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BSTRACT

Background: Entorhinal cortex (ERC), a multimodal sensory relay station for the hippocampus, is critically involved in
learning, emotion, and novelty detection. One of the pathogenetic mechanistic bases in schizophrenia is proposed to
involve aberrant information processing in the ERC. Several studies have looked at cytoarchitectural and morphometric
changes in the ERC, but results have been inconsistent possibly due to the potential confounding effects of antipsychotic
treatment. Materials and Methods In this study, we have examined the entorhinal cortex volume in antipsychotic-naive
schizophrenia patients (n=40; M:F=22:18) in comparison with age, sex, and handedness, matched (as a group) with
healthy subjects (n1=42; M:F=25:17) using a valid method. 3-Tesla MR images with 1-mm sections were used and the data
was analyzed using the SPSS software. Results: Female schizophrenia patients (1.25%0.22 mL) showed significant volume
deficit in the right ERC in comparison with female healthy controls (1.45%=0.34 mL) (F=4.9; P=0.03), after controlling for
the potential confounding effects of intracranial volume. However, male patients did not differ from male controls. The
left ERC volume did not differ between patients and controls. Conclusions: Consistent with the findings of a few earlier
studies we found a reduction in the right ERC volume in patients. However, this was limited to women. Contextually,
our study finding supports the role for ERC deficit in schizophrenia pathogenesis — perhaps mediated through aberrant
novelty detection. Sex-differential observation of ERC volume deficit in schizophrenia needs further studies.
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INTRODUCTION

Schizophrenia is a disorder characterized by significant
abnormalities in cognitive functioning and language,
apart from the presence of delusions and hallucinations.!"!
There is considerable evidence about the involvement
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of medial temporal lobe structures in this condition.!**
The entorhinal cortex (ERC) is an important brain area
located in the medial temporal lobe and is involved in
memory and learning.[** Its position is almost in the
rostral and ventral portion of the S-shaped infolding
of the hippocampal formation corresponding to the
Brodmann area 28 and 34.I7] This area is known to be
an important gateway responsible for the integration of
information between the hippocampus and neocortical
regions!®®); information-processing deficits, perhaps
secondary to aberrant integration, has been reported in
schizophrenia. Hence, it is conceivable that ERC could
be a substrate in the pathophysiology of schizophrenia.
Indeed, there is significant evidence to suggest that
ERC is an important brain region where neuronal
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migrational disturbances have been demonstrated to
occur in schizophrenia, supporting the notion that
developmental abnormalities are a core feature of this
illness.!”! Post-mortem studies suggest an important role
of this critical brain region in schizophrenia revealing
cytoarchitectural changes like lesser neuronal size and
neuronal displacement.!'%!!]

The previous magnetic resonance imaging (MRI)
studies examining the volume of ERC have provided
conflicting results. To date, there have been eight studies
aiming at the volumetric analysis of this structure using
a region of interest (ROI) paradigm. Five studies,!'*">]
including the most recent one,!'® have reported volume
deficit, whereas, three studies!®!'7'8] have found no
volume change compared to the healthy controls. The
interpretation of some of the earlier studies is limited
because of the treatment of patients with psychotropic
medications. In addition, the study that examined
drug-naive subjects had a limited sample size. In
accordance with the background literature implicating
ERC in schizophrenia (as reviewed earlier), especially
due to its relevance in the neurodevelopmental model
of the illness,!'"”’ we hypothesized that antipsychotic
naive schizophrenia patients would have a deficit in
ERC volume in comparison to normal healthy subjects.
Hence, we have aimed to examine the volume of ERC in
alarge sample of antipsychotic naive adult subjects with
schizophrenia compared with matched healthy controls.

MATERIALS AND METHODS

Subjects

Forty patients, who fulfilled the DSM-IV criteria
for schizophrenia, were recruited from the clinical
services of the National Institute of Mental Health and
Neurosciences (India), for the study. The Institute’s
ethics committee approved the study. The structured
clinical interview for DSM-IV disorders!*’! was initially
administered for diagnosing schizophrenia. This
diagnosis was confirmed following an independent
clinical interview by an experienced psychiatrist. Illness
duration and age-at-onset of the first psychotic episode,
as defined by the report of psychotic symptoms, were
assessed using the Interview for the Retrospective
Assessment of the Onset of Schizophrenia.l*!! These
details related to the onset of illness and antipsychotic-
naive status were carefully ascertained by reliable
information obtained from at least one first-degree
relative. None of the patients were ever treated with
any psychotropic medications, including antipsychotics.
Also, none had received electroconvulsive therapy
previously. Psychopathology was assessed using the
Scale for the assessment of positive symptoms (SAPS)

and Scale for the assessment of negative symptoms
(SAPS).122:23]
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Age- and sex-matched (as a group) healthy comparison
subjects (n=42) were recruited via ‘word of mouth’.
Healthy controls (HC) were evaluated in detail to rule
out history suggestive of psychiatric illness and were
also screened using the General Health Questionnaire!**
and comprehensive mental status examination. None of
the control subjects had a family history of psychosis
in any of their first-degree relatives.

All subjects were right-handed as assessed by Annett’s
questionnaire.””l None of the subjects had any
contraindication to magnetic resonance imaging (MRI).
None had any neurological / systemic illness, seizure
disorder, history suggestive of delayed developmental
milestones or history of significant head injury. Neither
the patients nor the controls were in any clinically
significant, nutritionally deprived state. The substance-
use history was carefully ascertained from the subject
with corroboration by at least one first-degree relative.
Patients and controls did not have any current or past
history of alcohol abuse or dependence. None of them
used cannabis, opiates, stimulant or any other illicit drug
of abuse. The female subjects were neither pregnant
nor were within the postpartum period. None of the
subjects had dyskinesia (as assessed using the Abnormal
Involuntary Movements Scalel®®’) or parkinsonism (as
assessed using the Simpson and Angus Scalel®”!). Clinical
assessments and MRI acquisition were performed on the
same day, before starting antipsychotics. After complete
description of the study to the subjects (and caregivers
of patients), a written informed consent was obtained.

Magnetic resonance imaging acquisition

Magnetic Resonance Imaging (MRI) was done using a
Philips 3 Tesla scanner (Achieva, Best, The Netherlands).
A T1-weighted, three-dimensional, structural MRI was
performed (TR=8.1 msec, TE=3.7 msec, nutation
angle=8°, FOV=256 mm, slice thickness 1 mm without
inter-slice gap, NEX=1, matrix=256 X 256), yielding
165 sagittal slices. The images were stored with coded
identification for blinded rating.

Anatomical guideline for entorhinal cortex

The anatomical localization guideline used has been
adapted from Benasconi et al.®® and is described as
follows. The human ERC is located in the rostral half
of the ventromedial temporal lobe and corresponds
to Brodmann’s areas 28 and 34. It covers the
rostral parahippocampal gyrus, extending from
approximately 2 to 3 mm behind the frontotemporal
junction (temporal stem) to the rostral pole of the
lateral geniculate nucleus. The major portion of the
ERC is located within the region of the uncus, and
approximately 50% of it lies ventromedial to the
amygdale. The anterior border of the ERC begins 2 to
3 mm behind the frontotemporal junction (temporal
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stem). The temporal stem was defined as the junction
between the white matter of the temporal lobe and the
white matter underlying the insular cortex. Although
the distance from the stem to the rostral pole may
vary, the variation is approximately 2 mm. Hence,
the anterior-most slice in which the temporal stem
is visible was chosen. Medially, the ERC forms the
surface of gyrus ambiens. The medial limit of the
ERC is marked by the sulcus semiannularis rostrally
and by the uncal cleft caudally. On the MR images,
we have chosen the sulcus semiannularis and the
uncal cleft as the superomedial boundaries. The
sulcus semiannularis has been used as the boundary
separating the amygdala above from the ERC below.
The uncal cleft is used as the border between the
hippocampal head above and the ERC below, when it is
visible. The ERC is bordered laterally by the perirhinal
cortex. The transition between the entorhinal and
perirhinal cortices in humans is not defined by any
gross morphological feature, and takes place at some
point along the medial bank of the collateral sulcus.
The lateral limit of the ERC is at the midpoint of the
medial bank of the collateral sulcus. The posterior
boundary is defined as being lcm caudal to the
beginning of the uncal cleft.

Volumetric method

All measurements were automatically calculated by the
computer using the 3D Slicer software (http:/www.
slicer.org/).?”) The desired structure was outlined and
measured by the rater (ES) using the computer mouse
controlled pointer. The rater was blind to the subjects’
clinical details at the time of brain measurements on the
coded MRI sections. The ERC contours were outlined
in all brains by a single investigator (ES), blind to
group status [Figure 1]. The intracranial volume was
calculated automatically using the Functional Magnetic
Resonance Imaging of the Brain (FMRIB) Software
Library (FSL, http://www.fmrib.ox.ac.ulk/fsl/).

Statistical analysis

The statistical analyses were performed using the
Statistical Package for Social Sciences (version-11)
(SPSS Inc.,). The normality of the data was examined
using the Shapiro-Wilk test, after satisfying which
parametric statistical tests were applied for comparison.
The sociodemographic data were analyzed using the
independent samples t-test and the Chi-Square test.
The Pearson’s correlation analysis was employed
to examine the relationship between the variables
of age, duration of illness, the ERC volumes, and
the clinical severity rating scores. In addition, the
ERC volume differences between schizophrenia
patients and HC were examined using the Analysis of
Covariance (ANCOVA), with intracranial volume as a
covariate.
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RESULTS

The gender distribution (M : F) in the schizophrenia group
and HC group was 22 : 18 and 25 : 17, respectively. The
groups did not differ based on the gender distribution
(x*=0.17, P=0.7) and age (mean=SD) (28.5+6.6
vs. 27.9+7.0, t=0.42, P=0.67). The mean duration
of illness (same as duration of untreated psychosis)
in the schizophrenia group was 30.2+35.2 months
(median=15 months). The mean SANS and SAPS
scores were 69.4+29.6 and 29.4+14.8, respectively.
As shown in Table 1, there were no differences between
the volumes of ERC on either side between the groups
as a whole. However, the female schizophrenia patients
showed a significant volume reduction in the right ERC
in comparison with the female HC (F=4.9, P=0.03),
after controlling for the potential confounding effects
of intracranial volume. However, male patients did not
differ from the male controls. The left ERC volume did
not differ between patients and controls in both the
sexes. Similarly, the asymmetry index (L-R) was also
not different between the groups (F=0.01, P=0.95).

There were no significant correlations between the ERC
volumes on either side with the clinical severity ratings
using SANS and SAPS, duration of illness / duration of
untreated psychosis (DUP), and age. In addition, there
was no difference between male and female patients
with schizophrenia in SAPS (26.0£12.1 vs. 33.5=17.0,
t=1.6, P=0.1) and SANS (73.1£30.4 vs. 64.8+28.8,
t=0.88, P=0.36) scores.

Figure 1: Representative tracings of ERC volume using 3D-slicer
software

Table 1: Comparison of entorhinal cortex volumes
between schizophrenia patients and healthy controls

Structure Schizophrenia Healthy F* P
patients (mL) controls (mL)
(Mean+SD) (mL) (Mean+SD)
Right ERC 1.40+0.36 1.51+£0.37 1.84 0.18
Right ERC of males 1.534+0.51 2.09+0.55 0.02 0.87
Right ERC of females 1.25+0.22 1.45+0.34 4.89 0.03
Left ERC 1.33+0.38 1.43£0.37 1.27 0.26
Left ERC of males 1.46+0.43 1.54+0.40 0.32 0.57
Left ERC of females 1.18+0.23 1.27+0.27 0.77 0.38

ERC - Entorhinal cortex; SD — Standard deviation; *Analysis of covariance
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DISCUSSION

Although ERC has been proposed as an important
brain region of aberration in schizophrenia, it has
received less attention compared to other regions like
the hippocampus. This study examines the volume
of ERC in a relatively large sample of antipsychotic-
naive schizophrenia patients. The main study finding
was that female schizophrenia patients demonstrated
a significant deficit in the right ERC volume in
comparison to female healthy controls.

As described earlier, the ERC has been proposed as
a ‘gateway region’ between limbic structures and the
neocortex. The ERC functions as a critical part of the
elements that form the ‘novelty detection circuit,’
which include the prefrontal cortex, hippocampus,
the parahippocampal region, and the cingulate.!*!
ERC is postulated as a buffer that holds real sensory
information, while the hippocampus compares it with
the internal representation of stimuli, to detect novelty
versus familiarity.*!" Thus, ERC plays a significant role
in processing episodic and autobiographical memory,
and in associative learning.*?33 Aberration in the ERC
is thus conceived as important in the pathophysiology
of schizophrenia, as the aforesaid cognitive impairments
are vital in schizophrenia.l3*3%

Neuropathological abnormalities in ERC point toward
a neurodevelopmental etiology of an illness, as the
changes involve decrease in neuron size, aberrant
invagination of the surface, and disruption of cortical
layers.['%!] Microstructural changes in ERC have been
documented in schizophrenia brains earlier in the study,
which employed structural MRI as well as Diffusion
Tensor Imaging (DTI).!¥) According to this study,
the observed deficits may lead to disturbances in the
perforant path, which is essentially a large entorhinal
efferent fiber tract to the limbic system, resulting in
impairments of cognition. This data on change in
the signal transduction has been further documented
by the evidence of altered expression of specific
microtubule proteins in the ERC of schizophrenia
patients.[*) Chondroitin sulfate proteoglycan—
related abnormalities that involve glial cells and the
extracellular matrix have been detected in the amygdala
and entorhinal cortex of subjects with schizophrenia.*®!
This suggests impairments in mechanisms that regulate
developmental and adult neural functions that are
highly significant to the etiology of schizophrenia. The
above data implies that there is significant pathology in
the ERC, in schizophrenia, which provides information
on its role in the developmental model of the illness
and the associated cognitive changes seen in the illness.

The earlier attempts at examining the volume of the
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entorhinal cortex in schizophrenia brains compared
to HC, using MRI, have yielded mixed results. Three
studies have reported that there is no significant
difference in the ERC between schizophrenia and
HC.®17.18l However, there are five studies, to date, which
have reported ERC volume deficits in schizophrenia.
Joyal et al. detected bilateral ERC volume deficit in
antipsychotic naive subjects in a study with 18 subjects
with schizophrenia.l'?! A similar result was obtained
in another study earlier, which found a specificity
of this finding against bipolar disorder.['*] Bilateral
ERC volume reduction was documented, even though
there was no correlation with the olfactory threshold
and memory function in schizophrenia, in another
study'¥ In a study by Prasad et al., the patients with
schizophrenia and related disorders and patients with
non-schizophrenic psychotic disorders had smaller left
entorhinal cortex volumes than healthy subjects.[""! In
this study, in patients with schizophrenic disorders,
the entorhinal cortex volume positively correlated with
severity of delusions, suggesting that the ERC pathology
could also be responsible for psychopathology of
schizophrenia. More recently, a study with a larger
sample of schizophrenia patients (n=70) reported a
significant decrease in the right ERC volume compared
to HC.') Our study with a good sample size, however,
did not observe ERC volume deficit in schizophrenia
subjects considered as a group compared to HC. The
reason for this difference between our study and the
recent study by Baiano et al. could be due to many
factors. The mean age of the schizophrenia patients
of our sample was 28.5+6.6 years as against the mean
age of Baiano et al’s sample of 39.9+12.1 years.
The subjects in our sample were neuroleptic-naive,
whereas, the Baiano et al. sample had a long duration
of antipsychotic treatment (12.6%+10.6 years). In
addition, the mean duration of illness in our sample
was very short (median of 15 months), whereas, Baiano
et al. had a sample with longer duration of illness
(14.1+10.7 years). Thus, illness duration, antipsychotic
exposure, and age of the subjects could have influenced
the difference between the studies. However, what is
intriguing is that the volume deficit of the right ERC
in schizophrenia patients of the present study sample
is restricted to females. The reason for this sex-specific
volume alteration is unclear. There is evidence for
sexual dimorphism in other limbic structures, like the
amygdale, in schizophrenia.®”! The gender-specific
lateralization in volume difference has been explained
based on gender-specific lateralization of the limbic
structures’ involvement in emotional processing.!*”3¢!
Hence, the ERC volume difference based on sexual
dimorphism in schizophrenia could possibly be
explained on similar lines.

The present study has the advantage of a relatively
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large sample size of neuroleptic naive schizophrenia
patients and a very short duration of illness, thus
avoiding the potential influences of important
confounding variables. In conclusion, the ERC
volume is found to be deficient in schizophrenia
on the right side, and this deficit appears to display
sexual dimorphism. The involvement of ERC as
a substrate in schizophrenia underlines its role as
a relay center between the limbic system and the
cortex. This emphasizes its role in cognitive functions
affected in schizophrenia, like the processing of
emotionally salient information, memory processing,
and associative learning; and thereby in the formation
of psychopathology, like delusions. The sexual
dimorphism in the structure could be related to the
gender-specific lateralization of the limbic structures’
involvement in emotional processing. Future studies
could examine this issue using larger samples, and
both structural and functional imaging paradigms.
In addition, given the importance of ERC in the
developmental model of schizophrenia, it would be
interesting to examine the volume of this structure in
subjects at high risk to develop psychosis.
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