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Abstract
Schizophrenia is associated with auditory processing impairments that could arise as a result of
primary auditory cortex excitatory circuit pathology. We have previously reported a deficit in
dendritic spine density in deep layer 3 of primary auditory cortex in subjects with schizophrenia.
As boutons and spines can be structurally and functionally co-regulated, we asked whether the
densities of intracortical excitatory or thalamocortical presynaptic boutons are also reduced. We
studied 2 cohorts of subjects with schizophrenia and matched controls, comprising 27 subject pairs
and assessed the density, number, and within-bouton vesicular glutamate transporter (VGluT)
protein level of intracortical excitatory (VGluT1-immunoreactive) and thalamocortical (VGluT2-
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immunoreactive) boutons in deep layer 3 of primary auditory cortex using quantitative confocal
microscopy and stereologic sampling methods. We found that VGluT1- and VGluT2-
immunoreactive puncta densities and numbers were not altered in deep layer 3 of primary auditory
cortex of subjects with schizophrenia. Our results indicate that reduced dendritic spine density in
primary auditory cortex of subjects with schizophrenia is not matched by a corresponding
reduction in excitatory bouton density. This suggests excitatory boutons in primary auditory cortex
in schizophrenia may synapse with structures other than spines, such as dendritic shafts, with
greater frequency. The discrepancy between dendritic spine reduction and excitatory bouton
preservation may contribute to functional impairments of the primary auditory cortex in subjects
with schizophrenia.

Keywords
VGluT1; VGluT2; primary auditory cortex; quantitative microscopy; stereology; postmortem
human tissue

1. Introduction
Individuals with schizophrenia exhibit impairments in auditory processing, including pure
tone frequency discrimination (Javitt et al. 2000; Leitman et al. 2010). Electrophysiological
deficits observed during auditory processing tasks, such as reduction in the mismatch
negativity (MMN) response to stimulus changes during a repetitive acoustic stimulus
presentation (Javitt et al. 1994; Javitt et al. 2000; Naatanen and Kahkonen 2009), are also
observed in schizophrenia. In addition to functional abnormalities, gray matter volume loss
is consistently reported in the anatomical region of the primary auditory cortex in the
superior temporal gyrus (STG) (McCarley et al. 1999; Rajarethinam et al. 2004) and
Heschl’s gyrus (Hirayasu et al. 2000; Kasai et al. 2003; Salisbury et al. 2007; Takahashi et
al. 2009) of subjects with schizophrenia and high-risk individuals.

Evidence suggests that alterations of excitatory, glutamatergic synapses could underlie the
structural and functional abnormalities in the auditory cortex in schizophrenia. For example,
the MMN response is disrupted by blocking the NMDA subtype of ionotropic glutamate
receptor (Gunduz-Bruce et al. 2012; Javitt et al. 1996). In subjects with schizophrenia,
spinophilin-immunoreactive (−IR) puncta density (a marker of dendritic spines) is reduced
in the primary auditory cortex (Sweet et al. 2009), suggesting that the density of
postsynaptic components of excitatory synapses in the auditory cortex is reduced. Trans-
synaptic communication coordinates functional and structural changes between pre- and
postsynaptic elements, as indicated by reports that postsynaptic alterations such as AMPA
receptor removal (Ripley et al. 2011) or protein synthesis inhibition (McCann et al. 2007)
lead to presynaptic bouton loss. Therefore, reduced dendritic spine density in schizophrenia
may be indicative of a coordinated reduction in excitatory bouton density. Alternatively, if
excitatory bouton density is unchanged, then this could indicate that the distribution of their
postsynaptic targets is altered. For example, excitatory boutons may synapse with dendritic
shafts with greater frequency, which occurs following spine loss in culture (Mateos et al.
2007; Woods et al. 2011). Here, we asked whether the density of excitatory boutons in deep
layer 3 of primary auditory cortex is reduced in individuals with schizophrenia.

Glutamatergic inputs to the primary auditory cortex can be broadly classified into two
groups: thalamocortical inputs primarily to layer 4 and deep layer 3 from the medial
geniculate nucleus of the thalamus, and intracortical excitatory inputs originating within
primary auditory cortex and from other cortical regions. It is important to distinguish
between the two populations because alterations of excitatory synapses in the primary
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auditory cortex may have different functional consequences depending on whether
thalamocortical boutons or intracortical excitatory boutons are affected. The two populations
can be differentiated at the molecular level by the presence of different isoforms of the
vesicular glutamate transporter (VGluT). Most reports indicate that VGluT1 is preferentially
expressed in neurons in the cortex and hippocampus, and VGluT2 is preferentially expressed
in neurons located in subcortical structures, including some nuclei of the thalamus
(Fremeau, Jr. et al. 2001; Fremeau, Jr. et al. 2004a; Fremeau, Jr. et al. 2004b; Kaneko and
Fujiyama 2002). Levels of VGluT protein have also been shown to be correlated with
glutamate release and synaptic strength (Wilson et al. 2005), and so changes in within-
bouton levels of these proteins may indicate functional impairments of these synapses.

We used quantitative fluorescence confocal microscopy to examine VGluT1- and VGluT2-
immunoreactive puncta in primary auditory cortex of two cohorts of subjects, comprising a
total of 27 subjects with schizophrenia and an equal number of matched controls. We found
that densities and numbers of thalamocortical and intracortical excitatory boutons, and
within-bouton VGluT protein levels were not altered in deep layer 3 of primary auditory
cortex of subjects with schizophrenia. Taken together with our previous finding of reduced
dendritic spine density in this region, our data suggest that excitatory boutons may
aberrantly target non-spine postsynaptic structures, such as dendritic shafts. A shift in the
distribution of excitatory synapses away from spines and onto dendritic shafts could alter
excitatory circuit function in the primary auditory cortex.

2. Materials and Methods
2.1 Subjects and Animals

We studied two cohorts (Table 1 and Supplemental Table S1) of subjects diagnosed with
schizophrenia or schizoaffective disorder and matched controls included in our previous
studies (Dorph-Petersen et al. 2009; Moyer et al. 2012; Sweet et al. 2004; Sweet et al. 2007;
Sweet et al. 2009). We also studied a cohort of four male macaque monkeys (Macaca
fascicularis) chronically exposed to haloperidol decanoate, and four control macaques
matched for sex and weight (Sweet et al. 2007). See Supplemental Methods for further
description of subjects and tissue processing.

2.2 Immunohistochemistry
Auditory cortex containing tissue sections (3 from each subject in cohort 1 and 4 from each
subject in cohort 2) from matched pairs were processed together in immunohistochemistry
runs. VGluT1 was detected using a guinea pig anti-VGluT1 antibody (AB5905, Millipore,
Billerica, MA), and VGluT2 was detected using a rabbit anti-VGluT2 antibody (V2514,
HY-19; Sigma-Aldrich, St. Louis, MO). Although some evidence suggests that mRNA for
these transporters may be co-expressed (De Gois et al. 2005; Graziano et al. 2008; Hackett
et al. 2011), VGluT1 and 2 proteins demonstrate non-overlapping and complimentary
patterns of expression throughout the brain. VGluT1 is the predominant vesicular glutamate
transporter in corticocortical and corticothalamic neurons, while VGluT2 is the predominant
transporter expressed in thalamocortical neurons (Fremeau, Jr. et al. 2001; Fremeau, Jr. et al.
2004a; Fremeau, Jr. et al. 2004b; Hackett et al. 2011). In monkey and human auditory
cortex, we observed the expected pattern of VGluT1 immunoreactivity across all cortical
layers, and an apparent increase in VGluT2 immunoreactivity in the thalamocortical
termination zone in deep layer 3 and layer 4 (Figure 1A and 1B). In addition, we observed
minimal colocalized labeling of puncta with these anti-VGluT1 and -VGluT2 antibodies,
although both markers showed extensive colocalization with an antibody targeting the
presynaptic bouton marker synaptophysin (Figure 1C and 1D). Also, we observed no
colocalization of VGluT1- and VGluT2-immunoreactive (IR) puncta with a marker of
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inhibitory GABAergic presynaptic boutons, glutamate decarboxylase-65 (Moyer et al.
2012).

2.3 Quantification of VGluT1- and VGluT2-IR Puncta
VGluT1- and VGluT2-IR puncta within deep layer 3 of primary auditory cortex were
quantified in this study using spinning disk confocal microscopy. Stereologic sampling,
confocal imaging, and image processing were conducted as described previously (Moyer et
al. 2012), and are described in the Supplemental Methods. Mean puncta fluorescence
intensity, and mean density and number of puncta in deep layer 3 were determined for
VGluT1- and VGluT2-IR puncta.

See Supplemental Methods for additional details of statistical analyses.

3. Results
3.1 VGluT1-IR Puncta

The density of VGluT1-IR puncta was not significantly different between subjects with
schizophrenia and control subjects (F(1, 23.2)= 0.34, p=0.568, 95% CI: (−.001,.002)) (Figure
2A). Because we have previously determined the total volume of primary auditory cortex
layer 3 for cohort 2 subjects (Dorph-Petersen et al. 2009), we were able to estimate the total
number of VGluT1-IR puncta in primary auditory cortex deep layer 3 for the 12 subject
pairs of cohort 2 and we found that the absolute number of VGluT1-IR puncta was not
different in schizophrenia (F(1, 10) =0.003, p=0.956, 95% CI: (−1.62 × 108, 1.54 × 108))
(Figure 2B). Because of the differences in tissue processing methods, we were not able to
estimate puncta number in subject pairs from cohort 1. We observed no significant
alterations in primary auditory cortex deep layer 3 VGluT1-IR puncta fluorescence intensity
(F(1, 149)= 0.42, p=0.518, 95% CI: (−.09,.18)), indicating that relative levels of within-
bouton VGluT1 protein are not different between schizophrenia and control subjects (Figure
2C).

We observed no effect of chronic haloperidol exposure on density (F(1, 17.3)=0.95; p=0.343,
95% CI: (−.003,.01)) or intensity (F(1, 18.6)=0.36; p=0.554, 95% CI: (−.11,.21)), of VGluT1-
IR puncta in deep layer 3 of primary auditory cortex of antipsychotic-exposed macaques
(Figure 3).

3.2 VGluT2-IR puncta
We observed no significant change in primary auditory cortex deep layer 3 VGluT2-IR
puncta density (F(1, 23.3)= 0.97, p=0.335, 95% CI: (−.0003,.001)) in subjects with
schizophrenia (Figure 4A). Similarly, we found that the absolute number of VGluT2-IR
puncta was not altered in cohort 2 schizophrenia subjects relative to matched controls
(F(1, 10) =0.153, p=0.704, 95% CI: (−1.11 × 108, 1.58 × 108)) (Figure 4B). There were also
no diagnostic group differences in primary auditory cortex deep layer 3 VGluT2-IR puncta
fluorescence intensity (F(1, 23.2)= 0.69, p=0.413, 95% CI: (−.09,.04)) (Figure 4C).

We observed trends toward increased VGluT2-IR puncta fluorescence intensity (F(1, 20.6)=
3.05, p=0.096, 95% CI: (−.02,.17)) and increased VGluT2-IR bouton puncta density
(F(1, 20.5)=3.64, p=0.071, 95% CI: (−.0002,.003)) in haloperidol-exposed macaques,
although neither reached statistical significance (Figure 5).

4. Discussion
Here we asked whether there are alterations in intracortical excitatory or thalamocortical
boutons in deep layer 3 of the primary auditory cortex of subjects with schizophrenia. We
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report that neither VGluT1-IR intracortical excitatory nor VGluT2-IR thalamocortical
boutons are altered in density or number. To the best of our knowledge, no studies have
examined densities of these two bouton populations in schizophrenia, although the question
of whether VGluT1 or VGluT2 mRNA or protein levels are altered has been asked.
Conflicting studies of VGluT1 expression in schizophrenia report reduced mRNA in
prefrontal cortex and hippocampus (Eastwood and Harrison 2005), no change in mRNA in
the prefrontal cortex (Fung et al. 2011; Oni-Orisan et al. 2008), and increased mRNA and
protein in anterior cingulate cortex (Oni-Orisan et al. 2008). Studies of VGluT2 expression
in schizophrenia have found that mRNA and protein are unaltered in anterior cingulate and
prefrontal cortices (Oni-Orisan et al. 2008), and that mRNA expression in inferior temporal
cortex is reduced (Uezato et al. 2009). In the present study, we did not find VGluT1-or
VGluT2-IR puncta fluorescence intensities to be altered, suggesting that within-bouton
VGluT protein levels are unchanged in subjects with schizophrenia. This indicates that our
ability to detect immunoreactive puncta was unimpaired by any changes in VGluT protein
levels within presumptive boutons. This also suggests that excitatory boutons in the auditory
cortex of subjects with schizophrenia are not impaired in terms of their VGluT protein
content. However it remains possible that levels of other proteins involved in glutamate
release are altered within excitatory boutons, as reductions in mRNA expression of other
presynaptic release machinery genes have been reported in schizophrenia (Mirnics et al.
2000).

4.1 Possible implications of auditory cortex spine loss and excitatory bouton preservation
Together with our previous study (Sweet et al. 2009) we found that spine density is reduced
in auditory cortex of subjects with schizophrenia but excitatory bouton density is not
reduced. One interpretation of our result is that the primary auditory cortex in subjects with
schizophrenia has a normal complement of excitatory boutons but that some of these lack
postsynaptic contacts. Evidence of boutons which lack postsynaptic contacts has been
reported in electron microscopy studies (Jones et al. 1997; Shepherd and Harris 1998) which
suggests that boutons are stable in the absence of a post-synaptic contact. However, chronic
in vivo imaging studies demonstrate varying rates of turnover for presynaptic boutons in the
cortex (De Paola et al. 2006). This would suggest that boutons do not persist without
postsynaptic contacts, but instead undergo formation and elimination such that a cross-
sectional microscopy analysis will uncover a certain percentage of boutons which appear to
not contact postsynaptic structures.

Probably the most parsimonious explanation for the observed deficit in dendritic spines but
not excitatory boutons in the primary auditory cortex in schizophrenia is that a greater
proportion of excitatory boutons form synapses with dendritic shafts rather than spines. This
could result from a failure in the downregulation of shaft synapses relative to spine synapses
during early development, as occurs during the first few postnatal weeks in the rat
hippocampus (Boyer et al. 1998; Fiala et al. 1998). Alternatively, several lines of
experimental evidence suggest that the prevalence of excitatory shaft synapses may increase
when dendritic spines are lost. In the hippocampus, spine loss leads to an increase in the
number of synapses occurring on dendritic shafts (Mateos et al. 2007), and an enrichment of
PSD-95 in the dendritic shaft (Woods et al. 2011). Whether due to a developmental
disturbance or to spine loss, it is tempting to speculate that individuals with schizophrenia
may demonstrate an increased proportion of shaft synapses relative to spine synapses.
Indeed, recent electron microscopy evidence has revealed an increased proportion of
asymmetric synapses formed with dendritic shafts in the anterior cingulate cortex of subjects
with schizophrenia (Barksdale et al. 2012). Future studies could examine if VGluT-IR
boutons in the auditory cortex of subjects with schizophrenia demonstrate a relative increase
in frequency of apposition to dendritic shaft postsynaptic densities, which would suggest an
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increased prevalence of shaft-targeting excitatory synapses. It would also be of interest to
determine if expression of proteins which have been shown to mediate shaft synapse
formation, such as GRIP1 and ephrinB3 (Aoto et al. 2007), are altered in this cortical region.
Finally, emphasis should be placed on characterizing animal models of structural excitatory
synapse pathology relevant to schizophrenia. For example, models of increased adolescent
spine elimination such as the kalirin knockout mouse (Cahill et al. 2009), could be evaluated
to determine whether excitatory boutons persist despite reduction in cortical spine density,
and whether the proportions of shaft and spine synapses are altered.

The functional implications of a relative increase in shaft synapses concurrent with a
reduction in spine synapses are not fully understood. Spines play important roles in
segregating frequency inputs within the auditory cortex (Chen et al. 2011) and serve to
normalize the magnitude of inputs occurring at different distances from the soma (Harnett et
al. 2012). In addition there is a reduction in dendritic length and branching in the cortex of
individuals with schizophrenia (Broadbelt et al. 2002; Glantz and Lewis 2000) that would be
expected to alter excitatory input summation, EPSP magnitude (Jaslove 1992), summation
of responses at the soma (Shepherd et al. 1989), and neuron firing rates (Tsay and Yuste
2004). Determining whether these alterations can account for impaired frequency
discrimination and reduced auditory event related potentials observed in individuals with
schizophrenia, however, will require analysis in animal models that recapitulate these
structural changes.

4.2 Non-glutamatergic bouton populations in auditory cortex may be affected
Previously, we reported that the density of synaptophysin-IR puncta is reduced in deep layer
3 of primary auditory cortex of subjects with schizophrenia (Sweet et al. 2007).
Synaptophysin is a vesicular protein that is found in classical neurotransmitter-releasing
boutons (Navone et al. 1986); therefore, this finding could represent a relative density
reduction of many different types of boutons. We have previously determined that the
density of GAD65-IR puncta is unchanged in deep layer 3 of primary auditory cortex
(Moyer et al. 2012), and here we report that the densities of presumptive intracortical and
thalamocortical glutamatergic boutons are also unchanged. However, densities of other
potential synaptophysin-IR bouton types have not yet been evaluated in primary auditory
cortex in schizophrenia. For example, boutons of the chandelier cell population of inhibitory
neurons, which appear to be affected in schizophrenia (Lewis 2011), have been shown to
express only the 67 kDa isoform of GAD (Fish et al. 2011) and thus would not have been
quantified in our previous study. Also, recent evidence suggests that a sub-population of
inhibitory boutons originating from somatostatin-expressing interneurons, another
population which has been implicated in the neuropathology of schizophrenia (Morris et al.
2008), may express only GAD67 (Rocco and Fish 2010). Finally, it is possible that the
densities of non-glutamatergic, non-GABAergic boutons, such as cholinergic, serotonergic,
or dopaminergic boutons, which are present in primary auditory cortex (Campbell et al.
1987), are reduced in schizophrenia.

4.3 Use of VGluTs as markers of intracortical excitatory and thalamocortical boutons
Several potential methodological limitations are important to consider. We identified
presumptive intracortical and thalamocortical boutons on the basis of their VGluT1 and
VGluT2 immunoreactivity. Most reports indicate complementary and non-overlapping
expression of VGluT1 and VGluT2 in the neocortex and subcortical structures (Fremeau, Jr.
et al. 2001; Fremeau, Jr. et al. 2004a; Fremeau, Jr. et al. 2004b; Kaneko and Fujiyama
2002). Congruent with these reports, we observed little to no colocalization of VGluT1 and
VGluT2-immunoreactivity in human and monkey auditory cortex tissue sections (Figure 1D
and 1E; also see (Sweet et al. 2010)). Based on this evidence, we conclude that the failure to
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observe differences in intracortical excitatory and thalamocortical bouton characteristics
between control and schizophrenia subjects is not due to lack of specificity of the two
bouton population markers. However, it should be noted that VGluT1 and VGluT2 can be
colocalized in boutons in neocortical cultures and in layer 4 of the somatosensory cortex (De
Gois et al. 2005; Graziano et al. 2008), and VGluT1 and VGluT2 mRNA expression may
overlap in the medial geniculate nucleus (Hackett et al. 2011) (but see (Fremeau, Jr. et al.
2004b)), suggesting that both proteins could be coexpressed in thalamocortical projections
to the auditory cortex. Therefore, it is not impossible that some VGluT1-IR puncta identified
in our study could actually be thalamocortical rather than intracortical excitatory boutons. In
addition, although the medial geniculate nucleus is likely to contribute the majority of
subcortical inputs to the primary auditory cortex, it is possible that VGluT2-IR inputs from
other subcortical structures are included in our presumptive thalamocortical bouton analyses.
For example, the rodent primary auditory cortex receives input from the hypothalamus and
the paraventricular nuclei of the thalamus (Budinger et al. 2008). It is possible that
quantifying other subcortical excitatory inputs could have masked alterations which are
specific to VGluT2-IR boutons originating from the auditory thalamus but are not present in
VGluT2-IR boutons from other sources.

4.4 Conclusions
In summary, we report that intracortical excitatory and thalamocortical boutons are
unaltered in their density, number, and level of VGluT protein in deep layer 3 of primary
auditory cortex of individuals with schizophrenia. Thus, presynaptic excitatory boutons
appear to be preserved in the primary auditory cortex, despite reduced density of
postsynaptic dendritic spines. Further investigation is needed to understand whether
excitatory boutons have intact expression of proteins influencing glutamate release and to
evaluate the functional implications of a discrepancy between preservation of boutons and
loss of spines. Future studies in postmortem human tissue and animal models will aid the
development of treatments aimed at normalizing the function of excitatory circuitry in
schizophrenia.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Specificity of antibodies used to identify VGluT1- and VGluT2-immunoreactive puncta. A.
VGluT1 and VGluT2 immunoreactivity across all cortical layers of primary auditory cortex
of one human subject from cohort 2. Blue outline in “Merge” panel represents the deep layer
3 contour, and the counting frame represents a sampling site. Scale bar is 200 μm. B.
VGluT1 and VGluT2 immunoreactivity across all cortical layers of primary auditory cortex
of a macaque. Image was taken using a laser scanning confocal. Scale bar is 200 μm. C. The
antibodies directed against VGluT1 and VGluT2 label two separate bouton populations with
no observable colocalization of markers. Scale bar is 10 μm. D. The VGluT1 and VGluT2
antibodies demonstrate overlap with an antibody directed against synaptophysin, a protein
found in all classical neurotransmitter releasing boutons. The arrowheads indicate a bouton
that is immunoreactive for VGluT1 and synaptophysin and arrows indicate a bouton that is
immunoreactive for VGluT2 and synaptophysin. Scale bar is 10 μm.
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Figure 2.
VGluT1-IR puncta density, number, and mean fluorescence intensity are unaltered in deep
layer 3 of primary auditory cortex of subjects with schizophrenia. A. (Top) VGluT1-IR
puncta density for subjects in cohort 1 (open circles) and cohort 2 (gray circles). Reference
line represents schizophrenia = control values, where points below the line indicate a pair
where control > schizophrenia, and points above the line indicate schizophrenia > control.
(Bottom) Diagnostic group mean puncta density for control (c) and schizophrenia (s)
subjects in cohort 1 (open bars) and cohort 2 (gray bars). Error bars are +/− SEM. B. (Top)
VGluT1-IR puncta number for subjects in cohort 2. Reference line represents schizophrenia
= control values, where points below the line indicate a pair where control > schizophrenia,
and points above the line indicate schizophrenia > control. (Bottom) Diagnostic group mean
puncta number for control (c) and schizophrenia (s) subjects in cohort 2. Error bars are +/−
SEM. C. (Top) VGluT1-IR puncta fluorescence intensity for subjects in cohort 1 (open
circles) and cohort 2 (gray circles). Reference line represents schizophrenia = control values,
where points below the line indicate a pair where control > schizophrenia, and points above
the line indicate schizophrenia > control. (Bottom) Diagnostic group mean puncta
fluorescence intensity for control (c) and schizophrenia (s) subjects in cohort 1 (open bars)
and cohort 2 (gray bars). Error bars are +/− SEM.
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Figure 3.
Chronic antipsychotic exposure does not alter VGluT1-IR puncta mean density or
fluorescence intensity. (Top) VGluT1-IR puncta mean density (A) or fluorescence intensity
(B) for monkey cohort. Reference line represents antipsychotic = control values, where
points below the line indicate a pair where control > antipsychotic-exposed, and points
above the line indicate antipsychotic-exposed > control. (Bottom) Group means for control
(open bars) and antipsychotic-exposed (gray bars) animals. Error bars are +/− SEM.
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Figure 4.
VGluT2-IR bouton density, number, and mean fluorescence intensity are unaltered in deep
layer 3 of primary auditory cortex of subjects with schizophrenia. A. (Top) VGluT2-IR
puncta density for subjects in cohort 1 (open circles) and cohort 2 (gray circles). Reference
line represents schizophrenia = control values, where points below the line indicate a pair
where control > schizophrenia, and points above the line indicate schizophrenia > control.
(Bottom) Diagnostic group mean puncta density for control (c) and schizophrenia (s)
subjects in cohort 1 (open bars) and cohort 2 (gray bars) Error bars are +/− SEM. B. (Top)
VGluT2-IR puncta number for subjects in cohort 2. Reference line represents schizophrenia
= control values, where points below the line indicate a pair where control > schizophrenia,
and points above the line indicate schizophrenia > control. (Bottom) Diagnostic group mean
puncta number for control (c) and schizophrenia (s) subjects in cohort 2. Error bars are +/−
SEM. C. (Top) Mean VGluT2-IR puncta fluorescence intensity for each schizophrenia-
control subject pair in cohort 1 (open circles) and cohort 2 (gray circles). Reference line
represents schizophrenia = control values, where points below the line indicate a pair where
control > schizophrenia, and points above the line indicate schizophrenia > control.
(Bottom) Diagnostic group mean puncta fluorescence intensity for control (c) and
schizophrenia (s) subjects in cohort 1 (open bars) and cohort 2 (gray bars). Error bars are +/
− SEM.
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Figure 5.
Chronic antipsychotic exposure does not alter VGluT2-IR puncta mean density or
fluorescence intensity. (Top) VGluT2-IR puncta mean density (A) or fluorescence intensity
(B) for monkey cohort. Reference line represents antipsychotic = control values, where
points below the line indicate a pair where control > antipsychotic-exposed, and points
above the line indicate antipsychotic-exposed > control. (Bottom) Group means for control
(open bars) and antipsychotic-exposed (gray bars) animals. Error bars are +/− SEM.
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