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ABSTRACT - Background and Objectives: Deficits in oligodendrocytes have been consis-
tently reported in the brains of patients with schizophrenia and include alterations in the
clustering pattern of oligodendrocytes. Recently it has been shown that oligodendrocyte
progenitors proliferate in the adult mammalian brain to form oligodendrocyte clusters
(OIC). We previously found a deficit of oligodendrocytes in layer 3 of the inferior parietal
lobule (IPL) in subjects with schizophrenia with poor insight into disorder. We hypothe-
sized that the number of OIC might be reduced in schizophrenia subjects with poor insight.

Methods: Nissl-stained sections from the Stanley “Parietal Collection” from male
schizophrenia subjects (n = 24) that have poor, fair, or good insight into their disorder and
normal matched controls (n = 24) were studied. The numerical density (Nv) of OIC was
estimated in layer 3 of BA 39 and BA 40 by optical disector method.

Results: The Nv of OIC was 23% lower in BA 39 and 30% lower in BA40 in the schizo-
phrenia group compared to the control group (p<0.01). Normal hemispheric differences in
the Nv of OIC in BA 39 were absent in the schizophrenia group. The Nv of OIC was signif-
icantly decreased in BA39 in the subgroup with poor insight and in BA40 in the subgroups
with fair and good insight as compared to controls. In BA40 lower Nv of OIC (-40%,
p<0.01) was found in the subgroup with adolescent onset of disease as compared to controls.

Conclusions: The deficit of OIC may be associated with altered proliferation and/or
maturation of oligodendrocyte progenitors in schizophrenia.
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Introduction

There is increasing evidence from imag-
ing, genetic and postmortem studies for the
involvement of oligodendrocytes in the
pathogenesis of schizophrenia'2. Morpho-
metric studies of postmortem brains of schiz-
ophrenia subjects have consistently found a
reduction in oligodendrocyte density in the
grey and white matter of the prefrontal and
parietal cortex” that includes both perineu-
ronal® and pericapillary® oligodendrocytes.
We have also reported ultrastructural signs of
degeneration of oligodendrocytes in the
schizophrenia brain'®. Moreover, cell cycle
abnormalities and incomplete differentiation
of oligodendrocytes have also been reported
in schizophrenia!!-13,

The adult mammalian brain contains a
ubiquitous population of glial progenitors
that can develop into mature oligodendro-
cytes'*. Oligodendrocytes are readily identi-
fied in Nissl stained sections'®, and they are
situated as individual cells or grouped in small
clusters (2-9 cells) in both the grey and white
matter. Recent experimental data demon-
strated that cell clusters in adult rodent and
primate brain contain oligodendrocyte prog-
enitors at different stages of maturation!*!6-17,
Peters and Sethares'® also reported groups or
rows (clusters) of oligodendrocytes in the
frontal and visual cortices of old-aged mon-
keys and found a strong positive correlation
between the number of oligodendrocytes per
mm? and the percentage of them that were in
clusters. The spatial distribution of oligoden-
drocytes in the white matter of prefrontal,
Brodmann area 9, exhibited a less clustered
arrangement in Nissl stained sections in schiz-
ophrenia*. We hypothesized that the deficits of
oligodendrocytes that have been reported in
schizophrenia may be associated with the re-
duced number of OIC. We recently reported
that the Nv of oligodendrocytes is reduced in

the grey matter of the IPL (layer 3, BA39) in
schizophrenia subjects with poor insight as
compared to controls’. In the present study we
used the same collection of sections to deter-
mine: 1) whether there is a deficit of OIC in
layer 3 of BA39 and BA40 in schizophrenia;
2) whether the Nv of OIC is associated with
the Nv of oligodendrocytes in the IPL in the
control and schizophrenia brains and 3)
whether insight impacts the Nv of OIC.

Material and methods

Samples

Human brain specimens were donated by
the Stanley Medical Research Institute’s
“Parietal Collection”. The samples consisted
of 48 subjects (24 controls and 24 with schiz-
ophrenia). Diagnosis was made according to
DSM-1V criteria. A postmortem assessment
of each person’s awareness of illness (insight)
has been previously described’. The mean
age at the time of death was 44.3 + 9.3 years
for the control group and 39.8 + 10.7 years for
the schizophrenia group. The average post-
mortem interval (PMI) was 24.4 + 10.8 hours
for the control group and 29.1 + 11.6 hours for
the schizophrenia group. Fourteen cases were
from the left hemisphere and 10 cases were
from the right hemisphere. Complete demo-
graphic and clinical data were reported in
the previous paper’.

The brain specimens were coded, and all
cytoarchitectural assessments were done blind
to diagnosis. Tissue was available from one
hemisphere of each brain. The angular gyrus
(BA 39) and the supramarginal gyrus (BA
40) were identified according to macroscopic
landmarks'®. Ten serial sections through the
IPL (one section every 17th) were mounted
on slides and Nissl-stained.
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Stereological analysis

The sublayers of layer 3 (a, b and ¢) in BA
39 and BA 40 were readily identified. The Nv
of OIC was estimated in BA 39 and BA 40 in
each sublayer of layer 3 using an optical di-
sector method!®. The sections were viewed
on a Carl Zeiss Axio Imager M1 microscope
with AxioVision microscope software. Sec-
tion thickness was measured on slides and
ranged from 14-16 um. For each brain, the
mean oligodendrocyte cluster density was
corrected by a z-axis shrinkage factor. Orig-
inal section thickness (60 wm) was divided by
the average final thickness of the sections in
each brain (mean + S.D :15.0 = 1.2 um for
the control group and 14.9 + 2.3 um for the
schizophrenia group).

Prior to the actual analysis, the optimal
parameters for counting box size were deter-
mined. Disector dimensions were x =55 um,
y =55 um, and z = 10 um, with an upper and
lower guard zones = 4 um. Sections were ex-
amined using a 100 x 1.4 oil immersion ob-
jective. Oligodendrocytes were identified by
the presence of a small round or oval nu-
cleus, with relatively dense nuclear staining
(more chromophilic than astroglial nuclei)
and a narrow unstained rim of cytoplasm.
The OIC was identified as pairs and groups of
3-9 oligodendrocytes closely apposed to each
other and seen in 3D space (Fig. 1). 100 fields
were counted per each sublayer of layer 3 per
case.

Figure 1. A photomicrograph of Nissl stained section showing a cluster
of 8 oligodendrocytes. Scale bar = 10 um.
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Statistical analyses

Statistical analysis was performed using
Statistica (Version 7). The data were examined
using the Kolmogorov-Smirnov test for nor-
mality. Correlation analysis was performed to
assess correlations between the parameter
measured and age, PMI, pH, refrigerator in-
terval, brain weight, lifetime antipsychotics,
age at onset and duration of disease. Compar-
isons between diagnostic groups were made
using a two-way MANOVA with the Nv of
OIC in three sublayers of layer 3 as the de-
pendent variables, and diagnosis and hemi-
spheres as the independent variables. A one-
way MANOVA was used to compare the
control group and three schizophrenia in-
sight subgroups (poor, fair and good insight).
MANOVA was followed by post hoc Dun-
can’s test.

Table 1

Results

Numerical density of OIC

We found a decrease in the Nv of OIC in all
sublayers of layer 3 in both BA 39 [22-25%,
F(1,46) 27,5; p<0.01] and BA 40 [25-38%,
F(1,46) > 10.9; p<0.01] in the schizophrenia
group as compared to the control group (Fig.
2). In BA 39, but not in BA 40, the Nv of OIC
in the left hemisphere was greater than in the
right hemisphere in all three sublayers in the
control group (22-27%, p<0.05). The inter-
hemispheric asymmetry was not apparent in
the schizophrenia group in either BA 39 or
BA 40 (Fig. 3). Previously, we estimated the
Nv of oligodendrocytes using the same IPL
sections’. A pearson’s correlation analysis
demonstrated a significant positive correlation
(r 2 0.6, p <0.002) between the Nv of OIC
and the Nv of oligodendrocytes in all sublay-
ers of BA40 in the control group but not in the
schizophrenia group (Table 1).

Correlations between Nv of oligodendrocyte clusters and Nv of oligodendrocytes for three sublayers

of layer 3 in the control and schizophrenia groups

BA 39 BA 40

Sublayer Control group Schizophrenia group Control group Schizophrenia group
(n=24) (n=24) (n=24) (n=24)

3a r=0.17 r=0.14 r=0,6 r=0.39
p=04 p=0.5 p =0.002* p=0.06

3b r=023 r=0.01 r=0.64 r=029
p=03 p=0.96 p =0.0001* p=0.17

3 r=0.03 r=-02 r=0.66 r=0.48
p=09 p=03 p =0.0001* p=0.017*

r and p values for Pearson correlations.

* - significant correlations.
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Figure 2. The numerical density of oligodendrocyte clusters in three sublayers of layer 3 in BA39 and BA40 in the control
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Figure 3. Hemispheric differences in the numerical density of oligodendrocyte clusters in three
sublayers of layer 3 in BA39 in the control group are absent in the schizophrenia group.
Data are given as mean + standard deviation. p-values: * p<0.05, ** p<0.01.
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Potential confounding factors

We found no effects of the confounding
factors (age, PMI, refrigerator interval, brain
weight, brain pH, lifetime antipsychotics) on
the parameter measured in both areas studied.

Effects of insight

There was a significant effect of insight on
the Nv of OIC in both BA39 and BA 40. In
BA 39 the subgroup of subjects having poor

insight had a significantly lower Nv of OIC in
all three sublayers of layer 3 [23-33%, F(3,44)
> 3.0, p<0.05] compared to the control group
(Fig. 4). There were no significant differ-
ences between the three insight subgroups. In
BA40 a decrease in the Nv of OIC was found
in all sublayers of layer 3 in the subgroups
with fair insight (p<0.001) and good insight
(p<0.05) compared to the control group [F
(3,44) 2 5.8, 46-65%, 30-47% respectively].
The subgroup with fair insight differed sig-
nificantly from the subgroup with poor in-
sight (p<0.05 for all sublayers).

10 - BA 39
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OcControls (n=24) & Poor insight (n=10) M Fair insight (n=5) B Good insight (n=9)

BA 40

Figure 4. The numerical density of oligodendrocyte clusters in the control group and in different insight subgroups
in BA39 and BA40. Data are given as mean =+ standard deviation. p-values: * p<0.05, ** p<0.01, *** p<0.001.

Effects of age at onset of disease

The duration of disease was not correlated
with the Nv of OIC in BA 39 and BA 40 (for
all p 2 0.2; r £0.27, Spearman correlation).
However, there was a significant positive cor-
relation between the Nv of OIC and age at on-
set of disease (r = 0.4, p <0.05, Spearman cor-
relation) in BA 40. Therefore we compared

the subgroup of schizophrenia cases with ado-
lescent onset of disease (9-18 y.0., n = 13) to
the subgroup with adult onset of disease (19-
34 y.0., n = 11) and to the control group.
MANOVA showed a significant effect of age
at onset of disease only in BA 40. The para-
meter was decreased significantly only in the
subgroup with adolescent onset of disease [31-
46% for all sublayers of layer 3, F (2,45) > 6.4,
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p< 0.01] compared to the control group (Fig.
5). The subgroup with adult onset of disease
did not differ significantly from the control
group or from the subgroup with adolescent

onset of disease. In BA 39 the Nv of OIC was
reduced significantly in both subgroups as
compared to the control group [22-27% for
all sublayers, F (2,45) = 3.7, p<0.05] (Fig. 5).
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Figure 5. The numerical density of oligodendrocyte clusters in the control group and in
schizophrenia (SCH) subgroups with adolescent and adult onset of disease in BA39 and in BA40.
Data are given as mean + standard deviation. p-values: * p<0.05, ** p<0.01.

Discussion

The present study is a continuation of our
previous study using the same collection of
IPL sections. We reported a reduced Nv of
oligodendrocytes in layer 3 of BA39 but not
of BA40 in schizophrenia’. Here we demon-
strate for the first time a deficit in the clus-
tering of oligodendrocytes in layer 3 in
BA39/40 of the IPL in the schizophrenia
group compared to the control group. A re-
duction in the number of OIC in the grey
matter of the IPL in schizophrenia corrobo-

rates the data of Hof et al.* who showed that
the spatial distribution of oligodendrocytes in
the white matter of prefrontal cortex exhib-
ited a less clustered arrangement in schizo-
phrenia compared to healthy controls.

We also demonstrated that left>right hemi-
spheric asymmetry of the Nv of OIC in BA39
in the control group was absent in the schiz-
ophrenia group. This result is in accordance
with the altered asymmetry of oligodendro-
cyte density that we previously reported in
BA39 in schizophrenia’ This data also sup-
ports the MRI reports that show a reversal of



OLIGODENTROCYTE CLUSTERS IN SCHIZOPHRENIA 255

the left>right IPL asymmetry in first episode®®
and chronic schizophrenia®!-> that appears to
be localized to the angular gyrus?? (see?* for
review). Thus, our results support the hy-
pothesis that schizophrenia is characterized
by abnormal hemispheric asymmetry. Fi-
nally, we show that there is a strong positive
correlation between the Nv oligodendro-
cytes’ and the Nv of OIC in all sublayers of
layer 3 in BA40 in the control group but not
in the schizophrenia group. These data indi-
cate that the Nv of OIC is associated with the
Nv of oligodendrocytes in BA40 in the con-
trol but not in schizophrenia brains.

Pairs and groups of oligodendrocytes have
been described in the primate cortex previ-
ously, and strong positive correlations have
been shown between number of oligoden-
drocytes and the percent of them that are in
pairs and groups'®. It is believed that these
groups are derived from the division of oligo-
dendrocytes progenitors which replenish the
oligodendrocyte population. Recently a pop-
ulation of residual, mitotically competent
oligodendrocyte progenitor cells that express
NG2-antigen have been found in the adult
brain of rodent!*'7-2526_ primate'® and hu-
man?’-?8, These cells are able to renew the
population of mature myelinating oligoden-
drocytes'*. Clonal analysis combined with
BdU injection revealed that mitotic division
of the NG2 cells resulted in the formation of
cell groups (~4 cells) that contained oligo-
dendrocyte precursors'*!7. These cells shared
a common lineage with oligodendrocytes and
resemble oligodendrocytes morphologically
making it difficult to distinguish them from
oligodendrocytes®-0, Taken together, this
accumulated experimental data suggests that
OIC in the human IPL may represent sites of
oligodendrocyte precursor proliferation and
differentiation.

The deficit of OIC that we find in the pre-
sent study may be important for the etiology

of schizophrenia because: 1) a correlation
analysis did not reveal any effects of potential
confounding factors (age, PMI, refrigerator
interval, brain weight, brain pH, life time an-
tipsychotic) on the Nv of OIC; 2) a decrease
in the Nv of OIC was not due to the changes
in laminar thickness, because Smiley et al.3!
using the same IPL collection as used here
did not detect any significant changes in lam-
inar thickness or volume, or in neuronal size
and density in BA39/40 in schizophrenia; 3)
we found an effect of insight and of age at on-
set of disease on the Nv of OIC. Consistent
with our previous data’ we find here that only
the subgroup with poor insight showed a sig-
nificant decrease ~25% in the Nv of OIC in
BA39 compared to the control group. In con-
trast, in BA40 the Nv of OIC was decreased
non-significantly in the subgroup with poor
insight but was significantly lower in the sub-
groups with fair and good insight compared to
the control group. A strong effect of the age
at onset on the Nv of OIC may be a possible
reason for this region discrepancy. In BA40 a
highly significant decrease in the Nv of OIC
was revealed only in the subgroup with early
onset of disease (age 9-18 years). This effect
can mask the effect of insight in BA40: the
subgroup with good insight (9 cases) con-
tained 4 subjects with the earliest onset of dis-
ease (9-14 years) and 2 subjects with onset of
disease at 16 and 17 years. The subgroup
with poor insight (10 cases) contained 6 sub-
jects with age at onset of disease >18 years.

A prominent deficit of OIC in the sub-
group with the early onset of disease may be
a very important finding because early onset
schizophrenia is a particularly severe form of
schizophrenia and adolescence coincides
with a key time point in myelination. The re-
sult is consistent with data from imaging
studies in childhood onset schizophrenia that
have reported a decrease in the volume and
fractional anisotropy of white matter in the
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parietal regions32. Imaging studies have also
linked insight in schizophrenia with impaired
functioning®? and reduced grey matter volume
of the IPL in the schizophrenia patients>. Since
IPL abnormalities have been implicated in
both insight and onset of schizophrenia, it is
likely that the reduced number of OIC de-
tected in the present study may be directly as-
sociated with the disease. Moreover, our
analysis did not reveal any effects of neu-
roleptic medication on the Nv of OIC. In fact
neuroleptics have been shown to stimulate
proliferation and development of oligoden-
drocyte progenitors3*-3® rather than decrease
them. However, oligodendrocyte precursors
are sensitive to environmental stress signals
such as oxidative stress, glutamate-relative ex-
citotoxicity?’ and persistent viral infection®all
of which have been implicated in the eitiology
of schizophrenia. Mature oligodendrocytes
are much less sensitive to these stress signals.

As with most postmortem studies the pre-
sent study has some limitations. First, Nissl
staining is not appropriate method to count
oligodendroglial progenitor cells. Immuno-
histochemical identification should be used to
analyze abnormalities in oligodendroglial
progenitors. Second, the sample sizes for the
insight and onset subgroups are quite small.
And so to more fully define the effects of in-
sight and onset the results will have to be
confirmed in a larger sample.

We hypothesize that the replenishing of
the oligodendrocyte population that is nec-
essary throughout life for normal neural func-
tion may be altered in schizophrenia. This
suggestion supports our previous data show-
ing that the normal age-related increase in the
number of oligodendrocytes in the prefrontal
cortex was absent in schizophrenia®®. These
abnormalities may contribute to more pro-
found abnormalities in the brain of patients
with schizophrenia including abnormal ex-
pression of oligodendrocyte- and myelin-re-

lated genes, of genes that govern oligoden-
drocyte development and function, and of
genes involved in the cell cycles.
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