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Bonnie L. Firestein
Department of Cell Biology and Neuroscience, Rutgers University 604 Allison Road, Piscataway,
NJ 08854-8082, USA

Dear Editors,

Brzustowicz and colleagues (2004) identified significant linkage disequilibrium between
schizophrenia and markers within the gene encoding nitric oxide synthase 1 (neuronal; NOS1)
adaptor protein (NOS1AP; also termed carboxyl-terminal PDZ ligand of nNOS or CAPON).
Quantitative real-time PCR (qRT-PCR) analysis of mRNA from human postmortem
dorsolateral prefrontal cortex further revealed that expression of the short isoform of the
NOS1AP gene (NOS1AP-S) is significantly increased in patients with schizophrenia (Xu, et
al., 2005). More recently, the group also identified a functional risk allele within NOS1AP and
showed that this change increased NOS1AP mRNA expression in a cell culture system
(Wratten, et al., 2009). Despite these recent reports establishing linkage between NOS1AP and
schizophrenia, little is known about NOS1AP protein expression in the brains of affected
patients.

Previous reports described two distinct NOS1AP isoforms: full-length NOS1AP-L (10 exons,
~75kD) and NOS1AP-S, a C-terminal specific transcript that encodes only the PDZ domain
(Jaffrey, et al., 1998; Xu, et al., 2005). We have now identified a novel isoform, NOS1AP-
S’ (Figure 1A), in mouse and human tissue using qRT-PCR (data not shown). To evaluate the
expression levels of these three NOS1AP isoforms in human brain tissue, postmortem samples
from Brodmann’s Area (BA) 46, BA11, Medial Temporal Lobe (MTL), Occipital Lobe (OL),
and cerebellum of unaffected patients and those with schizophrenia were obtained from the
Human Brain and Spinal Fluid Resource Center (Los Angeles, CA) and subjected to Western
blotting with normalization to GAPDH or actin, as previously described (Xu, et al., 2005).
Investigators were blinded to all subject information until after statistical analysis. The
logarithms of the normalized values for subjects with schizophrenia and unaffected control
patients within the same brain region were compared using the standard t-test. Correction for
testing of multiple expression levels was made using permutations of case/control labels.
Secondary examination of linear models with other covariates was based on the AICc model
selection criterion (Burnham, 2002). The L (p = 0.0067; reported p-values are nominal), S´ (p
= 0.0082) and S (p = 0.0041) isoforms were increased in BA46 of patients with schizophrenia
(Figure 1B) at a nominal significance level, although only the increase in the S isoform was
significant (p<0.05) under permutation-based multiple testing adjustment. These data are
consistent with previous reports strongly implicating this region in the etiology of
schizophrenia (Barch, 2005; Bunney and Bunney, 2000; Xu, et al., 2005). The L (p = 0.0031),
S (p = 0.0060), and S´ (p = 0.0156) isoforms were decreased in cerebellum of affected
individuals (Figure 1B), although only the decrease of the L isoform was significant under
adjustment. While some reports have indicated that schizophrenia may affect the cerebellum,
the results are not as consistently observed as in other regions, namely the prefrontal cortex
(Avila, et al., 2002; Kapoor, et al., 2006). There were no significant differences in NOS1AP
expression between control and affected patients in BA11, the MTL, or the OL (Figure 1B).
Additional analysis of NOS1AP expression reveals that no significant changes were evident
in BA11, the MTL, or the OL of patients with schizophrenia versus those who are unaffected.
While some studies have reported a role for BA11 in schizophrenia, others find no changes in
expression of NMDA receptor pathway proteins (Toro and Deakin, 2005).

Our data show an alteration of three NOS1AP isoforms in specific regions of the brain for
patients diagnosed with schizophrenia. Initially identified in rat, NOS1AP plays a role in the
inhibition of glutamate neurotransmission via disruption of NOS1 binding to Postsynaptic
Density Protein-95 and -93. This results in uncoupling of NOS1 from the NMDA receptor,

Hadzimichalis et al. Page 2

Schizophr Res. Author manuscript; available in PMC 2011 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



and ultimately, inhibition of receptor function (Brzustowicz, 2008; Jaffrey, et al., 1998; Xu, et
al., 2005). These data suggest a role for NOS1AP in glutamate receptor hypofunction and
manifestation of schizophrenia.
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Figure 1.
(A) NOS1AP isoforms. The intron/exon boundaries and the predicted transcriptional (arrow)
and translational (ATG) start sites for the different NOS1AP isoforms are illustrated. The new
NOS1AP isoform is characterized by a unique 5’ exon and transcriptional start site. The new
short form protein (NOS1AP-S’) is predicted to be ~18kD and is a truncated version of full-
length NOS1AP (NOS1AP-L) but includes a carboxyl-terminal PDZ-binding domain. (B)
NOS1AP expression. Densitometry analysis of postmortem brain tissue samples of BA46
(Ctl=4, Scz=3), cerebellum (Ctl=6, Scz=6), BA11 (Ctl=5, Scz=5), MTL (Ctl=5, Scz=5), and
OL (Ctl=6, Scz=6) from control (n=6) and affected (n=6) individuals diagnosed with
schizophrenia via immunoblotting for all three isoforms of NOS1AP. * p<0.05 (nominal) and
** p<0.01 (nominal). Similar results were drawn from immunoblots normalized to actin (data
not shown).
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