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Abstract  

The subplate (SP) represents a transitory cytoarchitectural fetal compartment containing 

most subcortical and cortico-cortical afferents, and has a fundamental role in the structural 

development of the healthy adult brain. There is evidence that schizophrenia and autism may be 

determined by developmental defects in the cortex or cortical circuitry during the earliest stages of 

pregnancy. This article provides an overview on fetal SP development, considering its role in 

schizophrenia and autism, as supported by a systematic review of the main databases. The SP has 

been described as a cortical amplifier with a role in the coordination of cortical activity, and 

sensitive growth and migration windows have crucial consequences with respect to cognitive 

functioning. Although there are not enough studies to draw final conclusions, improved knowledge 

of the SP’s role in schizophrenia and autism spectrum disorders may help to elucidate and possibly 

prevent the onset of these two severe disorders. 
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subplate 
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Introduction  

The subplate (SP) is a transient cerebral wall compartment, in which progenitor cells and 

afferents of the thalamus and cerebral areas segregate and grow; it is one of the first zones to 

develop in the human cerebral cortex (Kostović and Jovanov-Milošević, 2008; Marín Padilla, 2014; 

Hoerder-Suabedissen and Molnár, 2015; Ohtaka-Maruyama et al., 2016; Žunić Išasegi et al., 2018). 

Neurons usually migrate from their places of origin to more superficial cortical layers, and start to 

differentiate after migration, with the exception of axonal outgrowth. Interestingly, some neurons 

stop in the preplate or SP, while others enter the cortical plate (CP) (Hadders-Algra, 2018; Scola et 

al., 2018). The initial studies on the SP were carried out by Molliver (1973), Kostovic and Molliver 

(1974) and Kostović and Rakic (1980); they described the SP as rich in fibers but containing few 

cells, and situated at the developing cortical-subcortical interface, between the intermediate zone 

and the cortex (an area visible from the third month of pregnancy). The SP is more represented in 

somatosensorial areas than in visual ones, reaching the major development at the end of the third 

trimester (peak at 30 weeks) (Kostović and Rakic, 1990). After this period, the SP decreases in 

thickness due to the movement of ascending thalamo-cortical axons to the CP (Molliver et al., 

1973), and undergoes several additional modifications throughout the first year of life (Jovanov 

Milošević et al., 2014; Kostović et al., 2014). Between-species  comparison  revealed that the SP 

has grown during mammalian evolution; in the human fetus, this growth is due to augmentation 

with cortico-cortical fibers (Kostović and Rakic, 1990; Marín Padilla, 2001; Kerschensteiner, 

2014). The SP survives longer in regions subjacent to associatied cortices containing cortico-

cortical and callosal connections (Kostović and Rakic, 1990).  

The SP has been defined as a pacemaker for the maturation of cortical circuitry subserving 

cognitive development (Luhmann et al., 2009; Luhmann et al., 2016). Indeed, it has three major 

functions: (1) receiving corticothalamic and intracortical afferents (McConnell et al., 1989; 

Allendoerfer and Shatz, 1994); (2) acting as a ‘waiting room’ for afferents from the thalamus, 

contralateral and ipsilateral hemispheres, basal forebrain, and monoaminergic brainstem nuclei 

(Kostović et al., 2011); and (3) supporting cognitive processes as a pacemaker for maturation of the 

cerebral cortex (Kostović and Judaš, 2006; Luhmann et al., 2009). Moreover, the SP has been 

involved in fetal behavior, such as general movements’ activity (Hadders-Algra, 2007) and precise 

adjustments to cortical connectivity (Allendoerfer and Shatz, 1994). The SP neurons contain 

glutamatergic and GABAergic interstitial white matter neurons (IWMNs) (Kostović and Rakic, 

1990; Kostović et al., 2011) that, in the postnatal human brain, stay at the cortical/white matter 

interface as SP remnant, functioning as auxiliary interneurons and gating cortical input (Kostović 

and Rakic, 1980; Suárez-Solá et al., 2009; Judaš et al., 2010a; Judaš et al., 2010b).  
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The morphological organization of the SP has been investigated in major psychiatric 

disorders, including schizophrenia and autism spectrum disorders (ASDs) (Akbarian et al., 1993a; 

Akbarian et al., 1993b; Akbarian et al., 1996; Anderson et al., 1996; Kirkpatrick et al., 1999; 

Eastwood and Harrison, 2003; Kirkpatrick et al., 2003; Rioux et al., 2003; Eastwood and Harrison 

2005; Eastwood and Harrison 2006; Hutsler et al., 2007; Avino and Hutsler, 2010; Yang et al., 

2011).  Neuroimaging studies have been conducted using structural in vitro magnetic resonance 

imaging (MRI) (Kostović and Judaš, 2002; Kostović and Judaš, 2006; Kostović and Jovanov-

Milošević, 2008; Kostović and Vasung, 2009; Wright et al., 2014; Vasung et al., 2016). Evidence 

from available studies suggests that schizophrenia and ASDs are determined by alterations in the 

early SP synaptic circuitry due to genetic load (Harkin et al., 2017). Abnormal neuronal migration 

and myelination usually occur during the earliest stages of pregnancy, a crucial period for 

determining correct functioning of the neural circuitry and cortical growth (Molliver et al. 1973; 

Kostović et al., 2011). Indeed, a migration perturbation or apoptosis in the SP can alter normal 

cortical connections (Jones, 1995; Rakic, 2006). Moreover, the second trimester of pregnancy has 

been considered the "window period of vulnerability", during which several factors can produce 

alterations in cortical development (Bunney et al., 1997), as the transient fetal SP zone is more 

susceptible to pathogenetic insult (Katz and Shatz, 1996; López-Bendito and Mólnar, 2003; 

Kostović and Judaš, 2007; Luhmann et al., 2009; Kanold and Luhmann, 2010; Luhmann et al., 

2016).  

Given the importance of the SP during the perinatal period, the aim of this review is to give 

a perspective on its development and elucidate its role in schizophrenia and ASDs. 

 

Methods 

In order to provide an updated overview, a search in main databases (Pubmed, ISIWEB of 

Knowledge, PsycINFO) was performed. Suitable articles were sourced from a comprehensive 

literature search and from references identified through other studies. Keywords were “subplate” 

matched with “schizophrenia”, “autism”, “fetal brain”, “adolescence”, “child development”, 

“magnetic resonance imaging”, “diffusion tensor imaging”, “early cortical circuits”, “psychiatric 

disorders”, and “childhood”. Studies were excluded if they included animals or patients with 

diagnoses different from schizophrenia or autism in order to better focus on the impact of the SP on 

adult development in autism and schizophrenia. 

 This review covers findings from 1980 to December 2018, with the majority of papers 

reviewed being published prior to 2011. After applying the inclusion and exclusion criteria, a total 

of 147 papers were included in the review. 
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The subplate and brain development  

Human brain development and maturation are complex events characterized by cellular 

proliferation, migration, and network formation (Molliver et. al., 1973; Toga et al., 2006; Mailath-

Pokorny et al., 2012). Fetal cerebral lamination and its different developmental stages have been 

explored histologically with postmortem in vitro studies and morphologically with MRI and 

diffusion tensor imaging (DTI) investigations, which allow the investigation of specific changes in 

the prenatal brain at different gestational ages (Zhan et al., 2013; Scola et al., 2018). Histological 

studies showed that during radial migration, cerebral axonal connections develop in each cerebral 

area; during the midgestation phase in particular, the development of transitional structures, 

including the SP, is aimed at controlling axonal proliferation and cellular migration (Kostović and 

Jovanov-Milošević, 2006; Kostović and Jovanov-Milošević, 2008; Scott et al., 2011). In the SP 

zone, synaptogenesis occurs (Kostović and Rakic, 1980; Bourgeois et al., 1989; Zecevic et al., 

1989; Kostović and Rakic, 1990; Zecevic and Rakic, 1991; Rakic et al., 1994) and long cortical 

pathways expand (Kostović and Judaš, 2002; Kostović and Judaš, 2007; Kostović and Judaš, 2010). 

Kostović and Jovanov-Milošević (2006) compared histological versus MRI data on fetal 

development, subdividing laminar organization from 20 weeks to 45 weeks into four phases: fetal 

phase (<24 weeks), early preterm (24–32 weeks), late preterm (33–35 weeks), and neonatal phase 

(>35 weeks). With regard to the SP, the authors reported that thalamo-cortical afferents grew 

outside the CP during the fetal phase, whereas these fibers penetrate the CP during the early preterm 

phase (synchronous with lamination). During the late preterm phase, long cortico-cortical and 

callosal fibers grew and the SP reached its maximum extension (45% of the telencephalic volume), 

four times thicker than the CP (De Graaf-Peters and Hadders-Algra, 2006). The neonatal phase is 

characterized by a reorganization of cortical circuitry, with axonal arborization of the CP and 

growth of the short cortico-cortical connections. The SP gradually decreases in size through 

programmed cell death, although it continues to differentiate and participate in endogenous circuitry 

facilitating functional interactions of cortico-cortical fibers in the frontal and associative cortices 

(the last cortices to mature permanently), and then disappearing during adulthood (Kostović and 

Jovanov-Milošević, 2006; Perkins et al., 2008; Kerschensteiner, 2014; Kostović et al., 2014; Krsnik 

et al., 2017). Similarly (and consistent with histological studies), a retrospective study evaluating 

the sonographic appearance of laminar organization at 17–38 weeks of gestation reported that the 

SP disappears after 34 weeks (Pugash et al., 2012).  

Longitudinal pre- and post-natal imaging studies have been applied to delineate 

physiological changes in the SP over time (Figure 1) (Kostović et al., 2002,; Radoš et al., 2006; 
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Kostović et al., 2014; Vasung et al., 2016). Nossin-Manor and colleagues (2015) described the 

relation between microstructural changes and maturational processes using magnetization transfer 

imaging (MTI). This technique is sensitive to the concentration of semisolids in tissues, and showed 

changes in lamination pattern during gestation that were not visible on structural MR images after 

28 gestational weeks  (Figure 2) (Glenn, 2009; Scola et al., 2018). This finding corroborates 

previous histological and MRI data supporting the application of multimodal MRI in the assessment 

of brain evolution. A recent MRI in vivo study reported that the 20–week fetal period is 

characterized by the reinforcement of both intra- and inter-hemispheric macro-connectivity (Jakab 

et al., 2014). In particular, the authors reported augmented connectivity between 21–38 weeks, with 

a peak in inter-hemispheric connectivity between 26–29 weeks. Moreover, another MRI 

investigation performed to quantify cortical growth in utero between 21–38 weeks in healthy 

subjects showed rapid growth in the parietal and temporal cortices compared with slow 

development of the frontal and temporal medial areas (Wright et al., 2014). In contrast, a post 

mortem study using high angular resolution DTI on human brains (17–40 weeks) showed an initial 

regression of radial organization, with intracerebral connectivity evolving sequentially from dorsal-

posterior brain areas in the antero-ventral direction and ending in the inferior temporal/frontal lobes 

(Takahashi et al., 2012).  

 Moreover, several strands of evidence have shown that normal SP maturation is necessary 

in order to have correct connectivity between cortical and subcortical areas (Kostović and Rakic, 

1990; Meyer et al., 2000; Kostović and Judaš, 2006; Kostović and Judaš, 2007; Kostović et al., 

2015; Vasung et al., 2016; González-Arnay et al., 2017; Žunić Išasegi et al., 2018). Indeed, various 

injuries (e.g., perinatal and obstetric complications, such as preterm birth) can lead to alterations in 

the periventricular white matter and SP, areas more vulnerable to hypoxic/ischemic lesions (Volpe, 

2009a;  Polo-Kantola et al., 2014; Laurens et al., 2015; Buoli et al., 2016; Millar et al., 2017; Žunić 

Išasegi et al., 2018). This vulnerability could be due to the high metabolic energy required by the SP 

to reach its developmental peak (McQuillen and Ferriero, 2005; Perkins et al., 2008; Marret et al., 

2013). In this regard, an interesting follow-up study reported a significant association between birth 

weight and cognitive functions: patients with low birth weight had less inhibitory control and 

reduced surface area of the orbitofrontal cortex and caudate nucleus compared to patients with 

normal birth weight (Schlotz et al., 2014). Similarly, two studies in preterm brains conducted by the 

same group, showed that the presence of altered structural connections between selective cortical 

and subcortical regions were associated with functional impairments in information flow, rule 

learning, verbal IQ and memory deficits (Hadders-Algra, 2007; Karolis et al., 2016; Nosarti and 

Froudist-Walsh, 2016). Moreover, abnormal gray matter found in these subjects might be due to SP 
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dysfunction damaging efferent motor connections in periventricular white matter. Indeed, prenatal 

lesions, stress, and pain seem to influence development of the emotional fronto-limbic circuitry 

(Anand and Hickey, 1987; Fitzgerald, 2005; Lee et al., 2005; Slater et al., 2006). This can alter the 

number of SP neurons during the perinatal period, which in turn is a causal factor in schizophrenia 

(or at least, for a subgroup of schizophrenics with deficiency syndrome) (Kostović et al., 2015).  

In conclusion, SP physiological development, cellular migration, and apoptosis, beyond 

other maturation processes, seem to be fundamental for a mature and correct pediatric cognitive, 

behavioral and emotional growth (Volpe, 2009b; Kostović et al., 2011). Studying grey and white 

matter quality in pregnancy and childhood represents a good tool to investigate the evolution of the 

nervous system, given the key role of gray/white matter augmentation and plasticity in 

mentalization, flexibility, and the pediatric development of cognitive abilities, representing a 

possible prevention tool (Hüppi, 2010; Studholme, 2015; Thomason et al., 2015). 

 

The subplate and schizophrenia 

Schizophrenia is a neurodevelopmental disorder characterized by altered connectivity in the 

cerebral white matter (Weinberger, 1987; Eastwood and Harrison, 2003; Schmitt et al., 2011), that 

could result from aberrant connections or alterations in synaptic plasticity during development, or to 

the persistence of SP neurons (Stephan et al., 2009; Schmitt et al., 2011; Corradi-Dell’Acqua et al., 

2012; Kostović et al., 2015). Leading causes of the altered connections observed in schizophrenia 

could include alterations in cerebral cortical development, pathological migration of SP neurons 

(also through the SP), the establishment/refinement of cortical connections, or programmed cell 

death (Stolp et al., 2012). In particular, in adolescents and adults with schizophrenia, numerous SP 

neurons survive in the superficial white matter as so-called interstitial neurons, possibly altering 

input gating (Chun and Shatz, 1989; Judaš et al., 2010a; Judaš et al., 2010b; Kostović et al., 2011).  

IWMNs are thought to represent the few adult SP remnants (Chun and Shatz, 1989; 

Allendoerfer and Shatz, 1994; Kanold et al., 2003). Changes in their density/distribution have been 

reported in several brain regions in schizophrenia (Akbarian et al., 1993a; Akbarian et al., 1993b; 

Akbarian et al., 1996; Anderson et al., 1996; Kirkpatrick et al., 1999; Eastwood and Harrison, 2003; 

Kirkpatrick et al., 2003; Rioux et al., 2003; McQuillen and Ferriero, 2005; Kostović et al., 2011). In 

particular, IWMNs seem to cause the inhibition of augmented prefrontal cortical neurons, 

potentially altering the limbic input "gating" with altered connections between prefrontal cortex and 

limbic areas (Kostović and Molliver, 1974; Kostović and Jovanov-Milošević, 2008; Perkins et al., 

2008; Kostović and Judaš, 2010; Kostović et al., 2011; O'Donoghue et al., 2015).  
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Specifically, Kostović and colleagues (2011) proposed that schizophrenic individuals have 

increased GABAergic interstitial neurons at the cortical/white matter interface, where limbic and 

afferent pathways penetrate the prefrontal cortex. The strategic location of IWMNs appears to cause 

significant inhibition of the prefrontal cortical neurons (Kostović et al., 2011), as inhibitory 

dysfunction of the prefrontal cortex is one pathogenetic hypothesis of schizophrenia (Lewis et al., 

2005). Moreover, the density of IWMNs seems to be greater in patients with negative symptoms 

(Kirkpatrick et al., 1999; Kirkpatrick et al., 2003).  

Regarding dopaminergic neuronal systems in the forebrain, which are implicated in 

schizophrenia, Unis (1993) found that specific and saturable dopamine receptor antagonists 

stratified in the SP between the CP and the intermediate zone are already present at gestational 

week 17. Altogether, these findings seem to confirm the evidence reported by Weinberger in 1987 

suggesting that prefronto-limbic dysconnectivity might sustain the emotion/decision processing 

failure observed in schizophrenic individuals during adolescence and young adulthood. 

 

In order to identify the role of IWMNs in schizophrenia, different studies have evaluated 

their density and distribution using immunohistochemical methods, based on the antigen-antibody 

conjugation principle, in addition with detection systems (enzymatic, fluorescent) that render the 

reaction visible under a microscope. Different molecular markers have been identified, including 

the neuronal nuclear antigen (NeuN), a marker of mature neurons (Mullen et al., 1992; Sarnat et al., 

1998), and the monoclonal antibody anti-microtuble associated protein 2 (MAP2), which is 

involved in microtubule assembly (an essential step in neurogenesis) (Dehmelt and Halpain, 2005).  

Studies by Eastwood and Harrison that used NeuN as immunomarker reported increased 

IWMN density (Eastwood and Harrison, 2003), particularly in the dorsolateral prefrontal cortex 

(DPFC)  (Eastwood and Harrison, 2005) in patients with schizophrenia; no changes have been 

detected in deep white matter. Similarly, always using NeuN as an immunomarker, Yang and 

colleagues (2011) reported increased IWMN density in DPFC white matter. This study provided the 

first evidence of a correlation between increased IWMN density and gray matter interneuron deficit, 

suggesting that the migration of interneurons from white matter to the cortex might be altered in 

schizophrenia. Other studies quantified the density and distribution of MAP2-expressing neurons; a 

post mortem study by Anderson and colleagues (1996) reported greater density in the prefrontal 

superficial white matter in schizophrenics compared to controls. This finding might reflect a 

premature arrest of SP neuron migration or an abnormality in apoptosis. Similarly, Rioux and 

colleagues (2003) used a monoclonal antibody against MAP2 to label IWMNs, reporting altered 

migration of IWMNs in the anterior parahippocampal gyrus instead of their normal positions in the 

CP and their survival in this ectopic position in individuals suffering from schizophrenia.  
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Moreover, IWMNs seem to reduce the mRNA expression of reelin, a secretory protease that 

has a major role in neurodevelopmental plasticity, in schizophrenia (Eastwood and Harrison, 2006). 

Reelin reportedly contributes to the synaptic pathology of schizophrenia, particularly regarding 

GABA-ergic and glutamatergic transmission within the hippocampal-DLPFC network (Harrison, 

1999; Rice and Curran, 2001; Fatemi, 2005; Eastwood and Harrison, 2006; Ishii et al., 2016).  

In conclusion, both neuroimaging and clinical studies support the conception of 

schizophrenia as a neurodevelopmental disorder (Murray and Lewis, 1987; Fatemi and Folsom, 

2009; Andreasen, 2010; Gupta and Kulhara, 2010; Owen et al., 2011). Developmental defects 

leading to schizophrenia might include defects in cerebral cortical development that are due, at least 

in part, to alterations in the SP, specifically with respect to the density and/or distribution of 

IWMNs. 

 

 

The Subplate and autism 

Autism and ASDs are neurodevelopmental and lifelong disorders featuring onset of 

symptoms within the first 3 years of life (Brambilla et al., 2004; Matson et al., 2016). Autism and 

ASD are characterized by altered cortical developmental trajectory and connectivity, as reported in 

several studies (Bailey et al., 1998; Casanova et al., 2002; Brambilla et al., 2003; Geschwind and 

Levitt, 2007; Hutsler et al., 2007; Hutsler and Zhang, 2010; Calderoni et al., 2016; Crippa et al., 

2016; Hutsler and Casanova, 2016). A potential role for the SP in autism has been outlined, but has 

been only partially explored. 

In ASDs, the boundary between gray/white matter is not clearly delineated (Courchesne and 

Pierce, 2005; Geschwind and Levitt, 2007; Geschwind, 2009). It has been hypothesized that this 

inability to distinguish the transition zone between gray and white matter in individuals with ASDs 

may be driven by the presence of supernumerary SP neurons (Avino and Hutsler, 2010; Kemper, 

2010).  

An excess of neuronal cell bodies within the SP in autistic subjects has been a major finding 

(Hutsler and Casanova, 2016). Indeed, this condition might be related to neuronal overproduction, 

reduced apoptosis, or problems with radial/tangential migration (Hutsler and Casanova, 2016). 

Although processes underlying these changes have not been identified, some authors have 

suggested that altered migration may have an important role due to the retention of transient SP 

neurons within the subcortical white matter (Bauman and Kemper, 1985; Courchesne, 1988; 

Kemper, 1988; Chun and Shatz, 1989; Piven et al., 1990; Avino and Hutsler, 2010; Kemper, 2010). 

Moreover, cell pattern modifications and layer constitution, identified in ASD subjects through the 

detection of reelin and serotonin, have been involved in ASD etiopathogenesis (Fatemi et al., 2002; 
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Zhang et al., 2002; Janusonis et al., 2004; Fatemi et al., 2005; Skaar et al., 2005; Serajee et al., 

2006).  

Furthermore, with regard to cortical thickness, a post mortem study by Hutsler et al. (2007) 

reported similar cortical thickness values between ASD and control subjects. On the other hand, 

increased brain volumes have been reported in different ASD studies (Piven et al., 1995; Piven et 

al., 1996; Courchesne et al., 2001; Cody et al., 2002; Courchesne et al., 2003). However, the 

boundary between cortex and white matter is sometimes indistinct in ASD; thus, MRI measures 

might overestimate cortical thickness due to a lower border (Hutsler et al., 2007; Hutsler and Avino, 

2013). Therefore, as recently underlined by Hutsler and Casanova (2016), studies of cortical 

development in the context of ASD could link microanatomical circuitry and atypical ASD 

behaviors, permitting the application of targeted interventions very early in life.  

Similarly to schizophrenia, the role of the SP in autism is actually under-explored; although 

some hypotheses describe it as a “cortical amplifier” with altered coordination of cortical activity 

(Hutsler et al., 2007; Avino and Hutsler, 2010), there are too few studies to draw clear conclusions. 

 

The SP displays several functions during fetal gestation, including correct radial and 

tangential thalamocortical and corticothalamic migration to the CP, which previous studies have 

shown may play a role in the pathogenesis of major psychiatric disorders. SP neurons are involved 

in short cortico-cortical connections until the second postnatal year, with axonal, synaptic, and 

dendritic branch reorganization in response to environment. Therefore, these modifications have 

crucial consequences regarding the development of language, cognition, and self-awareness, 

particularly regarding the social interaction of an infant with their environment (Kostović et al., 

2014; Kostović et al., 2015). In this context, longitudinal pre- and postnatal imaging studies may 

make it possible to describe and quantify changes in the SP zone over time. In particular, recent 

articles have proposed to evaluate retrospective imaging studies in relation to diagnoses made in 

early childhood in order to identify atypical developmental pathways and SP maturation (Nossin-

Manor et al., 2015; Hutsler and Casanova, 2016). Improved knowledge of the impact of the SP in 

schizophrenia and ASDs would help to elucidate and possibly prevent or reduce the onset of these 

two severe disorders (Judaš et al., 2013).  

In conclusion, the availability of molecular, genetic, and neuroimaging techniques could 

bring forth new insights on the role of the SP, allowing early interventions and possibly diminishing 

the impact of SP development on brain maturation. As already shown in preterm neonates, it is 

important to emphasize how subtle cognitive disabilities caused by neurodevelopmental defects 
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(e.g., decreased brain surface area) usually appear at school age, but might be be visible earlier with 

neuroimaging studies (Ajayi-Obe et al., 2000; Kapellou et al., 2006; Perkins et al., 2008).  

Schizophrenia and autism disorders have heterogeneous etiologies, different clinical and 

neurobiological presentations. Neuroimaging studies, performed in the early stages of life (e.g., 

fetal MRI) (Triulzi et al., 2011), might help in the future to identify specific patients subgroups with 

particular altered brain patterns and clinical needs.  
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FIGURE 1 SCHEMATIC DIAGRAM ILLUSTRATING NEOCORTICAL DEVELOPMENT 

MAJOR STAGES [ADAPTED FROM KIRISCHUK ET AL., 2017] 
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FIGURE 2 FETAL MRI IN VIVO AND POST-MORTEM. PHYSIOLOGICAL SP CHANGES, 

AT 22 WEEKS OF GESTATION (MAXIMUM EXTENSION) AND AT 28 WEEKS OF 

GESTATION (SP NO LONGER IDENTIFIABLE FROM THE UNDERLYING 

INTERMEDIATE ZONE). SP SIGNAL INTENSITY CHANGE ON MRI PRECEDES THE 

DATE OF DISSOLUTION OF THE SP ZONE BASED ON HISTOLOGICAL STUDIES.  
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Table 1. SP and Schizophrenia 

 

Author, year Sample Methods / 

Knowledges 

Neuronal 

stain
 a
 

Conclusions 

Akbarian et al., 

1993 

5 schizophrenic and 5 

control subjects 

Prefrontal cortex 

WM characterized 

by histochemical 

study 

NAPDH Findings are consistent with a SP 

disturbance during development with 

compromised programmed cell 

death. 

Akbarian et al., 

1996 

20 schizophrenic 

patients and 20 

matched control 

subjects 

WM middle 

frontal gyrus  

characterized by 

histochemical 

study 

NAPDH, 

MAP2  

Nicotinamide adenine dinucleotide 

phosphate-diaphorase neurons were 

reduced in superficial WM and 

showed variable densities in deeper 

WM. 

Anderson et al., 

1996 

5 schizophrenics and 

5 matched control 

subjects 

prefrontal WM 

 

Immunoreactivity 

MAP2 The mean density of MAP2-

immunoreactive neurons was greater 

in the superficial WM of  

schizophrenic subjects compared to 

matched controls.  

Kirkpatrick et al., 

1999 

9 schizophrenia 

subjects (3 deficit and 

6 nondeficit) and 9 

matched control 

subjects 

IWMN density 

inferior parietal 

cortex compared 

in schizophrenia 

subjects and 

matched controls  

 

Immunoreactivity 

MAP2 IWMN density was significantly 

greater in the deficit syndrome 

subjects compared to other groups. 

Eastwood and 

Harrison, 2003 

12 subjects with 

schizophrenia and 14 

control subjects 

Abnormal 

distribution of 

neurons in 

superior temporal 

cortex. 

 

Immunoreactivity 

NeuN IWMNs distribution and density was 

increased in the superficial WM in 

schizophrenia. 

Kirkpatrick et al., 

2003 

3 subjects with deficit 

schizophrenia, 4 

subjects with 

nondeficit 

schizophrenia and 5 

control subjects  

Postmortem tissue 

from the 

dorsolateral 

prefrontal cortex. 

 

Immunoreactivity   

MAP2 The deficit group differed 

significantly from the other two 

groups. 
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Rioux et al., 2003 41 schizophrenics and 

15 control subjects 

IWMN in the 

anterior region of 

the 

parahippocampal 

gyrus, gray 

matter/WM 

boundary  

MAP2 The number of IWMN decreased 

with increasing WM depth in both 

groups, but significantly more 

slowly in the schizophrenia group. 

IWMN located deeper in WM in 

schizophrenics 

Eastwood and  

Harrison, 2005 

11 schizophrenics and 

12 control subjects 

IWMN density in 

the dorsolateral 

prefrontal cortex 

and 

parahippocampal 

gyrus. 

NeuN IWMN density was found to be 

increased in schizophrenia in the 

superficial dorsolateral prefrontal 

cortex WM. 

Eastwood and  

Harrison, 2006 

13 schizophrenics and 

12 control subjects 

reelin mRNA in 

the hippocampal 

formation and 

dorsolateral 

prefrontal cortex. 

reelin 

mRNA 

IWMN contribute to the reduction in 

reelin mRNA in schizophrenia.  

Yang et al., 2011 29 schizophrenics and 

37 control subjects 

IWMN densities 

determined in the 

dorsolateral 

prefrontal cortex  

NeuN, SST IWMNs density is increased in 

superficial WM in schizophrenia, 

gray matter interneuron deficit 

Legend: WM: white matter; IWMN: interstitial white matter neurons  
a 
NeuN: anti-neuronal nuclei; MAP2: anti-microtuble associated protein 2; NAPDH: nicotinamide–

adenine dinucleotide phosphate-diaphorase; SST: somatostatin 
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Table 2. SP and Autism 
 

Author, year 
Sample 

Methods / Knowledges Results 

Hutsler et al., 2007 

16 postmortem ASD 

individuals and 16 age-

matched control subjects 
MRI evaluate total cortical 

thickness, and histological 

samples evaluate the pattern 

of cortical layering. 

 Qualitative examination 

revealed evidence of cell 

clustering and 

supernumerary cells in 

layer I and the SP in 

ASD. 

Avino and Hutsler, 2010 

8 ASD and 8 control 

subjects 
Digital photomicrographs of 

the gray-white matter 

boundary  

 Supernumerary neurons 

presence in cortical plate 

could be the result of 

migration deficits or 

failed apoptosis in the 

SP region. 

Legend: MRI: Magnetic resonance imaging; ASD: autism spectrum disorders 
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Highlights  

 

 Subplate (SP) represents a transitory cytoarchitectonic fetal compartment 

 SP critical maturation period is between the 15th till 24th weeks after conception 

 SP is visible with Diffusion Tensor Imaging (DTI) and Magnetic Resonance Imaging (MRI) 

 Fetal SP neurons surviving in postnatal period are visible in schizophrenia/autism with MRI 

 SP residual may alter cortical activity, ultimately affecting cognition  
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