
 

Amygdala changes in male patients with
schizophrenia and bipolar disorder
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A) CpG site where the structure and methylation of the SERT gene were
analyzed. Transcription is performed from right to left in the figure, and
5-HTTLPR polymorphism exists in the promoter (transcription initiation)
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region. Boxes indicate exon regions, black indicates a part that does not encode a
protein, and white indicates an exon region that encodes a protein. Credit:
Professor Kazuya Iwamoto

Researchers at Kumamoto University, Japan have revealed that DNA
methylation occurs in the gene that codes serotonin transporter (SERT),
a protein that regulates neurotransmitter transmission, in schizophrenia
and bipolar patients. Particularly prominent in males and patients with
certain genetic polymorphisms, this methylation is inversely correlated
with volume of the amygdala in the brain. This work is expected to lead
to a better understanding of the pathophysiology of schizophrenia and
bipolar disorder. It may also help to develop therapeutic agents and
diagnostic/therapeutic markers that target epigenetic conditions.

Schizophrenia and bipolar disorder are serious mental illnesses that
affect approximately 1% of the population and require long-term
treatment. Past epidemiological studies suggest that onset involves a
complex interplay of genetic and environmental factors, but no
definitive genetic factors have been identified yet.

SERT regulates the concentration of the neurotransmitter serotonin
within the gap between neurons where neurotransmitters are exchanged
(the synaptic cleft). It is considered to be deeply involved with mental
illnesses, and drugs targeting the protein are widely used as treatments
for depression and anxiety disorders. In particular, a polymorphism
called 5-HTTLPR in the gene that encodes SERT has been a target for
many mental disorder studies. When the polymorphism is the L (long)
type, more SERT is produced, and when it is the S (short) type, less is
produced. People generally have one combination of these types, L/L,
S/L, or S/S. In 2003, an analysis (Capsi et al., 2003) became highly
regarded for reporting that people with the S-type polymorphism had a
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stronger tendency for anxiety and were more susceptible to depression.
However, recent large-scale studies scrutinized that work and clearly
denied the simple association between the 5-HTTLPR polymorphism
and mental illness.

  
 

  

A) The transcriptional activation ability is measured by introducing a
fluorescently labeled DNA chain (reporter construct) artificially methylated at
the CpG site into a neural cell line and measuring the activity of the
photoprotein. Credit: Professor Kazuya Iwamoto

Expression of genes in DNA is controlled by chemical modifications
like methylation. A collaborative research group between Kumamoto
University and the University of Tokyo used DNA methylation analysis
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in patients with bipolar disorder (Sugawara et al., 2011) to show that two
specific sites (CpG3 and CpG4) in the SERT gene show high
methylation status. Here, they conducted a large-scale follow-up study
on those CpG sites, a new study with patients having schizophrenia, and
a comprehensive study on the pathology of SERT DNA methylation.

They measured the DNA methylation status of the SERT gene using
genomic DNA extracted from the blood of 450 patients with bipolar
disorder, 440 patients with schizophrenia, and 460 healthy subjects.
They found that the SERT CpG3 site in patients with bipolar disorder
and schizophrenia is hypermethylated in male patients. Additionally,
after administration of an antipsychotic drug over four weeks, no change
in methylation was detected in animal test subjects (marmoset, n=3)
compared to control (n=3), which suggests that methylation in bipolar
and schizophrenic patients is not affect by medication.

Furthermore, a detailed analysis of the SERT gene polymorphism
5-HTTLPR revealed that the methylation rate was high in patients with
bipolar disorder and schizophrenia when 5-HTTLPR was hypoactive
type (S/S or S/L). When the CpG3 site of the SERT gene was artificially
methylated, researchers found that the transcriptional activation ability
and production of the SERT protein were both markedly suppressed.
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Left amygdala volume and CpG3 methylation rate are inversely correlated in
schizophrenic patients with hypoactive 5-HTTLPR. A significant correlation was
found in schizophrenia (SZ) patients (solid line), but not found in controls (CT,
dotted line). Credit: Professor Kazuya Iwamoto

Researchers also investigated the volume of the amygdala with MRI
images from 41 healthy subjects and 57 schizophrenia age- and gender-
matched patients. The amygdala is a part of the brain that, among other
functions, plays a major role in emotional responses. SERT actions are
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strong there and its association with DNA methylation has been reported
in the past. The volume of the left amygdala of male patients with
hypoactive type 5-HTTLPR polymorphism was found to have an inverse
correlation with the DNA methylation rate of CpG3. This suggests that
male schizophrenia patients of this polymorphism type may have a
hypermethylated SERT gene that leads to decreased amygdala volume
through decreased SERT protein levels.

"Our research shows that a specific site in the SERT gene is
hypermethylated in male patients with schizophrenia and bipolar
disorder, and is associated with volume changes in the amygdala," said
study leader, Dr. Kazuya Iwamoto. "In the future, we believe that this
can be used as a biomarker for onset prediction, diagnosis, and to assess
therapeutic effects. It could even be a clue for the molecular pathologies
of these disorders."

  More information: Tempei Ikegame et al, Promoter Activity-Based
Case-Control Association Study on SLC6A4 Highlighting
Hypermethylation and Altered Amygdala Volume in Male Patients With
Schizophrenia, Schizophrenia Bulletin (2020). DOI:
10.1093/schbul/sbaa075
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