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Schizophrenia and the Parvalbumin-Containing
Class of Cortical Local Circuit Neurons

Tsung-Ung Woo, M.D., Ph.D., Jed L. Miller, B.S., and David A. Lewis, M.D.

Objective: The purpose of this study was to test the hypothesis that abnormalities in the
parvalbumin-containing subclass of local circuit neurons contribute to altered γ-aminobu-
tyric acid (GABA) neurotransmission in the prefrontal cortex of schizophrenic subjects.
Method: Profile counts and somal size measures were made of parvalbumin-immunoreactive
neurons in areas 9, 46, and 17 from 15 matched pairs of schizophrenic and normal com-
parison subjects. Results: No differences in relative density, laminar distribution, or somal
size of labeled neurons were found in any region. Conclusions: These findings suggest that
altered GABA neurotransmission in schizophrenia is due to either abnormalities in other sub-
populations of prefrontal cortical GABA neurons or abnormalities in the parvalbumin-con-
taining subclass that could not be detected in the present study.
 (Am J Psychiatry 1997; 154:1013–1015)

A lterations in γ-aminobutyric acid (GABA) neuro-
transmission are thought to contribute to dysfunc-

tion of the prefrontal cortex and other brain regions in
patients with schizophrenia (1–4). For example, expres-
sion of the mRNA for glutamic acid decarboxylase, the
synthesizing enzyme for GABA, is decreased in the pre-
frontal cortex of schizophrenic subjects (5), and the ac-
tivity of this enzyme is reduced (6, 7). In addition,
GABAA receptor binding has been reported to be in-
creased (8), perhaps as a compensatory response to di-
minished GABA neurotransmission.

GABA-containing neurons can be categorized into
subtypes on the basis of morphological and biochemi-
cal features. The calcium-binding proteins calbindin,
calretinin, and parvalbumin are present in separate sub-
populations of local circuit neurons (9), which together
constitute 90% of GABA neurons (10). It is of interest
that parvalbumin is expressed in two morphological
subtypes, wide arbor and chandelier cells (11). These
subtypes form symmetric, inhibitory synapses with the
cell body and axon initial segment, respectively, of py-
ramidal neurons, the major class of cortical projection
neurons. Because these two classes of local circuit neu-
rons provide potent inhibitory regulation of pyramidal
neuron activity, they play a critical role in the flow of
information processing within the prefrontal cortex.

Consequently, we used immunocytochemical tech-
niques to determine whether the size, relative density,
or laminar distribution of parvalbumin-immunoreac-
tive neurons was altered in the prefrontal cortex of
schizophrenic subjects.

METHOD

Brain tissue was obtained from 15 matched pairs (10 male, five
female) of schizophrenic and normal comparison subjects. The
schizophrenic subjects did not differ in mean age (53.6 years,
SD=13.0) or postmortem interval (11.7 hours, SD=5.6) from the
comparison subjects (53.9 years [SD=13.8], and 11.3 hours [SD=5.4],
respectively). Clinical information was obtained, and consensus diag-
noses were made for each case, as previously described (12). Written
informed consent was obtained from the next of kin.

The left hemisphere of each brain was blocked coronally, im-
mersed in cold, phosphate-buffered 4% paraformaldehyde for 48
hours, and stored in an antifreeze solution at –30°C (12). Mean stor-
age time did not differ between the schizophrenic (45.9 months,
SD=18.7) and comparison (44.2 months, SD=16.9) subjects. Sections
(40 µm) were cut on a cryostat from the relevant tissue blocks, and
Nissl-stained sections were examined to identify the location of pre-
frontal cortex areas 9 and 46, and occipital area 17 (primary visual
cortex). The latter region was examined in order to determine the
regional specificity of observations made in the prefrontal cortex. Tis-
sue sections that contained the cytoarchitectonic regions of interest
were processed for parvalbumin immunoreactivity by using a rabbit
antiserum (provided by Dr. K. Baimbridge, University of British Co-
lumbia, Vancouver), a standard Vectastain kit (Vector, Burlingame,
Calif.), and diaminobenzidine (9). The specificity of the parvalbumin
antiserum has been previously demonstrated (9). Sections from each
case within a pair were processed together.

Labeled neuronal profiles in four 500-µm-wide cortical traverses,
from the pial surface to the white matter border, were plotted at a
magnification of 400× for each cortical region of each subject. All
counts were made by one investigator (J.L.M.) without knowledge of
case number or diagnosis. Recounting of a subset of the same cortical
traverses at a different time revealed neuronal counts that differed by
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less than 2%. The ratio of each laminar boundary to total cortical
thickness on Nissl-stained sections was used to determine the location
of laminar boundaries on the parvalbumin-labeled sections for each
subject. Measurements of the somal size of parvalbumin-immunore-
active neurons were also made in area 9, as previously described (13).
Paired t tests (df=14) were used to compare differences in the mean
values for the density and somal size of parvalbumin-labeled neurons,
and for cortical thickness, in schizophrenic and normal comparison
subjects.

RESULTS

The mean relative density and laminar distribution of
parvalbumin-immunoreactive neurons did not differ
between schizophrenic and comparison subjects in any
of the three regions examined (figure 1 and table 1). In
addition, the mean somal size of the 647 parvalbumin-
labeled neurons of the schizophrenic subjects (mean=
137.3 µm2, SD=63.9) did not differ from the somal size
of the 664 parvalbumin-labeled neurons of the com-

parison subjects (mean=138.0 µm2, SD=60.7). Finally,
compared to the normal comparison group, mean cor-
tical thickness in the schizophrenic subjects was de-
creased by 3.2% in area 9, 4.7% in area 46, and 5.9%
in area 17, but none of these differences achieved statis-
tical significance.

DISCUSSION

Although the profile counting procedure used in this
study cannot be used to estimate absolute neuronal den-
sity or number, our findings do demonstrate that the
relative density and laminar distribution of parvalbu-
min-immunoreactive local circuit neurons are not al-
tered in the prefrontal cortex of schizophrenic subjects.
Furthermore, the absence of a difference in somal size
indicates that this factor did not confound the compari-
sons of neuronal density. Greater neuronal density has
been observed in the prefrontal cortex of schizophrenic

FIGURE 1. Photomicrographs Illustrating the Distribution of Parvalbumin Immunoreactivity in Area 46 From a Normal Comparison Subject
and a Matched Schizophrenic Subjecta 

aPanel A: 48-year-old white male normal comparison subject with a 7.4-hour postmortem interval; panel B: 52-year-old white male schizophrenic
subject with a 10.0-hour postmortem interval. Note the similar patterns of distribution of labeled neurons and processes in both subjects.
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subjects in some (14), but not all (5), studies and has
been attributed to a loss of cortical neuropil. Conse-
quently, it is possible that the number of parvalbumin-
containing neurons is actually decreased in schizo-
phrenic subjects but that the density of these neurons
appears normal because of a reduced cortical volume.
However, this effect would appear to be small in the
present study, since there was only a 3.2%–5.9% de-
crease in mean cortical thickness in the schizophrenic
relative to the comparison subjects. In addition, the fail-
ure to find a difference in the density of parvalbumin-
immunoreactive neurons between schizophrenic and
comparison subjects does not appear to be a conse-
quence of inadequate sample size, since the magnitude
of the effect reported in a previous study of cortical lo-
cal circuit neuron density (4) indicates that the power
of the current study exceeds 0.95.

The findings of the present study do not exclude the
possibility of other abnormalities in the parvalbumin
class of local circuit neurons that might reflect altered
GABA neurotransmission. For example, during adoles-
cence, the density of parvalbumin-containing neurons
in monkey prefrontal cortex remains constant, but the
detectability of parvalbumin immunoreactivity in the
axon terminals of chandelier neurons decreases sub-
stantially (15). Since these axon terminals cannot be
identified reliably in postmortem prefrontal cortex, al-
terations in the parvalbumin content of these terminals
in schizophrenia cannot be excluded.

Finally, a previous study failed to reveal a difference
in the density of calretinin-containing prefrontal cortex
local circuit neurons in schizophrenia but did show an
increase in the density of neurons that express calbindin
(16). Together, these findings suggest that abnormali-
ties in GABA neurotransmission in schizophrenia may
be restricted to certain subpopulations of prefrontal
cortex local circuit neurons.
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TABLE 1. Relative Density and Laminar Distribution of Parvalbumin-Immunoreactive Neurons in 15 Matched Pairs of Schizophrenic and
Normal Comparison Subjects

Density
Percentage of Neurons Per Layer

(neurons/mm2) I–III IV V–VI

Brain Area and Subject Group Mean SD Mean SD Mean SD Mean SD

Prefrontal cortex area 46
Comparison subjects  76.8 27.9 52.8  8.1 18.1 5.0 29.2  6.8
Schizophrenic patients  75.7 21.3 52.3  8.5 17.3 5.7 30.3  9.4

Prefrontal cortex area 9
Comparison subjects  60.3 16.4 50.7  6.8 13.4 2.8 35.8  7.8
Schizophrenic patients  61.2 14.6 49.6  9.3 14.8 4.3 35.6 10.5

Occipital area 17
Comparison subjects 200.7 56.0 35.8  6.5 49.3 7.1 14.9  8.2
Schizophrenic patients 188.4 40.3 36.5 10.9 49.9 7.4 13.6  5.9
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