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Letter to the editor

The neurodevelopmental hypothesis (Weinberger, 1987) has a
prominent position in the current thinking about the pathophysiology
of schizophrenia, but despite support from post-mortem neuropathol-
ogy, genetics and animal models, direct in vivo human evidence of is
lacking. Neurogranin is a postsynaptic protein important for
calmodulin-dependent calcium signal transduction and long-term po-
tentiation (LTP) establishment (Diez-Guerra, 2010). Measurement of
this protein in cerebrospinal fluid (CSF) has repeatedly shown increased
levels in Alzheimer's disease in a way that is thought to reflect ongoing
synaptic degeneration. This, since CSF neurogranin correlateswith other
biomarkers of synaptic damage and loss of activity, such as CSF tau, hip-
pocampal atrophy and cortical hypometabolism (Portelius et al., 2015).
We examined CSF neurogranin by Meso Scale Discovery immunoassay
(Portelius et al., 2015) in 40 first episode psychosis (FEP) patients
(mean age 29 ± 7 years, DSM-IV diagnoses) and 20 healthy controls
(mean age 25 ± 4 years) from the Karolinska Schizophrenia Project
(KaSP), an ongoing longitudinal study of FEP patients in Stockholm,
Sweden (Orhan et al., 2018). The study was approved by the Regional
Ethics Committee in Stockholm and conformed to the tenets of the Dec-
laration of Helsinki. All subjects had given their written consent after re-
ceiving written and oral information. Twenty-two patients were
antipsychotic-naive, and the remaining patients had been treated for a
median of 16 days (interquartile range 10). Subjects underwent symp-
tom rating using the Positive and Negative Symptoms Scale symptom
rating scales (PANSS) and cognitive testing using the Measurement
and Treatment Research to Improve Cognition in Schizophrenia Con-
sensus Cognitive Battery (MCCB) (Nuechterlein et al., 2008) (for de-
tailed clinical and demographical information see Supplementary
Table 1). CSF neurogranin was lower in FEP patients (342 pg/mL ±
207) compared to controls (427 pg/mL ± 189, Cohen's d = 0.43), but
this difference was not statistically significant (two-tailed independent
t-test p=0.127) (Fig. 1). Out of the 40 FEP patients 27 were diagnosed
with a schizophrenia spectrum disorder either at baseline or at follow
up. As a group these had slightly lower mean CSF neurogranin
https://doi.org/10.1016/j.schres.2019.01.010
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concentrations (328 pg/mL ± 191) than the entire FEP group, still not
significantly different from the mean in the healthy controls (p =
0.084). Using multiple linear regression, with covariates chosen on cri-
terion of descending effect sizes (see Supplementary Tables 2 and 3),
we found no significant effect of FEP patient or healthy control status
on CSF neurogranin (ß = 0.042, p = 0.766). In the FEP group, there
were significant effects of antipsychotic treatment, associated with
lower levels of CSF neurogranin (ß=−0.323, p=0.040), and smoking,
associated with higher levels (ß = 0.317, p = 0.040). Post-hoc t-test
(two-tailed, independent) of CSF neurogranin between medicated pa-
tients only (n = 18, mean 274 pg/mL, ± = 181) and controls showed
a statistically significant difference (p = 0.015, Cohen's d = 0.83). No
relationships emerged between CSF neurogranin levels and symptom
scores or cognitive measures. Our study, the first in its kind, does not
support altered CSF neurogranin levels as amarker of synaptic degener-
ationwhich is thought to occur at the FEP stage. Notably, neurogranin is
among those synaptic proteins that have been shown to be reduced in
neuropathological samples in schizophrenia (Broadbelt et al., 2006;
Osimo et al., 2018). As for other studies evaluating proteins in CSF as
markers of altered synaptic dynamics in a developmental context, we
believe that a limitation of our study is the lack of regional distinction,
given that CSF-neurogranin likely reflects contribution from the entire
brain (Represa et al., 1990), while both neuronal maturation processes
(Huttenlocher, 1979) and the pathology of FEP and schizophrenia may
show anatomical restriction (Bora et al., 2011). Further, if schizophrenia
origins in the development of the central nervous system, it follows that
CSF evaluation of neurogranin should preferably be performed during
the prodromal phase, before the onset of FEP. Thus, estimation of
neurogranin during the FEP stage, as is the case of the present study,
may not be optimal to evaluate i.e. disturbed synapse dynamics in this
condition. Antipsychotic medicated and unmedicated FEP subjects did
not differ significantly in clinical parameters (Supplementary Table 4)
and although there are inherent limitations in a cross sectional compar-
ison, our results suggests that CSF neurogranin may be altered as a con-
sequence of even minimal exposure to antipsychotic treatment. This is
well in accordance with the known effect of D2 receptor antagonism
on calcium dependent signal transduction (Beaulieu and Gainetdinov,
2011), andmay indicate that CSF neurogranin is a possible secondmes-
senger in dopamine D2 receptor-mediated signaling that also is accessi-
ble for in vivo measurements in humans. Longitudinal clinical and
experimental studies are needed to examine this further. Nevertheless,
this observation suggests that for CSF studies of synaptic dynamics,
markers of presynaptic structures as opposed to postsynaptic are pref-
erable, and that antipsychotic medication appear to be an important
confounder in this line of research. To summarize, the main findings
of the present study is that in FEP patients, levels of the synaptic marker
CSF neurogranin appear unaltered, yet there is a reduction associated
with the use of antipsychotic medication.
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Fig. 1. CSF neurogranin in patients and controls. Values are pg/mL, bars represent mean.
FEP: first episode psychosis, HC = healthy control.
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