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Disrupted-In-Schizophrenia 1 (DISCT) was identified as the sole
gene whose ORF is truncated and cosegregates with major mental
ilinesses in a Scottish family. DISCT has also been suggested, by
association and linkage studies, to be a susceptibility gene for
schizophrenia (SZ) in independent populations. However, no anal-
ysis of DISC1 protein in human brains, especially those of patients
with SZ, has yet been conducted. Here we performed a biochemical
analysis of DISC1 protein in a well characterized set of autopsied
brains, including brains of patients with SZ, bipolar disorder, and
major depression (MD), as well as normal control brains. We
identified an isoform of DISC1 by using MS and demonstrated that
it is enriched in the nucleus of Hela cells. In the orbitofrontal
cortex, the subcellular distribution of this DISC1 isoform, assessed
by the nuclear to cytoplasmic ratio in the immunoreactivity of the
isoform, is significantly changed in brains from patients with SZ
and MD. This altered distribution is also observed in those subjects
with substance and alcohol abuse. The changes in MD brains are
significantly influenced by substance/alcohol abuse as well as
postmortem interval; however, the alteration in SZ brains is free
from brain-associated confounding factors, although an interac-
tion with substance/alcohol abuse cannot be completely ruled out.
These results suggest that DISC1 may be implicated in psychiatric
conditions in other populations than the unique Scottish family.
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S chizophrenia (SZ) is believed to result from the interaction of
environmental factors with genetic vulnerability (1, 2). The
Disrupted-In-Schizophrenia 1 (DISCI) gene was originally identified
as the sole disrupted gene with an ORF that cosegregated with SZ
in a Scottish family (3, 4). In the Scottish family, patients with other
major psychiatric illnesses, including bipolar affective disorder and
recurrent major depression, have also been identified (3, 5). Genetic
association and linkage studies have also suggested that DISC1 may
be implicated in SZ in independent populations (6-9).

Roles for the DISC1 protein still remain to be elucidated. Yeast
two-hybrid assays by our group and others disclose several proteins
that interact with DISC1, including proteins associated with the
microtubular components, especially the centrosome, the synaptic
scaffold, and the actin cytoskeleton (10-13). Immunofluorescent
cell staining reveals cell type-specific and context-dependent sub-
cellular distribution of DISCI1, including centrosomal enrichment in
COS-7 cells and differentiating PC12 cells (12, 13), as well as
mitochondrial staining in HeLa cells (14). DISC1 contains evolu-
tionally well conserved nuclear localization signals in the ORF (15),
suggesting its possible role in the nucleus. Furthermore, two distinct
banding patterns of DISC1 have been observed in rodent brains by
Western blotting (10, 12, 16). Thus, DISC1 may be a multifunctional
protein localized in several subcellular pools, possibly due to a
variety of isoforms with different subcellular distributions.

Here we report the protein expression of DISCI1 in autopsied
human brains, especially brains from patients with major mental
illnesses. Changes in the subcellular distribution of a form of
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DISC1, which represent increases in its nuclear pool, are observed
in the orbitofrontal cortex from patients with SZ and major
depression (MD). This altered distribution is also observed in
subjects with substance and alcohol abuse. The changes in patients
with MD in our study are significantly influenced by substance/
alcohol abuse as well as postmortem interval (PMI).

Materials and Methods

Brains. Human postmortem orbital cortices (Brodmann area 45)
from normal controls (NORM) as well as patients with SZ, bipolar
disorder (BP), and MD were obtained from the Stanley Founda-
tion Brain Collection (Bethesda), which distributes postmortem
brain tissue from individuals with major mental illnesses as well
as from unaffected controls to researchers without charge (www.
stanleyresearch.org/programs/brain_collection.asp). The speci-
mens are collected by medical examiners. Permission of the next of
kin is obtained in all cases. The blocks of the orbitofrontal cortex
were taken from the lateral margin of the orbital gyri, and the gray
matter was dissected manually from the white matter with a sharp
blade. Each group had 15 subjects. The demographic, clinical, and
storage characteristics for the cases have been already published
(17). Each diagnostic group is maximally matched according to
several parameters, including age at death, gender, PMI, brain pH,
brain weight, and storage days, and we reassessed the differences
among the groups in the present study (Table 4, which is published
as supporting information on the PNAS web site).

Chemicals. All reagents were purchased from Sigma except as
indicated. Protein concentrations were determined by using the
bicinchoninic acid protein assay kit (Pierce).

Antibodies. Preparation of an immunopurified anti-DISC1 antibody
was described in ref. 12. In brief, the antibodies were raised against
a portion of DISC1 [601-854 (C2)] tagged to glutathione S-
transferase. The dilutions of antibodies used in this study were as
follows: DISC1-C2, 1:250; histone H1 (Santa Cruz Biotechnology),
1:100; polyADP polymerase (PARP) (BD Biosciences Pharmin-
gen), 1:250; PSD95 (Zymed), 1:500; y-tubulin (Sigma), 1:10,000;
a-tubulin (Sigma), 1:4,000; cytochrome ¢ oxidase (Molecular
Probes), 1:50; and GAPDH (18), 1:2,000.

Ms. HeLa cells were lysed in RIPA buffer (150 mM NaCl/10 mM
TrisHC, pH 7.5/1% Nonidet P-40/0.1% SDS/0.5% sodium de-
oxycholate) containing a protease inhibitor mixture (Complete)
(Roche Applied Sciences, Indianapolis). The solubilized proteins
were subjected to immunoprecipitation as described in ref. 19 by
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using anti-DISC1-C2 antibody (12), and the precipitated proteins
were subjected to SDS/PAGE. The major band of DISC1 at 75-85
kDa was visualized by Coomassie staining. Gel-purified DISCI at
75-85 kDa was tryptic digested and analyzed by MALDI-TOF MS
(Voyager DE-STR, Applied Biosystems) in the MS facility at The
Johns Hopkins University School of Medicine. Peptide mass was
analyzed by using the programs PEPTIDE MASS (http://au.expasy.
org/tools/peptide-mass.html) and MS-DIGEST (http://prospector.
ucsf.edu/ucsfhtml4.0/msdigest.htm).

Subcellular Fractionation. A classic method of subcellular fraction-
ation was used for autopsied human brains and HeLa cells (20,
21). Inbrief, 0.1 g of tissues or cells were homogenized in ice-cold
buffer (50 mM Tris'HCI, pH 7.4/150 mM NacCl) plus protease
inhibitors (Complete) by using a motor-driven Teflon homog-
enizer. The homogenates containing equal amounts of protein
were centrifuged at 800 X g for 10 min at 4°C to obtain a crude
nuclear pellet (P) and postnuclear supernatant (S).

For further analysis of nuclear fractions, we used a standard
protocol to enrich for transcription factors with minor modifica-
tions (22, 23). Cell homogenates from HelLa and SH-SY5Y cells
were lysed in buffer A (10 mM Hepes, pH 7.9/1.5 mM MgCl,/10
mM KCI/1 mM DTT) plus protease inhibitors (Complete) were
centrifuged at 2,300 X g for 2 min at 4°C. The pellet was resus-
pended in buffer A containing 0.1% Nonidet P-40, centrifuged at
1,500 X g, and the cytoplasmic supernatant was collected. The
pellet was resuspended in buffer C (20 mM Hepes/25% glycerol/
420 mM NaCl/1.5 mM MgCl,/1 mM DTT) with protease inhib-
itors (Complete) were centrifuged at 16,000 X g for 15 min at 4°C.
The final supernatant fraction is considered to be a nuclear fraction
with enriched in transcription factors (22, 23).

Western Blotting. A standard protocol described in ref. 24 was
used with minor modifications. Proteins were separated by
using Novex Tris-Glycine gel (Invitrogen) and transferred onto
a polyvinylidene difluoride membrane (Millipore). The same
amounts of proteins based on the protein concentration of
each sample (12.5 ug) were loaded in the lanes. To confirm
equal loading, Western signals of a constant expression
marker, GAPDH, were used. To standardize variability among
gels/membranes (nine gels were needed to evaluate 60 brain
samples because eight lanes were available per gel), one
common sample was loaded for all nine gels. The same amount
of proteins from the P and S fractions from the same subject
were run in the same gels/membranes, and the ratio of the
immunoreactivity from the P to the S fraction was measured.
For Western blotting, nonspecific binding was blocked with 5%
fat-free milk in PBS containing 0.1% Tween 20. The blots were
then incubated with primary antibodies overnight at 4°C. For
detection of both monoclonal and polyclonal antibodies, ap-
propriate peroxidase-conjugated secondary antibodies were
used in conjunction with enhanced chemiluminescence (Am-
ersham Pharmacia Biosciences) to obtain images saved on
film. The signals were quantitatively evaluated by using NTH
IMAGE software.

Statistical Analysis. Statistical analysis was carried out by using
STATVIEW computer software (version 5.0 for Macintosh; Abacus
Concepts, Berkeley, CA). One-way ANOVA was used for initial
assessment of the P:S ratio of the DISC1 immunoreactivity among
disease and control groups. When a significant difference was
obtained, post hoc comparison with the Bonferroni-Dunn test was
used to identify the specific group differences. The effects of clinical
and brain-associated confounding factors on the P:S ratio of the
DISC1 signal were examined by using the unpaired ¢ test, or
ANOVA for categorical variables, as well as Pearson’s correlation
coefficients for continuous variables. Furthermore, analysis of
covariance was used to analyze possible effects of several confound-

1188 | www.pnas.org/cgi/doi/10.1073/pnas.0406543102

(kDa)
98 »
-
64 »
Human HeLa  SH-SY5Y
brain

Fig. 1. Characterization of human DISC1 protein. Western blotting of
human autopsied brains, HeLa cells, and SH-SY5Y cells with an anti-DISC1
antibody (C2) is shown. DISC1 is expressed in two distinct bands at 95-100 kDa
and 70-85 kDa in human brains. The signal from 70 to 85 kDa is subdivided
into three categories: a major band in the middle at 75-85 kDa occurs in all of
the samples with an additional upper signal in HeLa cells and a minor lower
signal in HelLa cells and human brains. Similar results were obtained with
antibodies from K. Millar and T. Katayama (N.S. and A.S., unpublished data).

ing factors on the P:S ratio by using diagnostic group as the
independent factor and continuous variables as covariates. Two-
factor factorial ANOVA was used to examine the effects of
diagnostic groups and substance or alcohol abuse on the P: S ratio,
respectively, and their interactions. When a significant difference
was obtained, post hoc comparison with Scheffé test was used to
identify specific group differences. Probability values (P values) <
0.05 were considered to be statistically significant. All values were
described as means and SD.

Results

DISC1 Protein in Human Autopsied Brains. Protein expression of
DISCI in human autopsied brains was analyzed by Western
blotting and compared with that in human cell lines of HeLa and
SH-SYSY cells (Fig. 1). DISC1 is expressed in two distinct bands
at 95-100 kDa and 70-85 kDa in human brains, which resembles
the profiles in rodent brains previously reported by our group
and others (10, 12, 16). Similar to rodent brains, the signal at
70-85 kDa is much more intense than that at 95-100 kDa. In
contrast, the molecular identity of the 70- to 85-kDa signal still
remained elusive.

The signal from 70 to 85 kDa is subdivided into three
categories (Figs. 1 and 2). A major band in the middle at 75-85
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Fig.2. Apool of DISC1inthe nucleus. (a) DISC1in the crude nucleus obtained
by a classic method. In human autopsied brains, the DISC1signal at 95-100 kDa
is exclusively enriched in the S, but the signal at 75-85 kDa occurs in both the
P and S fractions. (b) DISC1 in a fraction enriched with nuclear transcription
factors. In HelLa cells and SH-SY5Y cells, the major band at 75-85 kDa focused
on in the present study is distributed in both the nuclear fraction (N) and the
cytosolic fraction (C). a-Tubulin and polyADP polymerase are used for cytosolic
and nuclear markers, respectively.
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Table 1. MS profile of the 75- to 85-kDa signal

Mass, m/z Position Exon Peptide sequence
833.53 85-91 2 QCGLDSR
1,060.32 102-112 2 SAAAPTVTSVR
871.45 124-131 2 GGTRLPDR
1,088.30 455-462 5 RDWLLQEK
644.66 463-467 5-6 QQLQK

The 75- to 85-kDa protein was enriched by immunoprecipitation with an
anti-DISC1-C2 antibody and analyzed by MS. The peptide fragments contain
the sequences of DISC1.

kDa occurs in human brains, HelLa, and SH-SY5Y cells. An
upper signal is observed in HeLa cells and a minor lower signal
in HeLa cells and human brains. In the present study, we focused
our analyses on the major signal at 75-85 kDa. To characterize
the 75- to 85-kDa signal directly, we used HeLa cell extracts with
protein chemistry that combined immunoprecipitation and MS.
We found five independent fragments that were derived from
DISC1 sequences from the profiles of MS (Table 1). No signal
corresponding to DISC1 was obtained when we used preimmune
sera for the immunoprecipitation (data not shown).

Nuclear Enrichment of a Form of DISC1. Previous reports have
suggested that DISC1 may have more than one subcellular pool
(10, 12-14). DISCI1 contains evolutionally well conserved nu-
clear localization signals in the ORF (15), suggesting its potential
role in the nucleus. Thus, we conducted subcellular fraction-
ation, paying particular attention to its possible nuclear pool.

A classic method of subcellular fractionation (20, 21) was used
for an initial estimation. In human autopsied brains, the DISC1
signal at 95-100 kDa is exclusively enriched in S, but the signal
at 75-85 kDa occurs in both the P and S fractions (Fig. 2a). We
further characterized the S and P fractions from human autop-
sied brains by a variety of organelle markers (Fig. 5, which is
published as supporting information on the PNAS web site). The
markers for cytoplasm, mitochondria, and postsynaptic density
occur almost exclusively in the S fraction. In contrast, histone H1
is exclusively enriched in the P fraction. y-tubulin is recovered
almost equally in the S and P fractions. In conclusion, the P
fraction is an enriched nuclear fraction with some contamination
from the centrosome. These results suggest that a form(s) of
DISC1 at 75-85 kDa may exist in the nucleus.

To obtain further information about nuclear DISC1, we used
an established protocol for enrichment of nuclear transcription
factors (22, 23). In HeLa and SH-SYS5Y cells, substantial en-
richment of a form(s) of DISC1 at 75-85 kDa was observed in
the nuclear fractions (Fig. 2b).

Aberrant Subcellular Distribution of DISC1 in Brains from Patients with
Major Mental Illnesses. To analyze the disposition of DISC1 in
human brains, especially in brains from patients with psychi-
atric conditions, we used the well characterized brain sets from
the Stanley Foundation Brain Collection (17). The brain set
contains four groups of brains from 15 NORM subjects, 15
patients with SZ, 15 patients with BP, and 15 patients with MD.
We chose the orbitofrontal cortex for analyses in the present
study because of preferential expression of DISCI in the
forebrains, including the cerebral cortex and the olfactory
bulbs (10, 12, 25), and the availability of sufficient amounts of
frozen brain materials for biochemical assays.

First, we assessed the levels of DISC1 protein in total brain
homogenates by the immunoreactivity in Western blotting by
using an anti-DISC1 antibody (C2). No significant differences
in the immunoreactivity of 75- to 85-kDa DISC1 among four
groups were observed (P = 0.2409; one-way ANOVA) (Fig.
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Fig. 3. Immunoreactivity of DISC1 at 75-85 kDa in the total tissue extracts.
(a) No change in the level of DISC1 in the total homogenates among brains
from patients with SZ, BP, and MD as well as NORM brains. Relative ratios to
the intensity of the band from one control sample were plotted. Each symbol
represents the data from individual samples. Means = SD are shown. (b) The
immunoreactivity of GAPDH, a constant expression marker, shows no differ-
ence in the levels among four groups.

3a). Equal protein loading was confirmed by the immunore-
activity of GAPDH (Fig. 3b). Each signal was measured inside
a linear range between protein amount and immunoreactivity
(Fig. 6a, which is published as supporting information on the
PNAS web site). The specificity of the DISC1 signal at 75-85
kDa from human brains is confirmed by absorption experi-
ments (Fig. 6b).

Second, we focused on subcellular distribution of DISC1 in these
brains (Fig. 4). To evaluate semiquantitatively the fraction of
DISC1 in the crude nucleus, we examined the signal ratio of DISC1
at 75-85 kDa from the P fraction compared with the S fraction (the
P:S ratio) in the subcellular fractionation that was characterized
above (Figs. 2a and 5). Of interest, a significant difference in the P:S
ratio is observed among the four groups (P = 0.0398; one-way
ANOVA). Post hoc comparison by using the Bonferroni-Dunn test
reveals that the P:S ratios in SZ and MD groups are significantly
increased in comparison with that of the NORM group (P = 0.018
and 0.0091, respectively) (Fig. 4b). The increase in BP is not
statistically significant (P = 0.0779).

In this brain set from the Stanley foundation, several
confounding factors associated with brains, such as PMI, brain
pH, and storage days, are maximally standardized (ref. 17 and
Table 4). When all 60 brains together are analyzed as one
group by Pearson’s correlation coefficients, the P:S ratio is not
influenced by age at sample collection, PMI, brain pH, lifetime
neuroleptics (fluphenazine equivalent), brain weight, and stor-
age days of frozen brains (Fig. 7, which is published as
supporting information on the PNAS web site). We further
performed analysis of covariance to detect possible influences
of these factors to diagnostic group. Significant interaction
with diagnostic group was found in PMI (P = 0.0041) but not
in all other factors we tested. For each diagnosis group, a
significant effect is found only in MD together with PMI (P =
0.0080) but is not found in SZ and BP (Table 5, which is
published as supporting information on the PNAS web site).
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Fig. 4. Aberrant subcellular distribution of DISC1 in patient brains with SZ
and MD. (a) Representative Western blot of DISC1 in the P and S fractions.
Subcellular distribution of DISC1 in human brains was analyzed, which was
further characterized in Figs. 2a and 5. (b) The signal ratio of DISC1 from the
P to the S fraction (the P:S ratio) is increased in patient brains with SZ and MD
groups (*, P=0.018; and **, P = 0.0091, respectively). Each symbol represents
the data from individual samples. Means + SD are shown.

Influence of Substance and Alcohol Abuse on Subcellular Distribution
of DISC1 in Autopsied Brains. The P:S ratio is also associated with the
severity of substance and alcohol abuse (P = 0.0006 and 0.0179,
respectively) (Table 2). There is a clear correlation of the increase
in the P:S ratio with the extent of substance or alcohol abuse (Table
2). To explore how the extent of abuse and each disease diagnosis
influences the P:S ratio, we divided each diagnostic group into two,
based on the extent of abuse (substance or alcohol), and used
two-factor factorial ANOVA (diagnostic group X abuse) for anal-
yses (Table 3). Effects of substance abuse and disease diagnosis
themselves, as well as their interaction, are significant (P = 0.0067,
0.0071, and 0.0056, respectively). In the case of alcohol, effects of
abuse and disease diagnosis are significantly observed (P = 0.0104

and 0.0078, respectively), but their interaction is just suggestive (P =
0.0568). Further post hoc comparisons reveal that the increase of
P:S in MD groups with moderate/heavy abuse in comparison with
those with none/little abuse contributes to the significant changes.

Discussion

The present study provides two major findings. First, we directly
identify a shorter form of DISC1 by MS and find that it is
enriched in the nucleus. Second, we report that the subcellular
distribution of the isoform is altered in the orbitofrontal cortex
from patients with SZ and MD from the Stanley Foundation
Brain Collection. Further analyses considering several con-
founding factors lead to the conclusion that (i) the extent of
substance and alcohol abuse, but not smoking, influences the P:S
ratio; (if) the effects of substance abuse appear to interact with
the effects of disease; (iii) the alteration in MD brains may not
be conclusive because of the effects of PMI and abuse; and (iv)
the alteration in SZ brains is free from brain-associated con-
founding factors and may be attributed to the disease effect,
although an interaction with substance/alcohol abuse cannot be
completely ruled out. Genetic studies have suggested the im-
portance of DISCI in SZ (3-8), but direct evidence that there
are abnormalities of DISCI in “sporadic” SZ has been lacking.
This biochemical analyses with patient brains provide suggestive
evidence in support of hypothesis that aberrant subcellular
distribution of DISC1 may occur in brains of patients with
sporadic SZ.

Biochemical analyses of rodent brains have revealed that there
are two distinct sets of signals in Western blotting with anti-
DISC1 antibodies (10, 12, 16). The first set at 95-100 kDa is
regarded as containing the translated products of 854 and/or 832
amino acids from the known ORF of DISC1 with the difference
due to alternative splicing sites in exon 11. The second set,
corresponding to the size between 70 and 85 kDa with a more
intense signal, has been an enigma. Approaches to characterize
DISC1 isoforms at nucleotide levels have not been successful
because the appearance of minor isoforms amplified by PCR,
which may not exist in substantial amounts at the protein level
(L. Bord and A.S., unpublished work) (12, 14, 26). To our
knowledge, our data from MS provides the evidence that the 75-
to 85-kDa signal(s) is attributed to DISC1 and corresponds to an
isoform(s) including exons 2 and 5.

Subcellular fractionation suggests an increase in the ratio of the
crude nuclear fraction (P fraction) to the postnuclear cytosolic

Table 2. Effect of gender, hemisphere, presence of psychosis, smoking, substance abuse, and alcohol abuse on

the P:S ratio

Parameter Groups P:S ratio, mean = SD P value Statistical technique

Gender Male (n = 36) 0.939 = 0.317 0.4440 Unpaired t test
Female (n = 24) 1.002 + 0.297

Hemisphere Right (n = 27) 0.867 * 0.260 0.0255* Unpaired t test
Left (n = 33) 1.044 + 0.325

Psychosis With (n = 26) 1.021 = 0.246 0.2126 Unpaired t test
Without (n = 34) 0.920 + 0.246

Smoking at time of death No (n = 17) 1.008 = 0.219 0.2242 Unpaired t test
Yes (n = 22) 0.904 + 0.286

Severity of substance abuse None/little (n = 43) 0.894 + 0.235 0.0006" One-way ANOVA
Moderate (n = 8) 0.948 + 0.281
Heavy (n = 9) 1.311 = 0.423%8

Severity of alcohol abuse None/little (n = 13) 0.878 + 0.241 0.01797 One-way ANOVA
Moderate (n = 12) 0.983 = 0.309
Heavy (n = 12) 1.161 = 0.391!

The P:S ratio of DISC1 is significantly associated with the severity of substance and alcohol abuse (t, P = 0.0006; and 1, P = 0.0179,
respectively). Slight differences in the ratios are found between right and left hemispheres (indicated as *). The P:S ratio is given by
mean * SD. ¥, P < 0.001; §, P < 0.05; and ||, P < 0.05; is a comparison between heavy and none/little (substance), heavy and moderate

(substance), as well as heavy and none/little (alcohol), respectively.

1190 | www.pnas.org/cgi/doi/10.1073/pnas.0406543102
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Table 3. Effects of substance and alcohol abuse on P:S ratio in each diagnostic group

Type of abuse Diagnostic group NORM (n) SZ (n) BP (n) MD (n)

Substance None/little 0.769 + 0.191 (14) 1.032 += 0.206 (10) 0.914 + 0.186 (7) 0.914 = 0.277 (12)
Moderate/heavy 0.900 (1) 1.054 + 0.299 (5) 1.020 + 0.350 (8) 1.683 = 0.341* (3)

Alcohol None/little 0.760 = 0.207 (11) 1.030 = 0.206 (9) 0.846 = 0.144 (5) 0.887 + 0.289 (12)
Moderate/heavy 0.827 + 0.127 (4) 1.053 + 0.283 (6) 0.994 + 0.311(9) 1.430 = 0.436** (3)

The significant effects of abuse, diagnosis, and their interactions are observed. Effect of substance abuse, P = 0.0067; effect of
diagnosis, P = 0.0071; interaction, P = 0.0056, by two factor-factorial ANOVA. *, P < 0.01 compared with none/little of MD on Scheffé
post hoc test. Effect of alcohol abuse, P = 0.0104; effect of diagnosis, P = 0.0078; interaction, P = 0.0568; by two factor-factorial ANOVA.
**, P < 0.01 compared with none/little of MD on Scheffé post hoc test.

fraction (S fraction) of DISC1 from brains of patients with SZ or
those with substance abuse. The P fraction excludes marker pro-
teins from the cytosol, the mitochondria, and the postsynaptic
density (Fig. 5). The microtubules are recovered in both cytosolic
and centrosome fractions, both of which are not enriched in the P
fractions. In contrast, histone H1, a nuclear protein, is exclusively
enriched in the P fraction. We suggest that the increase in the ratio
of P to S fractions reflects the increase of DISCI in the nucleus.
Consistent with this finding, our independent study of human
autopsy brains by immunoelectron microscopy indicates the nucleus
to be one of the main subcellular components that enrich DISCL.!
James et al. (14) showed enrichment of DISC1 in the P2 mitochon-
drial fractions of U373 MG glioblastoma cells. Differences in the
subcellular distribution of DISC1 may be explained by cell-type
specificity. Emphasis on cytoplasmic staining of DISCI1 in their
paper, although DISC1 puncta within the nuclear region were
observed (14), may be accounted by the fact that nuclear protein is
not so efficiently stained in normal fixative, such as 4% parafor-
maldehyde, owing to the high probability of hidden epitopes inside
the nuclear matrix.

Provided that this interpretation is correct, there must be a
way to explain the increase in the nuclear pool of DISCI1
without alteration of its total DISC1 in brains from patients
with SZ and/or abuse. The increase in the nuclear pool may
imply the decrease of other DISC1 pools, such as that with the
microtubule-associated cytoskeleton. This result is in accor-
dance with the finding that loss of DISC1 function in micro-
tubular dynamics is associated with pathology in animal brains
similar to that observed in brains of patients with SZ (A.
Kamiya and A.S.; unpublished data). Alternatively, the in-
crease of the nuclear pool by itself may play a role in a
gain-of-function fashion in the pathophysiology of SZ. The
role of nuclear DISCI is unknown, but DISC1 may be involved
in aberrant gene transcription possibly related to its neurode-
velopmental and synaptic functions.

The brain set used in the present study has been examined by
many groups, with significant molecular changes in brains of

HKirkpatrick, B. &Sawa, A., Society for Neuroscience 33rd Annual Meeting, Nov. 8-12, 2003,
New Orleans.
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