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Objective: Inhibition mediated by γ-aminobutyric acid at the
axon initial segment of pyramidal neurons appears to be al-
tered in the prefrontal cortex in schizophrenia. This study exam-
ined the densities and laminar distribution of axon initial seg-
ments labeled with an antibody against the serotonin1A (5-HT1A)
receptor, which also mediates inhibitory regulation of pyrami-
dal neurons, in subjects with schizophrenia.

Method: The densities and laminar distribution of axon initial
segments with 5-HT1A-like immunoreactivity were assessed in
postmortem tissue from the prefrontal cortex (Brodmann’s area
46) of 14 matched triads of subjects with schizophrenia, sub-
jects with major depressive disorder, and comparison subjects
with no psychiatric disorder.

Results: The relative densities of the labeled axon initial seg-
ment in both the superficial and the deep cortical layers did not
differ across the three subject groups.

Conclusions: The findings do not support a role for altered se-
rotonin transmission by means of the 5-HT1A receptor in dysfunc-
tion of prefrontal cortex pyramidal neurons in schizophrenia.

(Am J Psychiatry 2004; 161:739–742)

Dysfunction of the prefrontal cortex in schizophrenia
is associated with alterations in excitatory pyramidal neu-
rons and in inhibitory neurotransmitter systems that reg-
ulate pyramidal neuron activity. For example, subjects
with schizophrenia exhibit alterations in both pre- and
postsynaptic markers of γ-aminobutyric acid (GABA) neu-
rotransmission at the axon initial segment of pyramidal
neurons in the prefrontal cortex, the site of action poten-
tial generation (1, 2). It is interesting to note that the
serotonin1A (5-HT1A) receptor has been reported to be
highly concentrated at the axon initial segment of pyrami-
dal neurons (3), where it mediates neuronal hyperpolar-
ization by activating potassium channels (4). Postmortem
autoradiographic studies have reported higher concentra-
tions of 5-HT1A receptors in the prefrontal cortex, includ-
ing Brodmann’s area 46, in subjects with schizophrenia
(5), although a recent study that used positron emission
tomography did not detect altered 5-HT1A receptor bind-
ing in the dorsolateral prefrontal cortex (6). However,
these studies lacked the resolution required to identify 5-
HT1A receptors localized to the axon initial segment of py-
ramidal neurons. Consequently, in this study, we sought to
determine whether the density or laminar distribution of
axon initial segments with 5-HT1A-like immunoreactivity
is altered in the prefrontal cortex in subjects with schizo-
phrenia and whether such changes are diagnostically
specific.

Method

The 14 subject triads, each consisting of one subject with
schizophrenia, one subject with major depressive disorder, and
one comparison subject with no psychiatric disorder, examined
in this study have been described previously (2). The subjects
within the triads were matched for sex and matched as closely as

possible for age and postmortem interval. Subject groups did not
significantly differ in mean age, postmortem interval, or tissue
storage time (2). After we obtained informed consent from the
subjects’ next of kin, brain tissue was collected during autopsies
conducted at the Allegheny County (Penn.) Coroner’s Office and
handled in an identical fashion for each subject (i.e., 48-hour im-
mersion fixation in a solution of 4% paraformaldehyde followed
by cryoprotection and storage at –30° C) (2). A consensus diagno-
sis was obtained for each subject by an independent panel of
clinicians (1).

Three tissue sections (40-µm thick) containing Brodmann’s area
46 of the prefrontal cortex from each subject were processed for
immunocytochemistry (1) in a randomized block design (2) by us-
ing a rabbit polyclonal antibody (diluted to a concentration of 1:
2000) raised against amino acids 170–186 in the second intracellu-
lar loop of the 5-HT1A receptor (7). Although the specificity of this
antibody has been previously demonstrated (7), the pattern of la-
beling differs from that of antibodies directed against the third in-
tracellular loop and we cannot exclude cross-reactivity with an
unknown protein localized to the axon initial segment. Sections
were mounted on coded slides, and the reaction product was in-
tensified with osmium tetroxide followed by silver nitrate (8).

For each section, the axon initial segments with 5-HT1A-like
immunoreactivity were randomly sampled in the superficial (lay-
ers 2–3a) and deep (layers 5–6) zones of the cortex by using Stereo
Investigator fractionator software (MicroBrightField, Inc., Willis-
ton, Vt.), as previously described (1, 2). All quantification was
conducted by one investigator (D.A.C.) who was blinded to the
subject’s identifying number and diagnosis. Intrarater assess-
ments of 5-HT1A-labeled axon initial segment identification re-
sulted in an intraclass correlation coefficient of 0.99 (95% confi-
dence interval=0.98–0.99).

Between-group comparisons were made by using analysis of
covariance (ANCOVA), with age, sex, postmortem interval, and
tissue storage time as covariates. The influences of sex, lifetime
history of substance abuse, cause of death, and psychotropic
drug exposure at the time of death on group differences, relative
to the comparison group, in the density of 5-HT1A-labeled axon
initial segments were also assessed by using ANCOVA.
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FIGURE 1. Density and Laminar Distribution of Axon Initial Segments With 5-HT1A-Like Immunoreactivity in Brodmann’s
Area 46 of the Prefronal Cortex in Deceased Subjects With Schizophrenia, Subjects With Major Depressive Disorder, and
Comparison Subjects With No Psychiatric Disordera

a Panel A shows a bright-field photomicrograph of axon initial segments labeled with an antibody against the 5-HT1A receptor in the superficial
layers of Brodmann’s area 46 of the prefrontal cortex in a comparison subject with no psychiatric disorder. The dashed line indicates the bor-
der between layer 1 and layer 2 of the cortex. Panels B, C, and D show brightfield photomicrographs of labeled axon initial segments in a
comparison subject with no psychiatric disorder (panel B), a subject with schizophrenia (panel C), and a subject with major depressive disor-
der (panel D). The segments appear as vertically oriented processes that are located below the unlabeled cell bodies of pyramidal neurons
and that taper slightly from superficial to deep layers. Panels E, F, and G show Neurolucida (MicroBrightField, Inc., Williston, Vt.) drawings il-
lustrating the laminar distribution of labeled axon initial segments in Brodmann’s area 46 of the prefrontal cortex in a comparison subject
with no psychiatric disorder (panel E), a subject with schizophrenia (panel F), and a subject with major depressive disorder (panel G). Each
drawing represents a 450-µm-wide traverse from the pial surface (solid line) to the white matter border (dashed line). Hash marks indicate
the location of laminar boundaries. Panel H shows the mean densities of labeled axon initial segments in individual comparison subjects,
subjects with schizophrenia, and subjects with major depressive disorder. The horizontal lines represent the mean value for each diagnostic
group. No between-group differences were observed in either the superficial (F=0.38, df=2, 35, p=0.69) or deep (F=1.77, df=2, 35, p=0.19)
zones of Brodmann’s area 46.

b The scale bar (100 µm) shown in panel G applies to panels E, F, and G.
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Results

In brightfield photomicrographs, the 5-HT1A-labeled
axon initial segments appeared as intensely immunoreac-
tive vertical structures that tapered from the superficial to
deep cortical layers and were located below the unlabeled
cell bodies of pyramidal neurons (Figure 1). In all subjects,
the density of the 5-HT1A-labeled axon initial segments
appeared to be greater in the superficial than in the deep
cortical layers, and layer 4 contained few labeled axon ini-
tial segments (Figure 1).

The mean density of 5-HT1A-labeled axon initial seg-
ments (measured in segments/mm2) did not differ be-
tween healthy comparison subjects, subjects with schizo-
phrenia, and subjects with major depressive disorder in
either the superficial zones (mean=784.1, SD=151.1;
mean=827.2, SD=161.7; and mean=794.7, SD=197.6, re-
spectively) or the deep zones (mean=456.9, SD=171.2;
mean=515.0, SD=128.2; and mean=422.8, SD=143.4, re-
spectively) of Brodmann’s area 46 (Figure 1). In addition,
the difference in 5-HT1A-labeled axon initial segment den-
sity between individual subjects with schizophrenia or
major depressive disorder and their matched comparison
subjects did not differ in either the superficial or the deep
cortical zones as a function of sex, lifetime history of sub-
stance abuse, cause of death, or psychotropic drug expo-
sure at the time of death (F<0.84, df=1, 11, p>0.38).

Discussion

Due to the location of the axon initial segment near the
site of action potential generation, inhibition at the axon
initial segment plays a potent role in regulating the output
of pyramidal neurons (9). Convergent findings indicate a
lower level of GABA neurotransmission at the axon initial
segment in patients with schizophrenia, relative to com-
parison subjects with no psychiatric disorder. For exam-
ple, in Brodmann’s area 46 in the prefrontal cortex of sub-
jects with schizophrenia, relative to comparison subjects
with no psychiatric disorder, immunoreactivity for the
GABA membrane transporter is lower in the axon termi-
nals of chandelier cells, the subclass of GABA neurons that
selectively target the axon initial segment of pyramidal
neurons, whereas greater immunoreactivity is found for
the α2 subunit of the GABAA receptor, which is preferen-
tially localized to the pyramidal neuron axon initial seg-
ment (1, 2). In contrast, the findings of this study demon-
strate that in the same subject cohorts, neither the relative
density nor laminar distribution of axon initial segments
with 5-HT1A-like immunoreactivity differed in the subjects
with schizophrenia, relative to the comparison subjects
with no psychiatric disorder or to the subjects with major
depressive disorder. Because 5-HT1A receptors at other
cellular locations were not visualized with the antibody
used in this study, changes in the overall density of these
receptors cannot be excluded. However, consistent with

the present findings, a previous study found no difference
in the density of axons that were immunoreactive for the
serotonin transporter in the prefrontal cortex of subjects
with schizophrenia, relative to matched comparison sub-
jects with no psychiatric disorder (10).

Although the findings of this study were negative, they
may be informative for the pathophysiology of schizo-
phrenia. Specifically, studies in monkeys have revealed
that adolescence is associated with marked changes in
both pre- and postsynaptic markers of GABA neurotrans-
mission at the pyramidal neuron axon initial segment (11),
whereas markers of 5-HT neurotransmission at the axon
initial segment are stable during this developmental
epoch (12). In concert with the studies reviewed earlier,
the current findings suggest that the maturation of GABA-
mediated inhibition at the pyramidal neuron axon initial
segment may be more relevant than 5-HT-mediated inhi-
bition for the appearance of the clinical features of schizo-
phrenia during late adolescence or early adulthood.
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Objective: Morphological indications of abnormal circuitry
have been detected in the prefrontal neuropil of patients with
schizophrenia. The authors tested the hypothesis that schizo-
phrenia is associated with smaller dendritic field size in layer V
pyramidal neurons in the prefrontal cortex.

Method: Tissue from area 10 with a mean postmortem inter-
val of 5.7 hours was obtained from 15 subjects with chronic
schizophrenia and 18 normal comparison subjects. After Golgi
impregnation, basilar dendritic field size was estimated for
layer V pyramidal neurons by ring intersection analysis.

Results: The schizophrenia subjects had 40% fewer total ring
intersections per neuron than comparison subjects. Smaller
basilar dendritic field size was evident in proximal and distal
branches.

Conclusions: These results indicate that abnormal dendritic
outgrowth or maintenance contributes to reduced neuropil
and prefrontal connectivity in schizophrenia. Short postmortem
intervals and resulting high tissue quality suggest that these dys-
trophic changes reflect schizophrenia pathology rather than
postmortem artifact.

(Am J Psychiatry 2004; 161:742–744)

Schizophrenic patients exhibit neuropsychological and
physiological impairments in prefrontal cortical function-
ing (1). Studies revealing lower volumes of prefrontal gray
matter and higher cell-packing density in pyramidal cell
layers of areas 9 and 46 support the “reduced neuropil hy-
pothesis” (2). These results may reflect less thalamocortical
input, resulting in observed reductions in dendritic length
and spine density in layer III pyramidal neurons (3–5).

Neuronal pathologies in schizophrenia also appear to
involve less dopaminergic input to the deep layers of the
prefrontal cortex (6). The targets of this input include pyra-
midal neurons in layer V, which are the primary source of
subcortical output and have collateral feedback with pyra-
midal neurons in layer III (7). Loss of dopaminergic projec-
tions may be associated with dendritic atrophy similar to
that observed in layer III. The density of layer V pyramidal
cells in schizophrenic subjects is higher than normal in the
frontopolar cortex (area 10) (8), where ultrastructural
synaptic pathologies have also been detected (9). In the

present study we investigated whether layer V pyramidal
neurons in area 10 of patients with chronic schizophrenia
exhibit quantitative morphological abnormalities.

Method

The University of Illinois institutional review board and the
Mental Health Research Center in Moscow (Russia) approved the
research, and consent from each family was obtained. Subject se-
lection, diagnostic approach, and neuropathological examina-
tion have been described previously (10). The criteria for subject
inclusion were a short postmortem interval and cardiovascular
disease or pneumonia as the cause of death. The exclusion crite-
ria were ischemic, degenerative, or metabolic disorders and a his-
tory of head trauma, brain neoplasm, or alcohol or drug abuse.
The schizophrenic subjects included eight women and seven
men with a mean age of 59.9 years (SD=17.0) and a mean post-
mortem interval of 6.0 hours (SD=1.6). They were inpatients in
Moscow psychiatric hospitals and had been diagnosed before
admission or in the hospitals, in which they resided for a mean of
18 years. ICD-10 diagnoses of schizophrenia for all 15 patients
were confirmed independently by two senior Russian psychia-
trists (including D.O.) using chart reviews and family interviews.


