -
ic pattern in patients and controls, supporting the idea that
patients were exhibiting an exaggeration of the normal de -
velop mental loss of brain volume. Phosphorous-31 magnetic
resonance spectroscopy (MRS) has been used to exam ine
phospholipid metabolism in the brains of patients with
schizo phrenia, with phosphomonoesters (PMEs) being in-
volved in membrane phospholipid synthesis and phospho -
diesters (PDEs) being involved in membrane phospholipid
breakdown. Two studies imaging medication-naive patients
with first-episode schizophrenia and with mean ages of 24 and
26 years, respectively, found decreased levels of PMEs and in-
creased PDEs in the prefrontal cortex,15,16 whereas studies
imaging older patients with schizophrenia (mean ages 29, 32,
37, 37 and 43 years, respectively) failed to find an increase in
PDEs in cortical regions.16–19 Increased brain levels of PDEs in
the younger patients is probably one of the more direct
pieces of evidence suggesting increased membrane break-
down, possibly owing to enhanced synaptic elimination in
the early stages of schizophrenia. Finally, a recent meta-
analysis looked at MRS studies of brain N-acetylaspartate
(NAA), a metabolite thought to be an indicator of
neuronal/axonal loss or neuronal metabolism. Decreased
NAA levels were found in frontal and temporal lobes of pa-
tients with first-episode and those with chronic schizophre-
nia, with only a trend for a temporal lobe decrease in patients
at risk for psychosis, leading the authors to speculate that al-
terations in NAA might occur in the transition between the
at-risk stage and the first episode.20 Whereas these findings
on NAA may be consistent with enhanced synaptic pruning
during early-stage schizophrenia, the precise significance of
reduced NAA levels is open to interpretation given the in-
volvement of NAA in a multiplicity of neuronal functions.21

Basic science studies have succeeded in outlining molecular
mechanisms determining synaptic density during normal
brain development, and abnormalities in some of these path-
ways have been implicated in patients with schizophrenia. As
mentioned, the presynaptic bouton of most excitatory
synapses abuts onto a dendritic spine, which is a small protu-
berance containing an actin cytoskeleton, glutamate receptors
and other proteins regulating synaptic function. A large body
of evidence supports the concept that excitatory activity medi-
ated by the N-methyl-D-aspartate (NMDA) subtype of gluta-
mate receptor is a major factor determining stabilization of
synapses. N-methyl-D-aspartate receptor activation modulates
cytoskeletal dynamics, regulates expression of structural pro-
teins and neurotrophins, such as brain-derived neuro trophic
factor (BDNF), that promote synapse stabilization, and re-
cruits α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
(AMPA) receptors, which support spine maintenance.22,23 The
actin cytoskeleton, which determines spine morphology and

hence synaptic function, is also highly regulated by a family
of small RhoGTPases (RhoA, Rac1, Cdc42), which  cycle be-
tween activation by guanine nucleotide exchange factors
(GEFs) and inhibition by GTPase-activating proteins.24 A
well-known candidate gene for schizophrenia, DISC1, has re-
cently been shown to interact with one of these GEFs, called
Kalirin-7, limiting activation of Rac1, whereas NMDA re -
ceptor activation causes dissociation of DISC1 from Kalirin-7,
enabling Rac1 activation.25 This interaction of DISC1 with
regu lators of the actin cytoskeleton may account for the loss
of dendritic length and spine density observed in DISC1 mu-
tant mice.26

Other proteins, which have been shown to be reduced in
the postmortem brains of persons with schizophrenia, may
also plausibly interact with mechanisms regulating synaptic
stability and elimination. For example, Hill and colleagues27

have reported that prefrontal cortex tissue from patients with
schizophrenia contained decreased levels of messenger RNA
(mRNA) for RhoGTPase Cdc42 and for Duo, the human or-
tholog of mouse Kalirin-7, suggesting that decreased expres-
sion of these proteins may affect actin dynamics and hence
spine density in patients with schizophrenia.28 As another
 example, reelin is a glycoprotein reported to be reduced in the
brains of patients with schizophrenia, whereas dendritic spine
density has been shown to be reduced in reelin-deficient
 rodent models. Phosphorylation of the F-actin binding pro-
tein, n-cofilin, inhibits its actin-severing activity, leading to
stabilization of the cytoskeleton, and recently it has been
shown that signalling by reelin is required for n-cofilin phos-
phorylation.29 Thus, in patients with schizophrenia, reduced
reelin may reduce cytoskeleton stability and dendritic spine
density via a decrease in n-cofilin phosphorylation. As a final
example, BDNF is a neurotrophic protein implicated in the
maintenance of spine density in some brain regions. Several
studies have observed reduced BDNF protein and mRNA
levels in patients with schizophrenia and, in one report, lev-
els of BDNF mRNA correlated positively with spine density
in the prefrontal cortex of such patients.30,31 This background
provides plausible mechanisms for involvement of proteins
like Cdc42, reelin or BDNF in synaptic stability in patients
with schizophrenia. However, it should be noted that re-
duced expression of these proteins has been observed in
postmortem brains from adult patients, and nothing is
known about the status of these molecules in the brains of
young adults with first-episode schizophrenia (when synap-
tic pruning is proposed to be aberrant). Moreover, merely
showing reduced levels of one of these proteins certainly
doesn’t prove its involvement in aberrant synaptic pruning in
patients with schizophrenia.
Finally, recent findings reported in Sciencemight serve as a

reminder that we still have much to learn about the basic
process of synaptic pruning even in normal development. In
an intriguing set of experiments, Paolicelli and colleagues32

provided novel evidence for involvement of microglia in
synaptic pruning by showing that these cells can engulf
synaptic material in the uninjured developing mouse brain.
Moreover, they showed that knockout of the receptor for the
chemokine fractalkine, which is necessary for microglial
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 migration, caused deficient synaptic pruning and an excess of
dendritic spines and immature synapses. These experiments
introduce a range of new candidate mechanisms involving
microglial function that could contribute to aberrant synaptic
pruning in patients with schizophrenia.
In closing, I would conclude that abnormal synaptic prun-

ing remains an attractive hypothesis in schizophrenia, but we
remain rather remote from its proof. Nonetheless, if it is in
fact abnormal, synaptic pruning could represent an interest-
ing target for therapeutic intervention in patients with schizo -
phrenia, given our increasing understanding of the mechan -
isms involved in normal synaptic stabilization and pruning.
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