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Changes in density of
calcium-binding-protein-immunoreactive
GABAergic neurons in prefrontal cortex in
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There is evidence that GABAergic neurotransmission is
altered in mental disorders such as schizophrenia (SCZ)
and bipolar disorder (BPD). The calcium-binding proteins
(CBPs) calbindin (CB), calretinin (CR), and parvalbumin
(PV) are used as markers of specific subpopulations of
cortical GABAergic interneurons. We examined the post-
mortem prefrontal cortical region (Brodmann’s area 9) of
patients with SCZ and BPD, and of age-matched control
subjects, excluding suicide cases. The laminar density of
neurons immunoreactive (IR) for three CBPs, namely CB,
CR, and PV, was quantificd. The densitics of CB-IR
neurons in layer 2 and PV-IR neurons in layer 4 in the SCZ
subjects decreased compared with those in the control sub-
jects. When CBP-IR neurons were classified according to

their size, a reduction in the density of medium CB-IR
" neurons in layer 2 in SCZ subjects and an increase in the
density of large CR-IR neurons in layer 2 in BPD subjects
were observed. These results suggest that alterations in
specific GABAergic neurons are present in mental disor-
ders, and that such alterations may reflect the vulnerability
toward the disorders.

Key words: bipolar disorder, calbindin, calretinin, parval-
bumin, schizophrenia.
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INTRODUCTION

GABAergic neurons provide both inhibitory and disinhibi-
tory modulation of cortical and hippocampal circuits and
contribute to the generation of oscillatory rhythms,
discriminative information processing and the gating of
sensory information within the corticolimbic system. In
previous studices, it was suggested that these functions are
altered in schizophrenic (SCZ) subjects.” GABAergic
function also contributes to the control of impulsive and
aggressive behaviors, and drugs such as carbamazepine,
valproate, and lithium carbonate, which have been
reported to change the levels of GABA and glutamic acid
decarboxylase (GAD) activity,*” have been used as mood
stabilizers in the treatment of bipolar disorder (BPD) to
reduce impulsive and aggressive behaviors. These drugs
have also been used as adjunct therapy to antipsychotics in
the treatment of SCZ.#" In these reports, it was suggested
that GABAcrgic ncurotransmission is altered in mental
disorders such as SCZ and BPD.

In the prefrontal cortex (PFC) of SCZ subjects, a
reduced number of neurons expressing the mRNA for the
67-kDa isoform of GAD,""? and a high density of GABA,
receptor subunits'*!* have been reported, whereas in the
anterior cingulate cortex (ACC) of SCZ subjects, an
increased number of GABA 4 receptors,” and increases in
the size of GADgs-immunoreactive (IR) terminals'® are
indicated. The high-intensity immunoreactivity of GABAA
receptor subunits'** in PFC and a reduction in the density
of GADgs-IR terminals in PFC and ACC" have been also
described in BPD subjects. These findings suggest that
there is a specific deficit in GABAergic inhibitory neurons
in these disorders.



Cortical GABAergic cells can be categorized by the
colocalization of neuropeptides, including somatostatin,
cholecystokinin, neuropeptide Y, and vasoactive intestinal
polypeptide.'™” Somatostatin, neuropeptide Y, vasoactive
intestinal polypeptide and cholecystokinin concentrations
are reduced in SCZ subjects,” and neuropeptide Y mRNA
expression is reduced in BPD subjects. %

GABAergic neurons can also be classified by the pres-
ence of the calcium-binding proteins (CBPs) parvalbumin
(PV), calbindin (CB), and calretinin (CR).»* CB, PV and
CR are present in non-pyramidal GABAergic neurons,
which participate in various primate cortical circuits that
- may differ depending on the species, cortical area and
layer in which they are located. CR is found in double-
bouquet neurons, bipolar cells and Cajal-Retzius cells, CB
is found in neurogliaform neurons and double-bouquet
cells, and PV is found in chandelier and wide arbor
{(baskct) ncurons, and cach calcium-binding protein is
expressed in separate populations of prefrontal cortical
neurons. >

Previous studies in which these CBPs were used as
markers of GABAergic neurons in the prefrontal cortex
did not show consistent results: a trend towards increases
in the densities of CR-IR and PV-IR neurons;” reductions
in the densities of CB-IR neurons®?’ and PV-IR neurons in
the PFC of SCZ subjects;®* and no changes in the density
of CR-IR** or PV-IR* neurons. Similarly, a decrease in
the density of CB-IR neurons® and no change in CBP-IR
neuron density™ were also found in the PFC of BPD sub-
jects. However, in most of these studies, SCZ and BPD
subjects including suicide subjects were examined; control
subjects were not suicidal. Moreover, the number of
reports on CBP-IR neurons in the postmortem brain of
BPD subjects is still small.

Therefore, the following questions arise. (i) If these
studies excluded suicide subjects, would there be any alter-
ations in density and distribution of CBP-IR neurons in
subjects with these disorders? (ii) Are there consistent
changes in the postmortem tissuc of subjeccts with BPD?

T Sakai et al.

(iii) If the CBP-IR neurons are classified according to size,
are there alterations in the cellular distribution in the PFC
in subjects with these disorders?

To address these points, we quantified the densities of
interneurons immunoreactive for PV, CB, and CR in the
prefrontal cortical region of subjects with SCZ and BPD,
and of age-matched control subjects, excluding suicide
subjects.

METHODS AND MATERIALS

Participants

Human brain specimens from Brodmann's area 9 (BA9)
were obtained from the Tokyo Institute of Psychiatry and
Matsuzawa Hospital (Tokyo, Japan). The samples were
obtained from 19 subjects (5 control, 7 SCZ, and 5 BPD
subjects). Diagnoses were made according to DSM-IV cri-
teria. Detailed case summaries were provided with demo-
graphic and clinical information (see Table 1 for group
summary details). Subjects with a past history of neurologi-
cal discases and thosc whosc death was caused by suicide
were excluded. This study was approved by the Ethical
Committee of Tokyo Metropolitan Matsuzawa Hospital,
and the specimens were provided with the consent of the
patients before death or of the family.

Immunocytochemistry

Hemispheres were fixed in 10% formalin and cut in frontal
sections of roughly 1 cm thickness. The slices were embed-
ded in paraffin. From these embedded blocks, serial
sections of 4 um thickness were prepared.

Three tissue sections per subject were used in each of
the three investigations. Deparaffinized sections were incu-
bated with either polyclonal anti-CB (1:100 Sigma, St
Louis, MO, US), polyclonal anti-CR (1:1000 Sigma), or
polyclonal anti-PV (1 : 800 Abcam, Cambridge, UK) anti-
bodics overnight at 4°C. Scctions werc processed using the

Table1 Group summaries of demographic and clinical information on the brains donated by the Tokyo Institute of Psychiatry and

Matsuzawa Hospital

Variable Group
Control BPD SCZ
Demographics
Age at death in years (mean 1 SD) 56.8+5.81 54.6 1 9.86 47.4 £ 7.63
Gender (male : female) 2:3 1:4 3:4
Clinical factors
Cause of death 3a,2b 4a,1d 2a,1c, 34, 1le
Duration of disorder in years {mean * SD) — 21.0+£ 183 29.0 +7.02
Past alcohol/drug abuse or dependence (no: yes) 4:1 5:0 6:1

The cause of death is categorized under the following headings: a, heart and respiratory failure; b, liver failure; ¢, renal failure; d, cancer; and e,

thyroid crisis. BPD, bipolar disorder, SCZ, schizophrenia.
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