


[image: 9780128179369_FC]



The Neuroscience of Depression
Genetics, Cell Biology, Neurology, Behavior, and Diet

First Edition

Colin R. Martin

Professor of Perinatal Mental Health, Institute of Clinical and Applied Health Research (ICAHR), University of Hull, UK

Lan-Anh Hunter

School of Primary Care, Thames Valley, Health Education England, Oxford, United Kingdom

Vinood B. Patel

School of Life Sciences, University of Westminster, London, United Kingdom

Victor R. Preedy

Professor of Nutritional Biochemistry, Department of Nutrition and Dietetics, Professor of Clinical Biochemistry, Department of Clinical Biochemistry; Director of the Genomics Centre, King’s College, London, UK

Rajkumar Rajendram

King’s College, London, United Kingdom

[image: images]


Table of Contents


Cover image

Title page

Copyright

Contributors

Foreword

Preface

Part I: Genetic aspects of depression

Chapter 1: Epigenetics in depression

Abstract

Introduction

DNA methylation

Early-life events, DNA methylation, and depression

Different gene methylation profiles in depression models

Histone modifications

Histone acetylation and depression

Histone methylation and depression

HDAC inhibitors as antidepressants

Histone modification associated with gestational stress and gender differences

miRNA mechanisms of action

miRNAs and neuroplasticity in depression

miRNAs and animal models of depression

miRNAs and postmortem brain

miRNAs as a peripheral markers of depression

Conclusion

Key facts of epigenetics

Summary points

Mini-dictionary of terms

Chapter 2: Genes, depression, and nuclear DNA

Abstract

Introduction

Heritability of depression

Heterogeneity of depression

The multifactorial background of depression

The candidate gene approach in depression

Genome-wide analytical studies (GWAS) in depression

Phenotyping of depression in genetic studies

Genetic architecture of depression

Implications of genetic studies of depression for clinical practice

Conclusion

Summary points

Key facts

Mini-dictionary of terms

Chapter 3: Gene expression in depression: Molecular aspects of postpartum depression

Abstract

Introduction

What is known about PPD etiology?

Molecular biology approaches for the study of PPD: The experimental models

Genetic factors for PPD: The female reproductive hormones

Genetic factors for PPD: The neuropeptides and mood modulators

Genetic factors for PPD: The HPA axis

Genetic factors for PPD: The immunoinflammatory response

Genetic factors for PPD: The microarray studies

Genetic factors for PPD: The epigenetics

The importance of the molecular markers for the PPD diagnosis

Key facts of PPD

Summary points

Mini-dictionary of terms

Chapter 4: Genetics and epigenetics of the SLC6A4 gene in depression

Abstract

List of abbreviations

Introduction

The role of the serotoninergic system in neurodevelopment depression

Genetic variations in the serotonin transporter gene and the risk for depression

Stress events and epigenetic changes

Perspectives on the SLC6A4 contribution for depression etiology

Key facts of SLC6A4

Summary points

Mini-dictionary of terms

Chapter 5: Molecular basis of tryptophan metabolism disorders associated with depression

Abstract

Introduction

Genetic background of disorders of tryptophan metabolism in depression

Disorders of tryptophan metabolism and antidepressant therapy

Compensatory (anti)inflammatory reflex system in depression

Disorders of tryptophan metabolism in the development of postpartum depression

Conclusion

Key facts

Summary points

Mini-dictionary terms

Chapter 6: Metalloproteinases genes and their relationship with depression

Abstract

Introduction

Overview

Structure, history, classification, and regulation

Pathophysiological role

Pathophysiology of depression

Pharmacotherapy

Conclusion

Key facts of matrix metalloproteinases in depression

Summary points

Mini-dictionary of terms

Chapter 7: Linking gene regions jointly with environment and depression

Abstract

Introduction

Candidate gene methods in GxE research

Gene-region analyses: A primer

Selecting gene regions

Gene-region analyses in depression research

Challenges and future directions

Key facts of gene region x environment analysis in depression

Summary points

Mini-dictionary of terms

Part II: Molecular and cellular effects of depression

Chapter 8: Linking depression, mRNA translation, and serotonin

Abstract

Introduction

mRNA translation: A central process in regulating gene expression

Dysregulated inflammation in MDD

Conclusions

Key facts

Summary points

Mini-dictionary of terms

Chapter 9: Changes in cortical gene expression in major depressive disorders: More evidence implicating inflammatory-related pathways in disease etiology

Abstract

Cortical dysfunction in major depressive disorders

Gene x environment interactions in major depressive disorders

Cortical gene expression in major depressive disorders

Regional changes in cortical gene expression in major depressive disorders

Changes in gene expression in the frontopolar cortex

Changes in gene expression in the orbitofrontal cortex

Changes in gene expression in the dorsolateral prefrontal cortex

Changes in gene expression in the ventrolateral prefrontal cortex

Changes in gene expression in the cingulate cortex

Changes in gene expression in the premotor and primary motor cortices

Changes in gene expression in the temporal cortex

Changes in gene expression in the pre-visual cortex

Summary of changed cortical gene expression in major depressive disorders

From transcriptomics to a biology of major depressive disorders

Conclusions

Key facts

Summary points

Chapter 10: FKBP5 gene expression as a biomarker for treatment outcome in depression

Abstract

Depression—A stress-related mental disorder

Role of FKBP5 in stress response regulation and mood disorders

FKBP5 gene expression and antidepressant treatment outcome

FKBP5 as a promising antidepressant drug target

Key facts and summary points

Mini-dictionary of terms

Chapter 11: Neuroimaging a cytokine storm by transducing IL-1α to hippocampal cornu ammonis: COVID-19 SARS-CoV-2

Abstract

Acknowledgments

Introduction

Main text

Nanobiotechnology model: The device and the circuits

Key facts

Summary points

Mini-dictionary of terms

Chapter 12: Linking interleukin-6 and depression

Abstract

Introduction

Interlinking interleukin-6 and depression

Historical background

Review of IL-6 function

Preclinical studies

Clinical studies of immune system disorders or immunoactive treatments

Clinical studies of patients with MDD or other depressive disorders

Clinical treatments involving blockade of IL-6 activity

Mechanisms of interaction of IL-6 and depression

Limitations

Future areas of research

Conclusion

Key facts

Summary points

Chapter 13: The role of inflammatory signaling in comorbid depression and epilepsy

Abstract

Introduction

Inflammation in depression and epilepsy

The role of inflammation in epilepsy and depression comorbidity

Conclusions

Key facts of inflammation in comorbid depression and epilepsy

Summary points

Mini-dictionary of terms

Chapter 14: Brain inflammasomes in depression

Abstract

Introduction

Inflammasomes, structure-function relationship and role in brain diseases

Major depressive disorders

Linking depressive disorders to neuroinflammation

Inflammasomes are key players in MDD

Conclusion

Key facts

Summary points

Mini-dictionary of terms

Chapter 15: Inflammatory factors and depression in substance use disorder

Abstract

Introduction

Substance use disorder

Comorbidity: Substance use disorder and depression

Inflammation in substance use disorder and depression

Conclusions and identification of inflammatory biomarkers

Key facts of substance use disorder

Key facts of inflammation

Summary points

Mini-dictionary of terms

Chapter 16: Linking Huntington disease, brain-derived neurotrophic factor, and depressive-like behaviors

Abstract

Huntington’s disease

Brain-derived neurotrophic factor

The role of brain-derived neurotrophic factor in depression

Alterations of brain-derived neurotrophic factor signaling in HD

Depression in HD: A putative role for brain-derived neurotrophic factor

Conclusions

Key facts on Huntington’s disease

Summary points

Mini-dictionary of terms

Chapter 17: Depression and the NMDA receptor/NO/cGMP pathway

Abstract

Introduction

The glutamatergic system and the l-arginine/NO/cGMP pathway

NMDA receptor/NO/cGMP pathway as therapeutic target for depression

NMDA receptor antagonists

l-arginine/NO/cGMP pathway inhibitors

Prospects and future directions

Conclusion

Key facts of antidepressants

Summary points

Mini-dictionary of terms

Chapter 18: Translocator protein (18 kDa TSPO) binding in depression

Abstract

Introduction: The inflammatory theory of depression

Postmortem studies and central markers of inflammation

The translocator protein: A putative marker of neuroinflammation

In vivo imaging of neuroinflammation in MDD: Initial findings, controversies, and clinical implications

TSPO binding and cognitive functions in depression

TSPO binding and response to psychotherapy

Limitations and future directions

Key facts of translocator protein (TSPO 18 kDa)

Key facts of inflammation and depression

Summary points

Mini-dictionary of terms

Chapter 19: Axonal transport proteins: What they are and how they relate to depressive behaviors

Abstract

What is axonal transport?

Axonal transport and brain function

Axonal transport proteins and neuroinflammation

Axonal transport proteins and neurodegeneration

Axonal transport proteins and depressive-like behavior

Conclusion

Key facts

Summary points

Mini-dictionary of terms

Chapter 20: Molecular features of adenylyl cyclase isoforms and cAMP signaling: A link between adenylyl cyclase 7 and depression

Abstract

Acknowledgments

Introduction

Overview of adenylyl cyclases

cAMP signaling and depression

Adenylyl cyclase 7

Adenylyl cyclase 7 and depression

Conclusions

Key facts of cAMP signaling

Key facts of AC7

Summary points

Mini-dictionary of terms

Chapter 21: Neurobiology of depression: The role of glycogen synthase kinase 3

Abstract

Introduction

Posttranslational mechanisms regulating GSK3 activity

GSK3β in mood disorders and depression

GSK3 and experimental models of depression-like behaviors

Role of GSK3 in regulating intrinsic excitability

GSK3 and voltage-gated sodium (Nav) channels

GSK3 and accessory proteins of the voltage-gated sodium (Nav) channel complex

GSK3 phosphorylation of the voltage-gated sodium (Nav) channel in experimental models of vulnerability to depression-like behavior

GSK3 and voltage-gated potassium (Kv) channels

Functional implications of GSK-3-dependent Kv4.2 phosphorylation

GSK3 and Kv channels in experimental models of depression-like behaviors

Conclusions

Key facts of GSK3

Summary points

Mini-dictionary of terms

Chapter 22: Sortilin/neurotensin receptor-3 and its derived peptides in depression

Abstract

Introduction

How TREK-1 became a target in depression

How sortilin was shown to be involved in depression

Spadin and spadin analogs are selective fast-acting antidepressants

Posttranslational products of NTSR3/sortilin as biomarkers

The role of spadin as a link between obesity/diabetes and depression

Conclusions

Key facts

Summary points

Mini-dictionary of terms

Chapter 23: Implication of Wnt/beta-catenin signaling and its components in depression and neuropsychiatric disorders

Abstract

Introduction

The canonical Wnt signaling pathway

Noncanonical Wnt signaling pathway

Wnt/Ca+ 2 pathway

Wnt/PCP pathway

Wnt/β-catenin signaling components in depression

Disheveled

GSK-3β

Wnts

Frizzled

Crosstalk between neurogenesis and Wnt signaling in depression and psychiatric disorders

Antidepressants utilize Wnt signaling and its components for the action

Concluding remarks

Key facts of Wnt signaling and depression

Summary points

Mini-dictionary of terms

Chapter 24: The prefrontal cortex in depression: Use of proteomics

Abstract

Introduction

OMICS allowed a new insight into neuronal phenotype

The basics of proteomic studies

Proteomic studies in depression research

Proteome changes in depression

Limitations and perspectives

Key facts of proteomics

Summary points

Mini-dictionary of terms

Part III: Neurological and imaging features

Chapter 25: How brain single photon emission computed topography imaging informs the diagnosis and treatment of mood disorders

Abstract

Introduction

Imaging does not match the DSM, but can enhance it

Brain SPECT imaging

SPECT mood disorder literature

Hypofrontality

Hyperfrontality

Overall decreased perfusion

Brain trauma

Cognitive disorders vs depression

How SPECT changes clinical practice and may improve outcomes

SPECT, mood disorders, and treatment response

Key facts

Key points

Summary

Mini-dictionary of terms

Chapter 26: Resting-state functional magnetic resonance imaging (rsfMRI) in bipolar and unipolar depression

Abstract

Introduction

A framework for synthesizing rsfMRI results: Distributed functional networks

Resting-state functional connectivity in unipolar depression

Resting-state functional connectivity in bipolar depression

Functional connectivity differences between unipolar and bipolar depression

Challenges to interpretation of resting-state studies

Future directions

Key facts about unipolar and bipolar depression

Summary points

Mini-dictionary of terms

Chapter 27: Linking amygdala blood oxygenation-level-dependent (BOLD) activity and frontal EEG in depression

Abstract

Introduction

Emotion regulation system

Emotion regulation in depression

Frontal EEG asymmetry and depression

Linking amygdala BOLD activity and frontal EEG

Amygdala real-time fMRI neurofeedback with simultaneous EEG

EEG activity during the real-time fMRI neurofeedback procedure

Frontal EEG asymmetry changes and depression severity

EEG coherence enhancement and depression severity

Correlations of amygdala BOLD activity and frontal EEG asymmetry

Conclusion

Key facts of amygdala and frontal EEG in depression

Summary points

Mini-dictionary of terms

Chapter 28: The rostromedial tegmental nucleus: Features and links with alcohol and depression

Abstract

Background

RMTg: Characteristics, inputs, and outputs associated with alcohol and depression

RMTg activity in alcohol consumption and depression

Role of the RMTg in alcohol withdrawal-induced negative affect

Conclusion

Key facts of comorbid alcohol use disorders and depression

Summary points

Mini-dictionary of terms

Chapter 29: Human serotonergic neurons, selective serotonin reuptake inhibitor (SSRI) resistance and major depressive disorder

Abstract

Introduction

IPSC reprogramming

Generating human serotonergic neurons

Studying serotonergic neurotransmission in patient serotonergic neurons

Studying serotonergic neurotransmission in patient cortical neurons

Limitations in iPSC work

Key facts of serotonergic neurons

Key facts of induced pluripotent stem cells (iPSCS)

Summary points

Mini-dictionary of terms

Chapter 30: Role of nesfatin-1 in major depression

Abstract

Introduction

Structure and distribution of NUCB protein family

Molecular structure of nesfatin-1

Distribution and effects of nesfatin-1

Nesfatin-1 and psychiatric disorders

Nesfatin-1 and depression

Key facts of nesfatin-1

Summary points

Mini dictionary of terms

Chapter 31: Impact of NGF signaling on neuroplasticity during depression: Insights in neuroplasticity-dependent therapeutic approaches

Abstract

Acknowledgments

Introduction

Changes in neuroplasticity during the pathophysiology of depression

NGF and neuroplasticity: The evidence

Role of NGF in the plasticity of hippocampal and basal forebrain cholinergic neurons

NGF dysregulation in depression

Clinical evidence

Preclinical evidence

NGF regulation in antidepressants treatment

New perspectives for refining future treatment approaches: Neuroplasticity-dependent therapeutic approaches

Concluding remarks

Key facts of depression

Summary points

Mini-dictionary of terms

Chapter 32: Inherited depression and psychological disorders and mental illness by germ cells and their memory

Abstract

Disclosure of potential conflicts of interest

Introduction

Psychiatric pathologies

Depression and degradation of germ cells

Genetic memory

Do the same causes produce the same effects in humans?

Wartime, depression, and germ cells

Psychological and environmental factors and female–male germ cells-fertility

Transmission of trauma via germ cells

Reverse process

Exercise, nutritional status, seasonal variations, and germ cells

What is happening inside and beyond the uterus?

Psychotherapy and sexual behavior

Cognitive/physical activities and sexual behavior

Relaxation and music/dance therapy

Discussion

Conclusion

Key facts of human germ cells

Summary points

Mini-dictionary of terms

Part IV: Behaviour and psychopathological effects

Chapter 33: Cognitive function and neurocognitive deficits in depression

Abstract

The “hot” and “cold” cognitive processes in depression

Cognitive predictors of depression

Cognitive function associated with a depressive episode

Cognitive function following depressive episode remission

Conclusion and future directions

Key facts of cognitive functioning

Summary points

Mini-dictionary of Terms

Chapter 34: Cognitive and interpersonal contributors to relationship distress and depression: A review of the dyadic partner-schema model

Abstract

Acknowledgment

Introduction

An overview of the dyadic partner-schema model

Clinical implications of the dyadic partner-schema model

Directions for future research

Conclusion

Key facts of schemas

Summary points

Mini-dictionary of terms

Chapter 35: Cognitive vulnerability to depression in adolescence

Abstract

Introduction

Developmental antecedents to cognitive vulnerability to depression

Childhood maltreatment and cognitive vulnerability to depression

Peer victimization and cognitive vulnerability to depression

Limitations of the research on early life influences of cognitive vulnerability to depression

Neurobiological findings for early life adversities

Neurobiological findings for cognitive vulnerability to depression

Conclusion and future directions

Key facts of cognitive vulnerability to depression

Summary points

Mini-dictionary of terms

Chapter 36: Determining the cognitive performance in the first episode of depression

Abstract

Introduction

Cognitive dysfunction in MDD

A brief history of cognitive dysfunction in MDD

Impact of cognitive dysfunction in MDD

Cognitive dysfunction in the first episode of MDD

Conclusions

Key facts of cognitive dysfunction in the first episode of MDD

Summary points

Mini-dictionary of terms

Chapter 37: Body image and depression

Abstract

Introduction

Tripartite model of body image

Reciprocal shaping: Body image is shaped by interaction and body image shapes interaction

Systems view: The neurological layers of embodiment

Body image assessment

Studies of the body image in patients with depression

Discomfort in sensing the body

Body memory contents of the depressed patients’ body image

Body image quality and recovery from depression

Addressing and accepting body image contents in the treatment of depression

Dance movement therapy in the treatment of patients with depression

Key facts—Summary points

Mini-dictionary terms

Chapter 38: Sleep, anxiety, and depression

Abstract

Introduction

Fundamentals of sleep

Sleep architecture

Available treatments for insomnia

Anxiety disorders

Treatments for anxiety disorders

Mechanisms of sleep, anxiety, and depression

Conclusion

Key facts

Mini-dictionary of terms

Chapter 39: Depression, anxiety, and quality of life

Abstract

Introduction

Measures of qualify of life

Depression and quality of life

Effect of treatment for depression on quality of life

Anxiety and quality of life

Effect of treatment for anxiety on quality of life

Conclusions

Summary points

Key facts of depression, anxiety, and quality of life

Mini-dictionary of terms

Chapter 40: Reward processing and depression: Current findings and future directions

Abstract

Introduction

Theory linking reward processing and depression

Reward processing and depression: A review of behavioral studies

An ERP measure of reward processing

Reward processing and depression: A review of ERP studies

fMRI measurement of reward processing

Reward processing and depression: A review of fMRI studies

Life stress, reward processing, and depression

Conclusion and future directions

Key facts of reward learning

Summary points

Mini-dictionary of terms

Chapter 41: Sexual functioning in depression

Abstract

Introduction

The problem statement: Sexual dysfunction in depressed individuals

Pathophysiology of sexual dysfunction in depression

Incidence and pathophysiology of TESD/antidepressant-induced sexual dysfunction

Impact of sexual dysfunction on depression

Risk factors for developing sexual dysfunction during antidepressant therapy

Assessment of sexual functioning in patients with depression

Management of sexual dysfunctions in depression

Conclusions

Summary points

Key facts

Part V: Diet, nutrition and botanicals

Chapter 42: Linking dietary glycemic index and depression

Abstract

Introduction

Carbohydrates and glycemic index

Glycemic responses and depression

Observational studies

Clinical trials

Possible mechanisms

Conclusion

Key facts of carbohydrates

Summary points

Mini-dictionary of terms

Chapter 43: Gut microbiota and depression

Abstract

Introduction

Gut microbiota and brain communication

The mechanisms of action

Key facts

Summary points

Mini-dictionary of terms

Chapter 44: Linking dietary methyl donors, maternal separation, and depression

Abstract

Introduction

Experimental models of depression based on stress in perinatal life

Methyl donors and depression

Mutations related to depression in genes of one-carbon metabolism

Conclusion

Key facts

Summary points

Mini-dictionary of terms

Chapter 45: Convolvulus pluricaulis usage and depression

Abstract

Introduction

Pathology

Current synthetic treatment for depression

Introduction to herbal medicines

Scientific classification

Description

Pharmacological activities of C. pluricaulis

Effect of C. pluricaulis extract (CPE) in the mouse forced swim and tail suspension tests

Effect of C. pluricaulis extract (CPE) behavior induced by chronic unpredictable mild stress in rat

Effect of C. pluricaulis against H2O2-induced neurotoxicity in SH-SY5Y human neuronal cells

Effect of scopoletin, phytochemical constituent of C. pluricaulis in tail suspension tests

Effect of Kaempferol, a phytochemical constituent of C. pluricaulis in TST and FST

Conclusion

Key facts

Summary points

Mini-dictionary of terms

Chapter 46: Antidepressant activity of Crocus sativus L. and its main constituents: A review

Abstract

Introduction

Antidepressant activity of saffron

Antidepressant activity of saffron constituents and its bioactive fractions

Bioactive fractions of C. sativus L.

Conclusion

Summary points

Key facts

Mini-dictionary of terms

Chapter 47: Mechanisms of action of herbal antidepressants

Abstract

Introduction

Herbal antidepressants

Conclusion

Key facts

Summary points

Mini-dictionary of terms

Chapter 48: Antidepressant-like effects and mechanisms of the herbal formula Xiaochaihutang in depression

Abstract

Introduction

Effects of XCHT on depressive animal models

Antidepressant mechanisms of XCHT

Conclusion

Key facts

Summary points

Mini-dictionary of terms

Part VI: Resources

Chapter 49: Recommended resources on the neuroscience of depression: Genetics, cell biology, neurology, behavior, and diet

Abstract

Acknowledgments

Introduction

Resources

Summary points

Mini-dictionary of terms

Key facts

Index



Copyright
Academic Press is an imprint of Elsevier

125 London Wall, London EC2Y 5AS, United Kingdom

525 B Street, Suite 1650, San Diego, CA 92101, United States

50 Hampshire Street, 5th Floor, Cambridge, MA 02139, United States

The Boulevard, Langford Lane, Kidlington, Oxford OX5 1GB, United Kingdom

Copyright © 2021 Elsevier Inc. All rights reserved.

No part of this publication may be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopying, recording, or any information storage and retrieval system, without permission in writing from the publisher. Details on how to seek permission, further information about the Publisher’s permissions policies and our arrangements with organizations such as the Copyright Clearance Center and the Copyright Licensing Agency, can be found at our website: www.elsevier.com/permissions.

This book and the individual contributions contained in it are protected under copyright by the Publisher (other than as may be noted herein).

Notices

Knowledge and best practice in this field are constantly changing. As new research and experience broaden our understanding, changes in research methods, professional practices, or medical treatment may become necessary.

Practitioners and researchers must always rely on their own experience and knowledge in evaluating and using any information, methods, compounds, or experiments described herein. In using such information or methods they should be mindful of their own safety and the safety of others, including parties for whom they have a professional responsibility.

To the fullest extent of the law, neither the Publisher nor the authors, contributors, or editors, assume any liability for any injury and/or damage to persons or property as a matter of products liability, negligence or otherwise, or from any use or operation of any methods, products, instructions, or ideas contained in the material herein.


Library of Congress Cataloging-in-Publication Data

A catalog record for this book is available from the Library of Congress

British Library Cataloguing-in-Publication Data

A catalogue record for this book is available from the British Library

ISBN 978-0-12-817935-2

For information on all Academic Press publications visit our website at https://www.elsevier.com/books-and-journals

Publisher: Nikki Levy

Acquisitions Editor: Joslyn T. Chaiprasert-Paguio

Editorial Project Manager: Timothy Bennett

Production Project Manager: Sreejith Viswanathan

Cover Designer: Mark Rogers

Typeset by SPi Global, India

[image: Image 1]


Contributors
Numbers in parenthesis indicate the pages on which the authors' contributions begin.

Giuseppe Aceto

Department of Neuroscience, Università Cattolica del Sacro Cuore

Fondazione Policlinico Universitario A. Gemelli, IRCCS, Rome, Italy

Argel Aguilar-Valles     Department of Neuroscience, Carleton University, Ottawa, ON, Canada

Mir Hilal Ahmad

Laboratory of Cellular and Molecular Neurobiology, School of Life Sciences, Jawaharlal Nehru University

Genome Biology Laboratory, Department of Biosciences, Jamia Millia Islamia, New Delhi, India

Aisha Asad Ahmed     Department of Neuroscience, Carleton University, Ottawa, ON, Canada

Amani Ahmed     Emergency Department, Caen University Hospital, Caen, France

Muneer Ali     Amen Clinics, Atlanta, GA, United States

Muaweah Ahmad Alsaleh

CERReV Laboratory, University of Caen Normandy, Caen, France

France Asylum Land, France

Faculty of Education-Counseling Psychology-University of Aleppo, Aleppo, Syria

INTERPSY Laboratory, University of Lorraine, Nancy, France

New Navarre Hospital, Normandy, France

Daniel Amen     Amen Clinics, Costa Mesa, CA, United States

Pedro Araos

Neuropsicofarmacología-UGC Salud Mental, Hospital Regional Universitario de Málaga and Universidad de Málaga, Instituto Investigación Biomédica de Málaga (IBIMA), Málaga

Red de Trastornos Adictivos, Redes Temáticas de Investigación Cooperativa, Instituto de Salud Carlos III, Madrid

Psicobiología y Metodología de las Ciencias del Comportamiento-Facultad de Psicología, Universidad de Málaga, Málaga, Spain

 João Ronielly Campêlo Araújo     Experimental Biology Centre (NUBEX), University of Fortaleza (UNIFOR), Fortaleza, Ceara, Brazil

Emily Arsenault     Department of Neuroscience, Carleton University, Ottawa, ON, Canada

Dimitrinka Atanasova

Department of Behavioral Neurobiology, Institute of Neurobiology, Bulgarian Academy of Sciences, Sofia

Department of Anatomy, Medical Faculty, Trakia University, Stara Zagora, Bulgaria

Xabier Bengoetxea     Institute of Physiology I, University of Münster, Münster, Germany

Nelson Bennett     Amen Clinics, Atlanta, GA, United States

Alexandra H. Bettis     Department of Psychiatry and Behavioral Sciences, Vanderbilt University School of Medicine, Nashville, TN, United States

Cordian Beyer     Institute of Neuroanatomy, University Clinic, RWTH Aachen University, Aachen, Germany

Katarzyna Bialek     Laboratory of Medical Genetics, Department of Molecular Genetics, Faculty of Biology and Environmental Protection, University of Lodz, Lodz, Poland

Jerzy Bodurka     Laureate Institute for Brain Research, Tulsa, OK, United States

Marc Borsotto     CNRS, UMR, Université Côte d’Azur, Institut de Pharmacologie Moléculaire et Cellulaire, Valbonne, France

Patricia S. Brocardo

Neuroscience Graduate Program

Department of Morphological Sciences, Center of Biological Sciences, Federal University of Santa Catarina, Campus Universitário Trindade, Florianópolis, SC, Brazil

Patricia A. Broderick

Department of Molecular, Cellular and Biomedical Sciences, CUNY School of Medicine, CCNY

Physician Assistants (PA, MS) Program

Course Director, Neurobiological Aspects of Drugs of Abuse

CUNY Grad Ctr., Psychology: Cognitive and Behavioral Neuroscience

CUNY Neuroscience Collaborative Graduate Program: Biology

NYU Langone Med. Ctr. & Epilepsy Ctr.,

Broderick Brain Foundation: Scholar, New York, NY, United States

Tarsis F. Brust     Department of Pharmaceutical Sciences, Lloyd L. Gregory School of Pharmacy, Palm Beach Atlantic University, West Palm Beach, FL, United States

Steven L. Cofresi

Department of Molecular, Cellular and Biomedical Sciences, CUNY School of Medicine, CCNY

Broderick Brain Foundation: Scholar, New York, NY, United States

Ryan Cook     Department of Pharmaceutical Sciences, Lloyd L. Gregory School of Pharmacy, Palm Beach Atlantic University, West Palm Beach, FL, United States

Piotr Czarny     Department of Medical Biochemistry, Medical University of Lodz, Lodz, Poland

Marcello D’Ascenzo

Department of Neuroscience, Università Cattolica del Sacro Cuore

Fondazione Policlinico Universitario A. Gemelli, IRCCS, Rome, Italy

Ayeila Daneshmend     Department of Neuroscience, Carleton University, Ottawa, ON, Canada

Brian Dean     Molecular Psychiatry Laboratory, Florey Institute of Neuroscience and Mental Health, University of Melbourne, Melbourne, VIC, Australia

Jessica Di Re     Department of Pharmacology & Toxicology, School of Medicine, University of Texas Medical Branch, Galveston, TX, United States

Kurosh Djafarian     Department of Clinical Nutrition, School of Nutrition and Dietetics, Tehran University of Medical Sciences, Tehran, Iran

David J.A. Dozois     Department of Psychology, The University of Western Ontario, London, ON, Canada

Kristen K. Ellard     Department of Psychiatry, Massachusetts General Hospital, Harvard Medical School, Boston, MA, United States

Jean Daniel Eloy     Department of Anesthesiology, Rutgers, The State University of New Jersey, New Jersey Medical School, Newark, NJ, United States

Jay Faber     Amen Clinics, Encino, CA, United States

Mahino Fatim     Laboratory of Cellular and Molecular Neurobiology, School of Life Sciences, Jawaharlal Nehru University, New Delhi, India

 María Flores-López     Neuropsicofarmacología-UGC Salud Mental, Hospital Regional Universitario de Málaga and Universidad de Málaga, Instituto Investigación Biomédica de Málaga (IBIMA), Málaga, Spain

Anita Forsblom     Private Creative Arts Therapy Practice, Vantaa, Finland

Christopher J. Funes     Department of Psychiatry, Massachusetts General Hospital, Harvard Medical School, Boston, MA, United States

Fred H. Gage     Laboratory of Genetics, The Salk Institute for Biological Studies, La Jolla, CA, United States

 Piotr Gałecki     Department of Adult Psychiatry, Medical University of Lodz, Lodz, Poland

Keming Gao

Department of Psychiatry, Case Western Reserve University School of Medicine, Cleveland, OH, United States

Mood Disorders Program, University Hospitals Cleveland Medical Center, Cleveland, OH, United States

Nuria García-Marchena

Neuropsicofarmacología-UGC Salud Mental, Hospital Regional Universitario de Málaga and Universidad de Málaga, Instituto Investigación Biomédica de Málaga (IBIMA), Málaga

Red de Trastornos Adictivos, Redes Temáticas de Investigación Cooperativa, Instituto de Salud Carlos III, Madrid, Spain

Arianna M. Gard     Institute for Social Research, Population Studies Center, University of Michigan, Ann Arbor, MI, United 
States

Gianna Giacoletti     Department of Pharmaceutical Sciences, Lloyd L. Gregory School of Pharmacy, Palm Beach Atlantic University, West Palm Beach, FL, United States

Jennifer C.P. Gillies     Department of Psychology, The University of Western Ontario, London, ON, Canada

Joana Gil-Mohapel     Department of Morphological Sciences, Center of Biological Sciences, Federal University of Santa Catarina, Campus Universitário Trindade, Florianópolis, SC, Brazil

Xenia Gonda

Department of Psychiatry and Psychotherapy

MTA-SE Neuropsychopharmacology and Neurochemistry Research Group, Hungarian Academy of Sciences

NAP-2-SE New Antidepressant Target Research Group, Hungarian Brain Research Program, Semmelweis University, Budapest, Hungary

Thomas A Green     Department of Pharmacology & Toxicology, School of Medicine, University of Texas Medical Branch, Galveston, TX, United States

Sandeep Grover     Department of Psychiatry, Postgraduate Institute of Medical Education and Research, Chandigarh, India

Girdhari Lal Gupta     Department of Pharmacology, Shobhaben Pratapbhai Patel School of Pharmacy & Technology Management, SVKM'S NMIMS, Mumbai, India

Jessica L. Hamilton     Department of Psychiatry, University of Pittsburgh School of Medicine, Pittsburgh, PA, United States

Kelly J. Heard     Laboratory of Genetics, The Salk Institute for Biological Studies, La Jolla, CA, United States

Catherine Heurteaux     CNRS, UMR, Université Côte d’Azur, Institut de Pharmacologie Moléculaire et Cellulaire, Valbonne, France

Stefanie Hoffmann     Department of Psychiatry, Psychotherapy and Psychosomatics, University Clinic, RWTH Aachen University, Aachen, Germany

Azar Hosseini     Pharmacological Research Center of Medicinal Plants, Mashhad University of Medical Sciences, Mashhad, Iran

Hossein Hosseinzadeh

Department of Pharmacodynamics and Toxicology, School of Pharmacy

Pharmaceutical Research Center, Pharmaceutical Technology Institute, Mashhad University of Medical Sciences, Mashhad, Iran

Li-Ting Huang     Biostatistics, Epidemiology and Environmental Health Sciences, Jiann-Ping Hsu College of Public Health, Georgia Southern University, Statesboro, GA, United States

 Katriina Hyvönen     Tampere University, Faculty of Social Sciences/Psychology, Tampere, Finland

Marcus Ising     Max Planck Institute of Psychiatry, Munich, Germany

Sima Jafarirad     Department of Nutrition, Nutrition and Metabolic Diseases Research Center, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran

Zeynep Jihad-Mohamad     Department of Neuroscience, Carleton University, Ottawa, ON, Canada

Manuel Jiménez-Navarro

Insuficiencia Cardiaca y Cardiopatía Isquémica-UGC Corazón, Hospital Universitario Virgen de la Victoria and Universidad de Málaga, Instituto Investigación Biomédica de Málaga (IBIMA), Málaga

Centro de Investigación Biomedica en Red de Enfermedades Cardiovasculares (CIBERCV), Instituto de Salud Carlos III, Madrid, Spain

 Gábor Juhász     Department of Biochemistry, Institute of Biology, Eötvös Loránd University, Budapest, Hungary

Michał Seweryn Karbownik     Department of Pharmacology and Toxicology, Medical University of Lodz, Lodz, Poland

Mona Karimpour     Amen Clinics, Costa Mesa, CA, United States

Asma Kazemi     Nutrition Research Center, School of Nutrition and Food Sciences, Shiraz University of Medical Sciences, Shiraz, Iran

 Katalin Adrienna Kékesi     Department of Physiology and Neurobiology, Institute of Biology, Eötvös Loránd University, Budapest, Hungary

 Szabolcs Kéri

Department of Cognitive Science, Budapest University of Technology and Economics, Budapest, Hungary

Nyírő Gyula National Institute of Psychiatry and Addictions, Budapest, Hungary

Daniel N. Klein     Department of Psychology, Stony Brook University, Stony Brook, NY, United States

Edward Kowalczyk     Department of Pharmacology and Toxicology, Medical University of Lodz, Lodz, Poland

Mateusz Kowalczyk     Department of Adult Psychiatry, Medical University of Lodz, Lodz, Poland

Jean-Claude Lacaille     Department of Neuroscience, Centre of Interdisciplinary Research on the Brain and Learning, University of Montreal, Montreal, QC, Canada

Fernanda Laezza     Department of Pharmacology & Toxicology, School of Medicine, University of Texas Medical Branch, Galveston, TX, United States

Anna Landsman     Nursing Department, Faculty of Life Science, Jerusalem College of Technology, Jerusalem, Israel

Nikolai Lazarov

Department of Behavioral Neurobiology, Institute of Neurobiology, Bulgarian Academy of Sciences

Department of Anatomy and Histology, Medical University of Sofia, Sofia, Bulgaria

Richard T. Liu     Department of Psychiatry, Massachusetts General Hospital, Harvard Medical School, Boston, MA, United States

Daniel M. Mackin     Department of Psychology, Stony Brook University, Stony Brook, NY, United States

Paula M. Mangiavacchi     Laboratory of Reproduction and Animal Breeding, Center of Agricultural Sciences and Technologies, Universidade Estadual do Norte Fluminense Darcy Ribeiro (UENF), Rio de Janeiro, Brazil

Edna Matta-Camacho     Department of Neuroscience, Carleton University, Ottawa, ON, Canada

Jean Mazella     CNRS, UMR, Université Côte d’Azur, Institut de Pharmacologie Moléculaire et Cellulaire, Valbonne, France

Soraya Mehrabi

Department of Physiology, Faculty of Medicine

Department of Neuroscience, Faculty of Advanced Technologies in Medicine, Iran University of Medical Sciences, Tehran, Iran

Mariana S. Mendonça     Laboratory of Biotechnology, Center for Biosciences and Biotechnology, Universidade Estadual do Norte Fluminense Darcy Ribeiro (UENF), Rio de Janeiro, Brazil

Fermin Milagro     Department of Nutrition, Food Sciences and Physiology, Center for Nutrition Research, University of Navarra, Pamplona, Spain

Akanksha Mishra

Division of Neuroscience and Ageing Biology, CSIR-Central Drug Research Institute, Lucknow, Uttar Pradesh

Academy of Scientific and Innovative Research, New Delhi, India

Dániel Mittli     Department of Physiology and Neurobiology, Institute of Biology, Eötvös Loránd University, Budapest, Hungary

Amal Chandra Mondal     Laboratory of Cellular and Molecular Neurobiology, School of Life Sciences, Jawaharlal Nehru University, New Delhi, India

Abdulwhab Shremo Msdi     Department of Pharmaceutical Sciences, Lloyd L. Gregory School of Pharmacy, Palm Beach Atlantic University, West Palm Beach, FL, United States

Joona Muotka     Department of Psychology, University of Jyväskylä, Jyväskylän yliopisto, Finland

Arezo Nahavandi

Department of Physiology, Faculty of Medicine

Department of Neuroscience, Faculty of Advanced Technologies in Medicine

Neuroscience Research Centre, Iran University of Medical Sciences, Tehran, Iran

Brady D. Nelson     Department of Psychology, Stony Brook University, Stony Brook, NY, United States

Melissa Nyveld     Department of Neuroscience, Carleton University, Ottawa, ON, Canada

Ana Cristina de Oliveira Monteiro-Moreira     Experimental Biology Centre (NUBEX), University of Fortaleza (UNIFOR), Fortaleza, Ceara, Brazil

Vinood B. Patel531     School of Life Sciences, University of Westminster, London, United Kingdom

Cristine de Paula Nascimento-Castro     Neuroscience Graduate Program, Center of Biological Sciences, Federal University of Santa Catarina, Campus Universitário Trindade, Florianópolis, SC, Brazil

 Francisco Javier Pavón

Neuropsicofarmacología-UGC Salud Mental, Hospital Regional Universitario de Málaga and Universidad de Málaga, Instituto Investigación Biomédica de Málaga (IBIMA), Málaga

Insuficiencia Cardiaca y Cardiopatía Isquémica-UGC Corazón, Hospital Universitario Virgen de la Victoria and Universidad de Málaga, Instituto Investigación Biomédica de Málaga (IBIMA), Málaga

Red de Trastornos Adictivos, Redes Temáticas de Investigación Cooperativa, Instituto de Salud Carlos III, Madrid

Centro de Investigación Biomedica en Red de Enfermedades Cardiovasculares (CIBERCV), Instituto de Salud Carlos III, Madrid, Spain

Peter Petschner

MTA-SE Neuropsychopharmacology and Neurochemistry Research Group, Hungarian Academy of Sciences

NAP-2-SE New Antidepressant Target Research Group, Hungarian Brain Research Program

Department of Pharmacodynamics, Semmelweis University, Budapest, Hungary

 Efruz Pirdoğan Aydın     Department of Psychiatry, University of Health Sciences Sisli Hamidiye Etfal Training and Research Hospital, Istanbul, Turkey

Evelini Plácido     Division of Medical Sciences, Island Medical Program, University of Victoria, Victoria, BC, Canada

Oscar Porras-Perales

Neuropsicofarmacología-UGC Salud Mental, Hospital Regional Universitario de Málaga

Insuficiencia Cardiaca y Cardiopatía Isquémica-UGC Corazón, Hospital Universitario Virgen de la Victoria and Universidad de Málaga, Instituto Investigación Biomédica de Málaga (IBIMA), Málaga, Spain

Maria J. Portella     Group of Research in Psychiatric Disorders, Institute of Biomedical Research Sant Pau (IIB Sant Pau), Hospital de la Santa Creu i Sant Pau, Department of Psychiatry and Forensic Medicine, Universitat Autònoma de Barcelona (UAB), Barcelona, Catalonia, Spain

Victor R. Preedy     Diabetes and Nutritional Sciences Research Division, Faculty of Life Science and Medicine, King’s College London, London, United Kingdom

Rebecca B. Price

Department of Psychiatry, University of Pittsburgh Medical Center

Department of Psychology, University of Pittsburgh, Pittsburgh, PA, United States

 Päivi Pylvänäinen (Maria)     Tampere City Mental Health Services, Tampere Psychiatric Unit, Tampere, Finland

Mahboobeh Ghasemzadeh Rahbardar     Pharmaceutical Research Center, Pharmaceutical Technology Institute, Mashhad University of Medical Sciences, Mashhad, Iran

Mehran Rahimlou     Department of Nutrition, Nutrition and Metabolic Diseases Research Center, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran

Rajkumar Rajendram

College of Medicine, King Saud bin Abdulaziz University for Health Sciences

Department of Medicine, King Abdulaziz Medical City, King Abdullah International Medical Research Center, Ministry of National Guard—Health Affairs, Riyadh, Saudi Arabia

Diabetes and Nutritional Sciences Research Division, Faculty of Life Science and Medicine, King’s College London, London, United Kingdom

Maria J. Ramirez     Department of Pharmacology and Toxicology, University of Navarra, Pamplona, Spain

Bibi Marjan Razavi

Targeted Drug Delivery Research Center, Pharmaceutical Technology Institute

Department of Pharmacodynamics and Toxicology, School of Pharmacy, Mashhad University of Medical Sciences, Mashhad, Iran

Manivel Rengasamy     Department of Psychiatry, University of Pittsburgh Medical Center, Pittsburgh, PA, United States

 Nerea Requena-Ocaña     Neuropsicofarmacología-UGC Salud Mental, Hospital Regional Universitario de Málaga and Universidad de Málaga, Instituto Investigación Biomédica de Málaga (IBIMA), Málaga, Spain

Álvaro F.L. Rios     Laboratory of Biotechnology, Center for Biosciences and Biotechnology, Universidade Estadual do Norte Fluminense Darcy Ribeiro (UENF), Rio de Janeiro, Brazil

M. Moshahid Alam Rizvi     Genome Biology Laboratory, Department of Biosciences, Jamia Millia Islamia, New Delhi, India

Fernando Rodríguez de Fonseca

Neuropsicofarmacología-UGC Salud Mental, Hospital Regional Universitario de Málaga and Universidad de Málaga, Instituto Investigación Biomédica de Málaga (IBIMA), Málaga

Red de Trastornos Adictivos, Redes Temáticas de Investigación Cooperativa, Instituto de Salud Carlos III, Madrid, Spain

Swapnajeet Sahoo     Department of Psychiatry, Postgraduate Institute of Medical Education and Research, Chandigarh, India

Mirian Sanblas     Department of Nutrition, Food Sciences and Physiology, Center for Nutrition Research, University of Navarra, Pamplona, Spain

Maria Semkovska     Department of Psychology, University of Southern Denmark, Odense, Funen, Denmark

Antonia Serrano

Neuropsicofarmacología-UGC Salud Mental, Hospital Regional Universitario de Málaga and Universidad de Málaga, Instituto Investigación Biomédica de Málaga (IBIMA), Málaga

Red de Trastornos Adictivos, Redes Temáticas de Investigación Cooperativa, Instituto de Salud Carlos III, Madrid, Spain

Priyank Shah     Department of Pharmacology, Shobhaben Pratapbhai Patel School of Pharmacy & Technology Management, SVKM'S NMIMS, Mumbai, India

Shubha Shukla

Division of Neuroscience and Ageing Biology, CSIR-Central Drug Research Institute, Lucknow, Uttar Pradesh

Academy of Scientific and Innovative Research, New Delhi, India

Monika Sienkiewicz     Department of Allergology and Respiratory Rehabilitation, Medical University of Lodz, Lodz, Poland

Sonu Singh

Division of Neuroscience and Ageing Biology, CSIR-Central Drug Research Institute, Lucknow, Uttar Pradesh, India

Department of Neuroscience, School of Medicine, UConn Health, Farmington, CT, United States

 Tomasz Śliwiński     Laboratory of Medical Genetics, Department of Molecular Genetics, Faculty of Biology and Environmental Protection, University of Lodz, Lodz, Poland

Minal Sonawane     Department of Pharmacology & Toxicology, School of Medicine, University of Texas Medical Branch, Galveston, TX, United States

Nahum Sonenberg     Department of Biochemistry, Goodman Cancer Centre, McGill University, Montreal, QC, Canada

Rishi Sood     Amen Clinics, New York, NY, United States

Kelly L. Sullivan     Biostatistics, Epidemiology and Environmental Health Sciences, Jiann-Ping Hsu College of Public Health, Georgia Southern University, Statesboro, GA, United States

Fatimeh-Frouh Taghavi-Abkuh     Department of Neuroscience, Carleton University, Ottawa, ON, Canada

Monika Talarowska     Department of Personality and Individual Differences, Institute of Psychology, University of Lodz, Lodz, Poland

Jana Dimitrova Tchekalarova     Department of Behavioral Neurobiology, Institute of Neurobiology, Bulgarian Academy of Sciences, Sofia, Bulgaria

Vanda Tukacs     Department of Biochemistry, Institute of Biology, Eötvös Loránd University, Budapest, Hungary

Ece Türkyılmaz Uyar     Department of Psychiatry, University of Health Sciences Okmeydani Training and Research Hospital, Istanbul, Turkey

Sofia Uribe     Department of Psychiatry, Massachusetts General Hospital, Harvard Medical School, Boston, MA, United States

Krishna C. Vadodaria     Laboratory of Genetics, The Salk Institute for Biological Studies, La Jolla, CA, United States

Muriel Vicent-Gil     Group of Research in Psychiatric Disorders, Institute of Biomedical Research Sant Pau (IIB Sant Pau), Hospital de la Santa Creu i Sant Pau, Department of Psychiatry and Forensic Medicine, Universitat Autònoma de Barcelona (UAB), Barcelona, Catalonia, Spain

Erin B. Ware     Institute for Social Research, Survey Research Center, University of Michigan, Ann Arbor, MI, United States

 Priscilla Gomes Welter     Neuroscience Graduate Program, Center of Biological Sciences, Federal University of Santa Catarina, Campus Universitário Trindade, Florianópolis, SC, Brazil

Paulina Wigner     Laboratory of Medical Genetics, Department of Molecular Genetics, Faculty of Biology and Environmental Protection, University of Lodz, Lodz, Poland

Jesse Lee Wilde     Department of Psychology, The University of Western Ontario, London, ON, Canada

Chunfu Wu     Department of Pharmacology, Faculty of Life Sciences and Biological Pharmacy, Shenyang Pharmaceutical University, Shenyang, China

Jingyu Yang     Department of Pharmacology, Faculty of Life Sciences and Biological Pharmacy, Shenyang Pharmaceutical University, Shenyang, China

Jiang-Hong Ye     Department of Anesthesiology, Rutgers, The State University of New Jersey, New Jersey Medical School, Newark, NJ, United States

Jian Zhang

Mood Disorders Program, University Hospitals Cleveland Medical Center, Cleveland, OH, United States

Bipolar Disorder Department, Shenzhen Kangning Hospital, Shenzhen, Guangdong, People's Republic of China

Kuo Zhang     Department of Pharmacology, Faculty of Life Sciences and Biological Pharmacy, Shenyang Pharmaceutical University, Shenyang, China

Molly Zhang     Department of Neuroscience, Carleton University, Ottawa, ON, Canada

Sylwia Ziolkowska     Department of Medical Biochemistry, Medical University of Lodz, Lodz, Poland

Vadim Zotev     Laureate Institute for Brain Research, Tulsa, OK, United States

Qi Kang Zuo     Department of Anesthesiology, Rutgers, The State University of New Jersey, New Jersey Medical School, Newark, NJ, United States

Wanhong Zuo     Department of Anesthesiology, Rutgers, The State University of New Jersey, New Jersey Medical School, Newark, NJ, United States


Foreword

Jane Speight, Melbourne

The experience of depression on the individual is always significant. It can impact deleteriously on the overall quality of life and, indeed, when severe can also represent a threat to life through self-harm or suicide. At a social level, the impact of depression can be pervasive, affecting partners, siblings, and other family members, as well as friends and work colleagues. Depression is fundamentally insidious, affecting not only mental health, but also numerous aspects of everyday functioning and behaviors—e.g., sleep hygiene, the immune system, physical activity, eating patterns, alcohol use, prescribed and illicit drug use, violence—and, consequently, physical health can be severely compromised.

In the western world, there has never been a time (certainly not in living memory) when depression, and mental health more broadly, has been higher in the public consciousness. The COVID-19 pandemic has focused attention on the emotional and mental well-being of individuals under “lockdown” and the potential impact on their mental health, in terms of both anxiety and depression. While some appear to thrive, finding a new calm in a slower and potentially healthier pace of life, others have a very different experience, not all of which can be explained by factors such as employment and financial security. It is interesting to reflect that, in relation to etiology, depression was traditionally dichotomized into endogenous (occurring without apparent cause) and exogenous or reactive (due to an external factor, for example, job loss or bereavement). However, over recent years, models of depression, particularly those related to etiology have become more complex as the evidence base grows, diversifies, and flourishes. Moreover, these strands of research-informed evidence generation have distilled into distinct and what might be perceived as entirely separate strands, in particular genetic markers and factors, cellular mechanisms, neurobiological and neurological substrates, the behavioral sciences, and diet and nutrition.

Reflecting on my work in the psychological aspects of managing diabetes, and how this particular clinical presentation can impact all the components of quality of life, and vice versa, I have long considered that a multitude of factors—genetics, cell function, neurological, nutritional, psychological, and social—interact to create a unique impact on the well-being of the individual. That being said, we do not currently know exactly how these complex interactions may facilitate the manifestation or otherwise of acute or chronic conditions or, for that matter, the maintenance of health and homeostasis. Optimal clinical care will assume an interactional model. For example, in my field, optimal nutrition and physical activity are critical factors in reducing depressive symptoms (or risk) and optimizing clinical outcomes—but so are reducing social stigma and increasing social support. The burden of diagnosis may be accompanied, or even foreshadowed, by depression but also the course of the condition itself, changes in treatments, and the development of comorbid complications may also lead to changes in mood. It is also important to consider the impact of depression on behavior, thus the occurrence of depression may impact negatively healthy behaviors—e.g., sleep, eating patterns, and medication-taking—and, thus, the potential for a vicious downward spiral emerges, leading to relatively poorer health and prognosis.

While contemporary evidence-based medicine and clinical practice is undoubtedly advanced, we must always remember that the experience of depression is uniquely personal and quite often frightening and bewildering for the person concerned. Consequently, optimal clinical care is not just the application of science, but also the art of personal interactions, forming trusting relationships in which communication is open and bidirectional. The more we can do to understand depression and unpack the complex relationships between biological substrates, psychological functioning, and social context, the more we are able to offer truly individualized and person-centered care to improve outcomes for individuals.

Considering the above, I am delighted to offer this Foreword to this exciting new book on the psychobiological and psychophysiological aspects of depression. By bringing together leading experts in depression research for The Neuroscience of Depression: Genetics, Cell Biology, Neurology, Behavior and Diet, Professors Preedy and Martin and Drs. Rajendram, Hunter, and Patel have produced an authoritative and accessible text, which will be invaluable to clinicians, researchers, and importantly to students—our next generation of health professionals and academics. Grounded within the contemporary evidence base and representing the distillation of cutting-edge research, this volume will be a valuable resource for those wishing to understand the physiological mechanisms and interactions that contribute to the manifestation of depression.

May 2020

Professor Jane Speight is the foundation director of the Australian Centre for Behavioural Research in Diabetes, established in 2010 as a partnership for better health between Diabetes Victoria and Deakin University. She has a PhD in health psychology from Royal Holloway, University of London, is a chartered psychologist, a fellow of the British Psychological Society, and a fellow of the Royal Society of Medicine. She has published more than 160 peer-reviewed papers, largely on the psychological aspects of diabetes. Importantly, Jane places considerable emphasis on the translation of research into clinical practice and policy to improve the lives of people affected by diabetes. On behalf of Diabetes Australia, she is the National Diabetes Services Scheme (NDSS) Leader for the Mental Health and Diabetes National Priority Area. Through this, she developed and published the NDSS “Diabetes and Emotional Health Handbook and Toolkit” (2016), which has now been adapted as a Practical Guide for the UK health-care context by Diabetes UK (2019). The 2020 edition has been produced and is currently being adapted for two other English-speaking countries. In 2018, Jane was honored to be the subject of a Lancet Diabetes & Endocrinology Profile: “Jane Speight: tackling diabetes and its stigma Down Under.” In 2019, her profile was featured by The Lancet in a virtual collection to mark International Women’s Day: #LancetWomen.


Preface

Colin R. Martin, University of Hull


Lan-Anh Hunter, School of Primary Care, Thames Valley, Health Education England


Vinood B. Patel, University of Westminster


Victor R. Preedy, King’s College, London


Rajkumar Rajendram, King's College, London

The book The Neuroscience of Depression focuses on Genetics, Cell Biology, Neurology, Behavior, and Diet. Depression, also called major depressive disorder or clinical depression, is a mood disorder, with a persistent feeling of sadness and loss of interest. The symptoms of depression are far ranging from mild to severe and encompass disturbed sleep, lack of energy, loss of libido, changes in appetite, continuous low mood, anxiety, low self-esteem, lack of motivation in life and suicidal thoughts, feeling helpless, and so on. Over time this may result in avoiding contact with family and friends with difficulties to motivate oneself to work. Depression has many causes, but ultimately can affect anyone in their life, from childhood events, following delivery, or due to other medical conditions such as cancer, heart disease, and Parkinson’s disease. As discussed in these volumes, there are different causes of depression from cellular, molecular to genetic changes, as well as social or life events. As a consequence, various diagnostic tools can be used, resulting in psychological, pharmacological, or alternate treatments for moderate-to-severe depression. New tools and approaches are constantly being developed, with the goal to promote mental health and well-being. Furthermore, studies showing the beneficial effects of plant or natural extracts provide the foundation for further rigorous studies in clinical trials.

Here is this book The Neuroscience of Depression: Genetics, Cell Biology, Neurology, Behavior, and Diet. The book contains five sections. Part 1 covers the Genetic Aspects of Depression; chapters include genetics, epigenetics and nuclear DNA in depression, molecular aspects of postpartum depression, tryptophan and metalloproteinases genes, linking gene regions with environment and depression. Part 2 Molecular and Cellular Effects of Depression includes chapters on cortical gene expression, mRNA translation and serotonin, cytokines related to depression, brain inflammasomes and inflammatory factors, role of glycogen synthase kinase 3, the NMDA receptor/NO/cGMP pathway, axonal transport proteins, and Wnt/beta-catenin signaling pathway in depression. Part 3 Neurological and Imaging Features includes chapters on SPECT and MRI imaging, NGF signaling in neuroplasticity, role of nesfatin-1, depression, and germ cells memory. Part 4 Behavior and Psychopathological Effects in depression includes chapters on cognitive function and neurocognitive deficits, body image and depression, sleep, anxiety and quality, reward processing, and sexual functioning in depression. Part 5 Diet, Nutrition, and Botanicals includes chapters on linking dietary glycemic index and depression, gut microbiota, antidepressant effects of Crocus sativus (saffron), mechanisms of action of herbal antidepressants, and dietary methyl donors.

Each chapter has key facts, Summary Points and a mini-dictionary. Finally we conclude with a chapter on resources and further reading, coverage includes:

Key Books and further reading

Key Societies

Key Research Organisations

Analytical Platforms

Governmental Bodies

Videos of relevance

Journals Covering Neuroscience and depression.

The book is designed for psychologists, psychiatrist, behavioral scientists, neurologists, pathologist, counsellors, and specialists, as well as other health care workers, nutritionists and scientists. Contributions are from leading national and international experts including those from world renowned institutions. It is suitable for undergraduate to graduates, lecturers, senior lecturers and professors as well as libraries.
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Genetic aspects of depression






Chapter 1: Epigenetics in depression
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Abstract

Recent studies have found the hypothesis that depression arises through the interaction between environmental and genetic factors alone to be insufficient, and research is now turning to a third factor, epigenetics. Epigenetic modifications, such as DNA methylation, histone posttranslational modifications, and microRNA interference, are thought to be able to modulate vulnerability to the disease after stressful events. Interestingly, several studies have indicated the potential for the microRNAs circulating in blood, plasma, or serum to be used as peripheral markers of depression. Moreover, recent studies have raised the possibility of therapeutic use; more precisely, histone deacetylase inhibitors may serve as new therapeutic agents due to their antidepressant properties. Although, a number of studies have examined the role of epigenetics in depression, we are only beginning to understand the exact mechanisms of its pathogenesis. Therefore, longitudinal studies are needed to further explore the promising value of epigenetic mechanisms.
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Introduction

A recent genome-wide association meta-analysis of 135,458 patients suffering from depression and 344,901 controls has identified 44 independent and significant loci (Wray et al., 2018); however, a further meta-analysis of studies on twins has found the heritability of the disease to be only 37% (Sullivan, Neale, & Kendler, 2000). Hence, the susceptibility to depression cannot be fully explained by changes in the DNA sequence. In addition, vulnerability to environmental stress is surprisingly varied, and only a fraction of individuals will be affected by depression after exposure to stress. Therefore, current perspectives are turning more to explaining the occurrence of depression through interactions between genetic and environmental factors (G × E—gene–environment), where the effect of the environment, such as the occurrence of stressful and traumatic life events, is modulated by the genotype and vice versa (Sun, Kennedy, & Nestler, 2013) (Fig. 1).

[image: Fig. 1]
Fig. 1 The interplays between environmental, genetic, and epigenetic factors, and their impact on phenotype.

In recent years, epigenetics has emerged as a possible third modulating factor. This phenomenon refers to the regulation of gene activity and expression which is not encoded by the DNA nucleotide sequence, but is nevertheless potentially heritable and affected by environmental changes. Such epigenetic mechanisms facilitate cross talk between environment and genetic factors, and modulate their impact on the eventual phenotype. A growing number of reports indicate that epigenetic factors may play a crucial role not only in the formation and course of depression, but also in response to its pharmacotherapy; the latter is of particular interest since one-third of cases is drug resistant (Li et al., 2019; Uchida, Yamagata, Seki, & Watanabe, 2018). Three major epigenetic mechanisms controlling the expression of genetic information can be distinguished: (i) two modifications of cytosine, i.e., methylation of fifth carbon atom in its heterocyclic aromatic ring, resulting in the formation of 5-methylcytosine (5mC) (Chen, Meng, Pei, Zheng, & Leng, 2017) and further oxidation of 5mC giving 5-hydroxymethylcytosine (5hmC) (Kriaucionis & Heintz, 2009); (ii) chromatin remodeling via the introduction of covalent modifications such as methylation, phosphorylation, ubiquitination, acetylation, SUMOylation, serotonylation, citrullination, and ADP-ribosylation to core histones, mainly in the N-terminus flexible tail (Sun et al., 2013); and (iii) the action of small noncoding RNAs, among which microRNAs (miRNAs) are the most extensively studied class and able to posttranscriptionally modulate gene expression by mRNA degradation and/or translation repression (Catalanotto, Cogoni, & Zardo, 2016). Interestingly, these three mechanisms demonstrate cross talk between each other and coordinate their impact on phenotype, e.g., DNA methylation and chromatin remodeling can modulate the expression of miRNAs, whereas the presence of 5-methylcytosines recruits modification-introducing enzymes to histones.

The mechanisms of the pathogenesis of depression, including those related to epigenetic regulation, remain poorly understood, and studies conducted so far have not yielded definite conclusions. Nevertheless, this chapter attempts to summarize the current state of knowledge about this topic, and formulate key points that need to be addressed in future research.

DNA methylation

One of the most extensively studied epigenetics mechanisms in humans is DNA methylation. This modification, leading to the formation of 5-methylocytosine, is catalyzed by a family of DNA methyltransferases (DNMTs) (Fig. 2). In mammals, DNA methylation predominantly occurs at a palindromic sequence of cytosine-guanine dyads (CpG sites) within the promoter region, but has also been observed in the transcribed region of the gene. In the promoter region, hypermethylation has been found to lead to gene silencing while hypomethylation is associated with increased gene transcription; conversely, in the coding region, DNA methylation is associated with higher gene expression. However, it is still unclear how this process occurs. There are two hypothesized mechanisms explaining how the presence of 5mC could affect gene expression: (i) a direct mechanism, in which 5mC prevents transcription by reducing access of transcription factors to regulatory elements; (ii) an indirect mechanism, where 5mC could establish gene silencing by cooperating with histone modifications. It has been proposed that this interrelation may be mediated by proteins such as zinc finger and BTB domain containing protein 33 (ZBTB 33), methyl-CpG binding protein 2 (MeCP2), and methyl-CpG binding domain protein 1 (MBD1), which display methyl DNA-binding activity and the ability to recruit a protein complex containing histone deacetylases (HDACs) and methyltransferases (Chen et al., 2017; Kondo, 2009).

[image: Fig. 2]
Fig. 2 Methylation and demethylation occurring in cytosine residues.

In the human genome, 5mC plays a pivotal role in many biological processes such as gene imprinting, chromosomal inactivation, cell differentiation, and the silencing of repetitive elements, and approximately 3% of cytosines are methylated (Nafee, Farrell, Carroll, Fryer, & Ismail, 2008). Although DNA methylation markers are stable, the process is reversible and methyl groups can be removed by enzymatic catalysis. One of the proposed mechanisms by which demethylation can occur is mediated by ten-eleven (Tet) enzymes. Specifically, Tet enzymes are able to add a hydroxyl group to methyl group of 5mC and form 5hmC, which was first discovered in mammals in 2009 (Kriaucionis & Heintz, 2009) (Fig. 2). Furthermore, 5hmC was found to be abundant in neuronal cells of the central nervous system, which could indicate the importance of this mechanism in the brain.

DNA methylation is among several epigenetics modifications that may play an important role in mediating the effects of stress and could be considered as proposed mechanism in the development of experience-driven changes to the brain; this is an especially interesting possibility in the context of neuropsychiatric diseases. Recent evidence indicates that alterations in DNA methylation, i.e., both hyper- and hypomethylation at the same loci, as well as methylation variance, are frequently present in depressed individuals (Lin & Tsai, 2019).

Early-life events, DNA methylation, and depression

Epigenetic modifications occurring in early life and even in utero may have long-term effects in later age. The first information about DNA methylation in depression was based on studies on animal models. Animals exposed to stress at an early age showed changes in methylation patterns which may last for a lifetime and increased vulnerability to stress. These results were later confirmed in human studies. An interesting model in this regard is that based on monozygotic twins, whose DNA sequence may be virtually identical but epigenetic profiles can differ due to environmental or stochastic factors (Saavedra, Molina-Márquez, Saavedra, Zambrano, & Salazar, 2016). DNA methylation studies using differentially methylated probes and variably methylated probes in monozygotic twins confirmed a relationship between changes in methylation and the presence of altered psychological characteristics (Córdova-Palomera et al., 2015).

Different gene methylation profiles in depression models

The first genome-wide DNA methylation scan in patients with depression identified altered DNA methylation in 224 gene regions connected with neuronal growth and development (Sabunciyan et al., 2012). It has been demonstrated that increased DNA methylation of the brain-derived neurotrophic factor (BDNF) gene, encoding the protein responsible for regulating neuron growth, differentiation and maintenance, as well as plasticity and cognitive function, is associated with depression in the human population (Fuchikami et al., 2011). Increased methylation of CpG in its promoter correlates with significantly lower synthesis in neurons, and such increases have been observed in patients with depressive symptoms, as well as in subjects with suicidal ideation (Fuchikami et al., 2011; Januar, Ancelin, Ritchie, Saffery, & Ryan, 2015; Kang et al., 2013). However, there are also studies indicating lowered DNA methylation level in depressed individuals (Chen et al., 2017). Interestingly, decrease in BDNF methylation has been observed in depressed patients undergoing antidepressant treatment (D’Addario et al., 2013). Furthermore, maternal depressive symptoms during the prenatal period are frequently associated with hypomethylation of the BDNF promoter in infants (Braithwaite, Kundakovic, Ramchandani, Murphy, & Champagne, 2015). This has also been confirmed by animal studies, where changes in methylation were found in rats subjected to an animal model of childhood maltreatment, suggesting it may be associated with stressful early-life experience (Lin & Tsai, 2019; Roth, Lubin, Funk, & Sweatt, 2009). The same trend is observed in case of solute carrier family 6 member 4 (SLC6A4, encoding serotonin transporter—SERT) gene, which has been especially well studied in the context of serotonergic signaling in depression; however, most recent evidence demonstrates that SLC6A4 displays increased DNA methylation in depressive disorders (Chen et al., 2017; Kang et al., 2013). In addition, similar to BDNF, maternal depressed mood in pregnancy is connected with decreased methylation status in newborns (Chen et al., 2017). Methylation of the nuclear receptor subfamily 3, group C, member 1 (NR3C1) gene may account for the dysregulation of the HPA (hypothalamic–pituitary–adrenal) axis, which is frequently observed in depression (Chen et al., 2017). However, despite wide research, results are inconsistent; while evidence exists for the hypermethylation of NR3C1 gene in depressed women and their offspring, recent research reports no such association between its methylation and depression (Chen et al., 2017). To conclude, DNA methylation could be one of the epigenetic mechanisms by which the environment and stressors may exert long-term effects on the phenotype via gene expression, influencing individuals in the course of depression.

Histone modifications

Histone modifications are covalent, posttranslational modifications (PTMs) associated with the regulation of gene expression. Here, the working hypothesis assumes that the sum of these modifications, the so-called “histone code,” affects the structure of chromatin and thus the expression of target genes. Among the range of possible PTMs, acetylation and methylation seem to have the greatest impact on chromatin structure and are the most intensively studied in the context of depression (Saavedra et al., 2016). In acetylation, histone acetyltransferases (HATs) unfold the chromatin molecule, thus revealing attachment sites for transcription factors, while histone deacetylases (HDACs) condense the chromatin by removing the acetyl group from the histone tail, thus limiting access of transcription factors to DNA and reducing gene expression (Fig. 3). Methylation is mediated by histone methyltransferases (HMTs) and demethylases (HDMs), which accordingly add or remove methyl groups to arginine, histidine, or lysine residues. In contrast to acetylation, the impact on gene expression depends on the location of the methylated residue and degree of its methylation, i.e., mono-, di-, or tri-methylation (me1 et al., 2, or 3, respectively) (Table 1). For example, H3K4me2/3 can activate transcription, while H3K27me3 inhibits it (Bagot, Labonte, Pena, & Nestler, 2014).

[image: Fig. 3]
Fig. 3 The function of acetyltransferases and deacetylases in the regulation of gene expression. Binding of acetyl group causes chromatin to unfold, whereas removal of acetyl group results in tightly folded chromatin. Inhibition of HDACs relaxes chromatin and facilitates binding of transcription factors to genes such as BDNF and CREB.
Table 1

Histone code.	Modification	Site	Transcriptional role
	Acetylation	H2A (K4a, K5b, K7a)
H2B (K5, K11a, K12b, K15b, K16a, K20)
H3 (K4a, K9, K14, K18, K23, K27, K36, K56a)
H4 (K5, K8, K12, K16, K91a)	Activation
	Methylation	H1K26
H3 (R2, K9, K27)
H4 (K20, K59)	Repression
	H3 (R17, R26, R42, K4, K36, K79)	Activation
	H2AR3
H3R8
H4R3	Activation/Repression
	How to read denotations of histone code?
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aS. cerevisiae.

b Mammals.


Histone acetylation and depression

The importance of acetylation in the course of depression was first noticed in animal models. Studies conducted on a stressed C57BL/6 J mouse model confirmed that after chronic social stress, acetylation of lysin-14 of histone H3 in the nucleus accumbens (NAc) first decreased for a transient period and then gradually increased (Covington et al., 2009). This region of the hypothalamus plays a role in the cognitive processing of learning, motivation, reward, and aversion. Moreover, higher acetylation levels result in reduced HDAC2 levels. Interestingly, animal models expressing dominant-negative HDAC2 in the NAc exhibited more antidepressant behavior than models that overexpressed S-nitrosylation sites, which lacked the HDAC2 variant that strongly binds to chromatin (Uchida et al., 2011) Therefore, it was hypothesized that systemic or intracerebral administration of HDAC inhibitors (HDACi) could be used in pharmacotherapy. Accordingly, the administration of entinostat (MS275), belonging to HDACi, has improved the antidepressant response in social defeat model based on the study conducted on C57/Bl6J male mice (Covington et al., 2009).

However, the opposite situation is observed for HDAC5. It has been found to be downregulated in mouse models subjected to chronic social defeat stress, while treatment with an antidepressant (imipramine) causes its upregulation. In addition, HDAC5 knockout animals that were subjected to chronic stress showed increased depressive-like behavior. These findings may suggest that genes targeted by HDAC2 may mediate antidepressant responses, whereas those associated with HDAC5 might have the opposite, depression-related role (Renthal et al., 2007).

Many studies have shown that histone acetylation in the hippocampus varies in response to stress and antidepressants; both mouse and rat models displayed increased histone acetylation after being exposed to various stressors. For instance, mice with lower levels of anxiety had downregulated HDAC3, higher levels of acetylated H3 and H2B histones, and greater levels of HATs in their hippocampus (Hollis, Duclot, Gunjan, & Kabbaj, 2011). Interestingly, the administration of HDACi directly to this part of the brain caused a reversal of the anhedonia, without affecting other symptoms, such as social exclusion (Covington, Vialou, LaPlant, Ohnishi, & Nestler, 2011). There is also some evidence suggesting peripheral dysregulation of histone acetylation; studies conducted on peripheral blood cells indicated the elevated levels of HDAC2 and HDAC5 in depressive patients but not in those in remission (Hobara et al., 2010). These findings indicate that changes in histone acetylation in the brain might play an adaptive and pro-depressive role in the course of this disease.

Histone methylation and depression

Of all amino acid residues known to be methylated in histones, the effect of lysine methylation on gene expression, catalyzed by lysine methyltransferases (KMTs), is best understood. Studies have found that after social defeat, NAc KMT expression was reduced in stress-susceptible mice but upregulated in the resilient animals. In addition, Covington et al. (2011) indicated that H3K9me2 associated with transcriptional repression was reduced only in susceptible mice, and overexpression of G9a (a KMT) in the NAc of mice caused antidepressant-like behavior; interestingly, its knockdown resulted in the opposite effect, suggesting that histone methylation may have a pro-adaptive action in response to stress. Wilkinson et al. (2009) reported the presence of widespread changes in H3K9/K27 methylation in the chromatin in mice after social defeat or social isolation, the majority of which are reversible after chronic administration of antidepressant drugs. Interestingly, while acute and subchronic stress increased H3K9me3 level in the hippocampus (Hunter, McCarthy, Milne, Pfaff, & McEwen, 2009), it was reduced by chronic stress, and this change was reversible by antidepressant treatment. Hence, it appears that H3K9me3 may play an adaptive role in depression, especially since the enzymes catalyzing its creation have antidepressant properties.

The BDNF gene is not only targeted by DNA methylation but also by the PTMs of histones. For instance, electroconvulsive shock has been shown to induce the acetylation of H3 and H4 histones located near the BNDF promoter in the hippocampus, while chronic social defeat stress reduces BDNF expression and increases the level of H3K27me2 in BDNF promoters. It can be therefore assumed that histone modifications are related to depression-related behavior (Tsankova, Kumar, & Nestler, 2004).

HDAC inhibitors as antidepressants

Based on the studies provided in the previous section it is possible that HDACi could be used as antidepressants or as adjuvant drugs. Accordingly, treatment with sodium butyrate, an HDACi, was able to prevent and normalize the effects of a chronic restraint stress model in mice (Han, Sung, Chung, & Kwon, 2014). However, no such effect was observed after the administration of fluoxetine, a selective serotonin reuptake inhibitor widely used as an antidepressant and an anxiety treatment (Misztak, Panczyszyn-Trzewik, & Sowa-Kucma, 2018). Injections of other HDACis, such as suberoylanilide hydroxamic acid (SAHA; vorinostat) or MS275, into the NAc of mice subjected to chronic social defeat stress reversed the stress-induced social avoidance and increased the time spent on social interactions. Moreover, antidepressant-like activity was observed in sucrose intake test following MS275 administration (Misztak et al., 2018).

Unfortunately, the initial promising results regarding HDACi usage in antidepressant therapy have been quenched due to their lack of specificity, resulting in the activation of untargeted genes, including oncogenes, during long-term administration. This phenomenon causes side effects such as diarrhea, nausea, and fatigue (Misztak et al., 2018). A single administration of HDACis was not enough to obtain an antidepressant-like effect, and often drugs had to be administered chronically; in addition, due to their low specificity and the limited penetration of the blood–brain barrier, the drugs also needed to be administered at higher doses (Fuchikami et al., 2016; Misztak et al., 2018).

Histone modification associated with gestational stress and gender differences

Studies on pregnant mice showed that exposure to stress during pregnancy negatively affects offspring. They exhibited depressive and anxiety behaviors, upregulated HDAC1 and HDAC2 expression, as well as reduced BDNF expression and lowered H3K14ac levels in the hippocampus (Zheng, Fan, Zhang, & Dong, 2016). It was also found that G9a/GLP (G9a-like protein) inhibition yields different effects when applied to adult mice and fetuses; adult mice demonstrated reduced anxiety-like behaviors and decreased H3K9 methylation in the brain, while adults demonstrated increased anxiety-like behaviors and decreased social interaction, with a normal H3K9me level when the inhibitors were administered in the embryonic stage. Results suggest that the effect of G9a/GLP depends on the stage of brain development (Wang et al., 2018).

Histone modifications have also been found to regulate brain development and sexual behavior. Males and females demonstrate differences in the acetylation of H3 and H4 histones in the estrogen receptor alpha promoter regions within the brain during prenatal development (Hodes, Walker, Labonté, Nestler, & Russo, 2017). Interestingly, epigenetic changes in histones can affect brain areas that differ between the sexes, and these dimorphic areas may be associated with anxiety. One such area is the bed nucleus of the stria terminalis (BNST), whose activity correlates with monitoring of risk, and which is masculinized by a combination of histone H3 lysine-9 and 14 acetylation and testosterone exposure during the early postnatal period (Bangasser & Shors, 2008). Men have a larger BNST volume than women, and treatment with HDACi during the critical period in men leads to feminized BNST (Murray, Hien, de Vries, & Forger, 2009). Despite the fact that depression occurs more frequently in women than in men, more studies have been performed on the latter. Unfortunately, studies that also included women did not analyze gender differences in histone modifications.

miRNA mechanisms of action

Currently, miRNAs are the most extensively studied group of ncRNAs. These single-stranded, RNAs typically measuring about 21-nucleotides in length utilize various mechanisms to trigger downregulation of their target mRNAs. They are initially transcribed as long primary miRNAs (pri-miRNAs) which are then shortened to precursor miRNAs (pre-miRNAs) and finally to miRNA duplexes (ds-miRNAs). These duplexes, together with Argonaute, Dicer, and trans-activation response RNA-binding protein, formulate the RNA-inducing silencing complex (RISC) in the cytoplasm. Following this, one of the ds-miRNA strands is removed, creating a so-called miRISC, and repression mechanisms are initiated by Watson-Crick pairing between the seed region of mature miRNA, located between positions 2 and 8 in the 5′ end, and the responsive element, which is present mainly in the 3 untranslated region (UTR), but also in the 5′-UTR and gene coding sequence (Bartel, 2009).

Repression is enacted by hindering translation or performing mRNA degradation; however, the newest model assumes that these two mechanisms are linked to each other and the former is preceded by the latter. Yet increasing amount of data suggests that miRISCs are not only involved in posttranscriptional gene regulation in cytoplasm, but are also present in nuclei, where they are able to inhibit or even activate transcription. Interestingly, each miRNA is able to regulate hundreds of genes through these nuclear and cytoplasmic mechanisms (Catalanotto et al., 2016). By doing so, they exert a huge influence on both the transcriptome and the proteome, and are thought to play a pivotal role in etiopathogenesis of many diseases, including depression. Indeed, in recent years, disturbances in the expression of several dozen miRNAs have been associated with a response to acute and chronic stress, as well as the occurrence and therapy of depression, by clinical and preclinical studies and those based on animal models (Dwivedi, 2016; Issler et al., 2014; Lopez et al., 2014).

miRNAs and neuroplasticity in depression

A growing body of evidence based on research using various types of chronic stress models in rodents, postmortem samples from depressed patients, or neuroimaging methods supports the theory that depression is associated with impairment in neuronal and structural plasticity (Uchida et al., 2018). Interestingly, neuroplasticity seems to be heavily regulated by epigenetic mechanisms, including miRNAs (Fig. 4). Indeed, several candidates are thought to control these process, including miR-134, miR-132, miR-124, miR-138, miR-125b, and miR-9 (Dwivedi, 2016), of which the first three are closely linked with BDNF, CREB (cAMP response element-binding protein), and SIRT1 (Sirtuin 1) insofar that either their expression is regulated by these proteins or vice versa (Smalheiser, 2014). Since the proteins have been found to be involved in the pathogenesis of depression, this clearly indicate that miRNAs could mediate the interaction between disturbances of neuroplasticity and the occurrence of the disease.
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Fig. 4 Dysregulation of microRNA and their impact on the brain. Two microRNAs, miR-16 and miR-132, have been found to be upregulated peripherally, while miR-135a was found to be downregulated both peripherally and in the brain, rising question whether level of circulating microRNAs is somehow associated with their counterparts in brain.

miRNAs and animal models of depression

The involvement of miRNAs in depression has not only been confirmed indirectly, but also directly through the use of validated animal models of the disease based on stress-inducing methods. Although it could be argued that the results obtained from such models are hard to interpret and cannot be easily extrapolated into humans, they nevertheless provide valuable insights into the relationship between brain tissue, which can be obtained only post mortem, and peripheral tissue, where useful diagnosis markers can be found. These studies identified several miRNAs whose expression was altered in the various brain parts of rats exposed to stress; among them, the expression of miR-125a and miR-182 was restored after the administration of drugs (Cao, Chen, Zhang, & Wu, 2013; Rinaldi et al., 2010). In addition, resilient rats showed significantly larger downregulation of 12 miRNAs encoded by shared polycistronic loci in their frontal cortex than those which developed depressive symptoms after repeated inescapable shock, indicating that miRNAs may modulate susceptibility to the disease (Smalheiser et al., 2011). The presence of miRNAs also seems to determine, to a certain degree, the symptoms that may surface, since anhedonia after chronic unpredictable stress was present only in rats with high hippocampal expression of Let-7a (Bai et al., 2014). Finally, it was demonstrated that miRNAs may also be responsible for parental imprinting; their expression was found to be altered in the sperm of mice exposed to stress, and these differences were found to cause changes in HPA axis of their offspring (Rodgers, Morgan, Bronson, Revello, & Bale, 2013).

miRNAs and postmortem brain

The number of postmortem studies on human brains is limited and involves mainly subjects who committed suicide. One such study found that the miRNAs that were dysregulated in the dorsolateral prefrontal cortex of depressed patients are able to regulate genes involved in cellular growth and differentiation (Smalheiser et al., 2011). Another study on miRNA expression in brain and blood found miR-135a to be downregulated in both tissues (Issler et al., 2014). Interestingly, this miRNA is involved not only in neuroplasticity, but also in controlling serotonergic (5HT) neuron activity, and the authors suggest that it might be crucial for positive response to the pharmacotherapy (Fig. 4).

miRNAs as a peripheral markers of depression

Several studies have explored the possibility of using miRNAs circulating in blood, plasma, or serum as peripheral markers of depression. A recent review identified 23 such studies on humans and 6 performed on animals (Yuan, Mischoulon, Fava, & Otto, 2018). Although 178 miRNAs were found to be dysregulated in depressed patients, i.e., 97 were upregulated, 75 were downregulated, and 6 were up- or downregulated depending on the study, the authors emphasize that little replication could be found across the studies; among all of the molecules, only the results for miR-132 were replicated four times, while miR-16 was present in two animal studies, which utilized different stress-inducing models (Fig. 4). miR-132 was also found to influence neuroplasticity by affecting the expression of BDNF (Smalheiser, 2014). miR-16 targets SERT, and in a study of stressed mice, its level was found to be either up- or downregulated, depending on the brain region, following chronic administration of fluoxetine; this treatment also prevented the surfacing of depression-like symptoms (Baudry, Mouillet-Richard, Schneider, Launay, & Kellermann, 2010). These results could indicate the mechanism which links the peripheral and brain levels of miRNAs; however, very little is known about how this link manifests itself and how circulating miRNAs can affect expression in the brain (Yuan et al., 2018).

Conclusion

To date, much work has been carried out to elucidate the role of epigenetic mechanisms in depression. It seems that epigenetic changes are involved in neuroplasticity and the mechanisms of antidepressant action, and could be used as disease markers. Moreover, the compounds that affect these changes were found to have therapeutic properties. However, as many discrepancies exist between the studies, it was recently suggested that particular issues concerning methodology should be addressed in future research (Yuan et al., 2018). Although it appears that the previous studies have only scratched the surface of this topic, the implications they have hinted at regarding the epigenetic mechanisms involved in the pathogenesis of depression and the promising results achieved so far give hope that further studies will yield much needed major breakthroughs.

Key facts of epigenetics
	• There are three major epigenetic mechanisms controlling expression of genetic information: DNA methylation, histone posttranslational modifications, and microRNA interference.
	• DNA methylation leads to the formation of 5-methylcytosine via covalent addition of a methyl group to the C-5 position of cytosine in the DNA molecule by DNA methyltransferases.
	• In mammals, DNA methylation predominantly occurs at palindromic sequences of cytosine-guanine dyads (CpG sites) within the promoter region, but also in transcribed region of the gene.
	• It is established that the hypermethylation leads to gene silencing, while hypomethylation is associated with increased gene transcription.
	• Histone modifications are covalent, posttranslational modifications that have been associated with the regulation of gene expression.
	• Among the histone modifications, acetylation and methylation appear to have the greatest influence on chromatin structure.
	• microRNAs are the most extensively studied group among noncoding RNAs, which play important roles in the silencing and posttranscriptional regulation of gene expression.


Summary points
	• Etiopathogenesis of depression can be explained through interactions between the genetic and environment factors mediated by epigenetic mechanisms.
	• DNA methylation alterations are frequently observed in depressed individuals.
	• Exposure to stress at an early age causes changes in methylation patterns that may last for a lifetime and increase vulnerability to depression.
	• Histone acetylation and methylation are the most significant epigenetic changes associated with the development of depression.
	• HDAC inhibitors are promising candidates for new lines of antidepressants.
	• Dysregulation of miRNA expression may be implicated in depression occurrence and therapy.
	• The circulatory miRNAs levels are somehow linked to those of their counterparts in the brain and could be used as markers of depression.


Mini-dictionary of terms

GxE Gene–environment interactions; interactions between genetic and environmental factors, where the effect of the environment depends on the genotype and vice versa.

Epigenetics The study of changes in gene function that are mitotically and/or meiotically heritable and that do not involve alterations in the DNA sequence; specifically, the interaction of genetic factors, environment, and the developmental processes through which the genotype is expressed in the phenotype.

miRNA—microRNA A single-stranded, noncoding RNA molecule containing about 21–23 nucleotides that functions in the silencing and posttranscriptional regulation of gene expression.

DNA methylation Enzymatic modification of DNA involving covalent addition of a methyl group to the C-5 position of cytosine residues in the DNA molecule by DNA methyltransferases, which may result in changes in gene expression.

CpG CpG dinucleotides are regions of DNA where a cytosine nucleotide is followed by a guanine nucleotide; and regions of DNA where the frequency of CpG is 10 times greater than average are called CpG islands.

Histone modification Covalent, posttranslational modifications that are associated with the regulation of gene expression and DNA repair, for example, methylation, phosphorylation, ubiquitination, acetylation, SUMOylation, serotonylation, citrullination, and ADP-ribosylation.

Histone code The hypothesis that the products of gene expression, i.e., proteins, could be regulated through changes appearing in histone structure.
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