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Preface

Epigenetics, which literally means above or in addition to genetics, is a neologism that was coined in
the 1940s by the British scientist Conrad H. Waddington, combining the words epigenesis (embryonic
development) and genetics. Epigenetics has been an active area of research in biomedicine for the
past few decades, and in the last decade has become an active area of research in psychiatry.

This book summarizes the findings of research on epigenetics in psychiatry to date. As is evident
from many of the chapters of the book, we are presently in the very early stages of this sub-speciality
of psychiatry. Although epigenetics holds great promise in illuminating the causes of psychiatric dis-
orders and improving the clinical management of patients with these disorders, there is a long way to
2o before epigenetics achieves these goals. We hope that this book will help move the subject of epi-
genetics in psychiatry forward in order for these goals (o be achieved.

This book has been written by an international team of experts whom we thank for their excellent
contributions. As far as was possible we tried to make sure that there was a common thread running
through the book: the correlation of epigenetics in psychiatry with genetics, transcriptomics, and pro-
teomics. The book is comprehensive in its coverage of the subject and is likely to be of interest and
use o a wide readership including students and residents in psychiatry, clinical psychiatrists, labora-
tory researchers, and workers in the pharmaceutical industry dealing with psychotropic drugs. We
would like to thank those at Elsevier for their help. In particular we wish to thank Graham Nisbet for
his efforts in initiating the writing of the book and Catherine (Cassie) Van Der Laan for her efforts in
bringing the book to completion.

Jacob Peedicayil, Vellore, India
Dennis R. Grayson, Chicago, USA

Dimitrios Avramopoulos, Baltimore, USA






About the Editors

Dr Jacob Peedicayil completed his MBBS in 1984 and MD in pharmacology in 1991, both at the
Christian Medical College, Vellore, India. From 1993 to 1995 he did a Post-Doctoral Fellowship at the
Centre for Cellular and Molecular Biology, Hyderabad. From 1995 to 1998 he worked as a Research
Fellow in the Department of Neurological Sciences, Christian Medical College, Vellore. Since 1998
he has been on the faculty of the Department of Pharmacology and Clinical Pharmacology, Christian
Medical College, Vellore, becoming a professor in 2007. He does theoretical research on epigenetics,
focusing on epigenetics in psychiatry. In addition, he is involved in experimental research in smooth
muscle pharmacology.

Dr Dennis R. Grayson has been interested in mechanisms associated with gene expression for over
35 years. He joined the laboratory of Dr James E. Darnell at the Rockefeller University in 1984 to
study cell-type specific transcription factors and their interaction with promoters and enhancers. In
1988, Dr Grayson joined the Fidia-Georgetown Institute for the Neurosciences to study gene expres-
sion programs in neurons and continued this research program at Allegheny Singer Research Institute
in Pittsburgh from 1994 to 1998. He continued his interests in psychiatry and joined the Psychiatric
Institute in 1998. This represented a unique opportunity to pursue the molecular underpinnings of
schizophrenia. Dr Grayson has received NRSA post-doctoral support, ROl and K04 funding from the
National Institutes of Health to support his work. He has published over 100 papers in peer-reviewed
journals and is regularly invited to speak at numerous national and international meetings.

Dr Dimitrios Avramopoulos received his MD from the University of Athens, Greece and his PhD
from the University of Crete for his work on mapping human genes on chromosome 21 and decipher-
ing the origin of chromosomal non-disjunction in trisomy 21, mentored by Dr Stylianos Antonarakis.
He undertook his post-doctoral work at Johns Hopkins University where he became a faculty member
in the Department of Psychiatry in 2002. He is currently on the faculty of the Institute of Genetic
Medicine and the Department of Psychiatry at Johns Hopkins University where he works on the
genetics of psychiatric disorders. He is interested in the identification of disease causing variants in
the genome and the mechanisms through which they affect the brain, individually or in combinations,
through the disruption of functional networks and the regulation of the corresponding genes.

xxiii






List of Contributors

Hamid Mostafavi Abdolmaleky
Department of Medicine & Department of Genetics and Genomics,
Boston University School of Medicine, Boston, Massachusetts, USA

Alexander Ambrosini
University of Pennsylvania, Philadelphia, Pennsylvania, USA

Dimitrios Avramopoulos

McKusick—Nathans Institute of Genetic Medicine, The Johns Hopkins University School of
Medicine, Baltimore, Maryland

Nathalie G. Bérubé
Departments of Paediatrics and Biochemistry, Schulich School of Medicine and Dentistry,

University of Western Ontario, London, Canada; Children’s Health Research Institute, London,
Canada

Carolyn Bernacki
Rowan College of Medicine, Stratford, New Jersey, USA

Natalie J. Beveridge
John Curtin School of Medical Research, ANU College of Medicine, Biology, and Environment,
The Australian National University, Canberra, Australia

Unis Ahmad Bhat
CSIR—Centre for Cellular and Molecular Biology, Hyderabad, India

Marco P.M. Boks

Brain Center Rudolf Magnus, Department of Psychiatry, University Medical Center Utrecht,
Utrecht, The Netherlands

Charles Bongiorno
Jefferson Medical College, Philadelphia, Pennsylvania, USA

Angela Bustamante
Center for Molecular Medicine and Genetics, Wayne State University School of Medicine, Detroit,
Michigan, USA

Sumana Chakravarty
CSIR-Indian Institute of Chemical Technology, Hyderabad, India

Fabio Coppede
Department of Translational Research and New Technologies in Medicine and Surgery, Division
of Medical Genetics, University of Pisa, Pisa, Italy

Erbo Dong
Department of Psychiatry, College of Medicine, University of lllinois, Chicago, lllinois, USA

Josephine Elia
A.l. duPont Hospital for Children, Wilmington, Delaware, USA



XXVi List of Contributors

Tamara Brook Franklin
Gross Laboratory, European Molecular Biology Laboratory Monterotondo, Monterotondo, Italy

Dennis R. Grayson
Department of Psychiatry, College of Medicine, University of lllinois, Chicago, lllinois, USA

Andrea L. Gropman

Neurogenetics and Neurodevelopmental Pediatrics, Children’s National Medical Center and
George Washington University of the Health Sciences, Washington, DC, USA

Alessandro Guidotti

Department of Psychiatry, College of Medicine, University of lllinois, Chicago, lllinois, USA

Praveer Gupta
PAHL Nanobiotherapeutics Pvt. Ltd., IKP Knowledge Park, Hyderabad, India

Hakon Hakonarson

Children’s Hospital of Philadelphia, University of Pennsylvania, Philadelphia, Pennsylvania, USA
Benjamin Hing

Department of Psychiatry, University of lowa Carver College of Medicine, lowa City, lowa, USA

Richard G. Hunter

Department of Psychology, Developmental and Brain Sciences, University of Massachusetts,
Boston, Massachusetts, USA

Takuya Imamura

Department of Stem Cell Biology and Medicine, Graduate School of Medical Sciences, Kyushu
University, Maidashi, Higashi-ku, Fukuoka, Japan

Zachary A. Kaminsky
The Mood Disorders Center, Department of Psychiatry and Behavioral Sciences, The Johns
Hopkins University School of Medicine, Baltimore, Maryland, USA

Richard Kingsley
A.l. duPont Hospital for Children, Wilmington, Delaware, USA

Jamie M. Kramer
Department of Biology, University of Western Ontario, London, Canada; Department of

Physiology and Pharmacology, Schulich School of Medicine and Dentistry, University of Western
Ontario, London, Canada

Arvind Kumar
CSIR—-Centre for Cellular and Molecular Biology, Hyderabad, India

Marija Kundakovic
Department of Psychology, Columbia University, New York, New York, USA

Benoit Labhonté

Icahn School of Medicine at Mount Sinai, Fishberg Department of Neuroscience, New York,
New York, USA

Richard Lee
Department of Psychiatry, The Johns Hopkins University School of Medicine,
Baltimore, Maryland, USA



List of Contributors  xxvii

Pierre-Eric Lutz

McGill Group for Suicide Studies, Douglas Mental Health University Institute, Montreal,
Quebec, Canada

Hari Manev

The Psychiatric Institute, Department of Psychiatry, University of Illinois at Chicago, Chicago,
lllinois, USA

Stephanie Matt
Department of Psychology, University of Delaware, Newark, Delaware, USA

lan Maze

Laboratory of Chromatin Biology and Epigenetics, The Rockefeller University, New York,
New York, USA

Patrick 0. McGowan

Centre for Environmental Epigenetics and Development, Department of Biological Sciences,
University of Toronto, Ontario, Canada

Chris Murgatroyd

School of Healthcare Science, Manchester Metropolitan University, Manchester, United
Kingdom

Kinichi Nakashima

Department of Stem Cell Biology and Medicine, Graduate School of Medical Sciences, Kyushu
University, Maidashi, Higashi-ku, Fukuoka, Japan

Makiko Okuyama
National Center for Child Health and Development, Tokyo, Japan

Bidisha Paul
Department of Biology, University of Alabama at Birmingham, Birmingham, Alabama, USA

Jacob Peedicayil

Department of Pharmacology and Clinical Pharmacology, Christian Medical College, Vellore,
India

James B. Potash

Department of Psychiatry, University of lowa Carver College of Medicine, lowa City,

lowa, USA

R Gajendra Reddy
CSIR-Indian Institute of Chemical Technology, Hyderabad, India

Eric D. Roth
Department of Psychology, University of Delaware, Newark, Delaware, USA

Tania L. Roth
Department of Psychology, University of Delaware, Newark, Delaware, USA

Aya Sasaki
Centre for Environmental Epigenetics and Development, Department of Biological Sciences,
University of Toronto, Ontario, Canada



xxviii  List of Contributors

Sarah Adams Schoenrock

Department of Psychiatry, School of Medicine & Neurobiology Curriculum, University of North
Carolina, Chapel Hill, North Carolina, USA

Gen Shinozaki
Department of Psychiatry, University of lowa Carver College of Medicine, lowa City, lowa, USA

Lisa M. Tarantino

Department of Psychiatry, School of Medicine & Division of Pharmacotherapy and Experimental
Therapeutics and Institute for Pharmacogenomics and Individualized Therapies, Eshelman
School of Pharmacy, University of North Carolina, Chapel Hill, North Carolina, USA

Sam Thiagalingam

Department of Medicine, Biomedical Genetics Section & Department of Genetics and
Genomics & Department of Pathology and Laboratory Medicine, Boston University School of
Medicine, Boston, Massachusetts, USA

Trygve 0. Tollefsbol

Department of Biology, Comprehensive Center for Healthy Aging, Comprehensive Cancer Center,
Nutrition Obesity Research Center, Comprehensive Diabetes Center, University of Alabama at
Birmingham, Birmingham, Alabama, USA

Satoshi Toyokawa
Department of Health Policy, School of Public Health, The University of Tokyo, Japan

Gustavo Turecki

McGill Group for Suicide Studies, Douglas Mental Health University Institute, Montreal, Quebec,
Canada

Monica Uddin

Center for Molecular Medicine and Genetics, Wayne State University School of Medicine, Detroit,
Michigan; Department of Psychiatry and Behavioral Neurosciences, Wayne State University
School of Medicine, Detroit, Michigan, USA

Masahiro Uesaka

Department of Biophysics, Division of Biological Sciences, Graduate School of Science, Kyoto
University, Kitashirakawa-Oiwake, Sakyo-ku, Kyoto, Japan; Department of Stem Cell Biology
and Medicine, Graduate School of Medical Sciences, Kyushu University, Maidashi, Higashi-ku,
Fukuoka, Japan

Wendy Wenderski

Laboratory of Chromatin Biology and Epigenetics, The Rockefeller University, New York, New
York, USA

Naoki Yamamoto

Department of Biophysics, Division of Biological Sciences, Graduate School of Science, Kyoto
University, Kitashirakawa-Oiwake, Sakyo-ku, Kyoto, Japan; Department of Stem Cell Biology
and Medicine, Graduate School of Medical Sciences, Kyushu University, Maidashi, Higashi-ku,
Fukuoka, Japan

Oliver Yost
A.l. duPont Hospital for Children, Wilmington, Delaware, USA



Contents

PART1

GENERAL ASPECTS OF EPIGENETICS IN PSYCHIATRY

CHAPTER 1

CHAPTER 2

Introduction to Epigenetics in Psychiatry .........cocoemeeerimeeeeeneeeennnnnee. 3

Richard Lee and Dimitrios Avramopoulos

INtrOdUCHION o1 sisssssussvmsssns svivssamssieesssissmesssss osses 59is s THRoRHaRIRSRSEAIE oA FHAT oI R PSS SRS 8030740 4
Genetics of psychiatric diSOTAErs ..........ocuiouiiiiiiiiiiicce e 4
SN ZOPITEI Qs ssinsssssmssmmisssomsssnsvmsianessssssasssssoeses st asyass s hsE HsYos s s eSS AT Y4 6
Autism spectrum diSOTACT .....c.oiiiiiiiiiie e 8
Bipolar diSOPAer..........couimimemmiesie s ssnsaasessisssaressasssssessississs st v s s o5 vrssssiessn 756 9
Major depresSive AISOTTRE ... nssssusssmrasmsssaspmimmsvissinssromrisyyions soisimmnsnspianisaes 9
Attention deficit hyperactivity diSOrder.......c.oooiiiiiiiiiieieeeeeeccieee e 10
Genotype: Versus PRENOLYPE :ssrsivosssissssuoscressssionessissss st ssisssssssssasssssresssnis sesasss 10
Missing heritability «....coooiiiiiii e 10
Epigenetics in psychiatric diSOrders..... ..o 12
IN ST BTOMY sususmasnnssssssasasmmessssensnssossugan vesiess 545 84amsonsio 0¥ 60 0RENFeRoRS S HTSRIVRAS A SRS ERS SR 13
Prenatal infeCtion ........ccuiiiciiiiiiiiic s 14
SUDESS 1 caiascssosssinssnaansmsonsarsssisossaiiasas 5857378 sams s ERETHSHESE RIS ERRITEETONLDa EREF PSRRI IR O HTEOT 14
Epigenetic versus genetic approaches to psychiatric disorders............ccccoooiiiennee. 16
Moving epigenetics fOrward...........ocoiiiiiiiiiiiiii e 18
CONCIUSTON: sxsrissasssassorsass ssssaimiesssossveasossosass 55505491 e384 SaTas TR0 0 B0 s 4N TS ETaA S 2R S Shm ST SRS 19
S (5 £ TR 20
L OSBAY Yo asenasianmersBomenmrniion Tends el o ot SHTEEA Tl TR SO R SN T SO S TS RO ST S S E SRR 24
Outline of EPIgenetiCs .......eieeeeeirereeemcrencmnnee s e s s snns e e e menn e reas 27
Bidisha Paul and Trygve O. Tollefsbol
TNEPOAUCTION 1. e e s e 28
Molecular mechanisms Of @PIZENELICS .oc.veiiuiiriieiiieei et s 29
DNA. Methylation susseesssssmmsesassssssavsessansnssmosisosassssisismiaiassavssvisssssssssassasen 29
DNA methylation, development, and diS€ase ...........ccoeeriiiiiiiiceiccccccccreeeee 31
Chromatin remodeling and histone modifications ...........cccceveeciiciicinicnininnnn. 32
TISEONE ACELYIAtION: sosssessssssmssmvusamsonssssvsnissussosssns spavteovsstinsisiassassysasssn sizsssssinssasvynrisses s
HiStone MEthy IO ......oo.eeeiiieeee et et esasennens 34



vi Contents

CHAPTER 3

CHAPTER 4

Other histone MOAifICAIONS ....c.corviriiiieieeieieee e s e e 34
NOB=COAINE RINA corsumssissoiisssisisssitistisimsissiniasmsstvisnistsssssinsinsrassissarvionrasssasnsssmses 34
MICTORNA L. ettt en s enn 35

Correlation of epigenetics with genetics, transcriptomics, and proteomics............... 36

Clinical and medical implication of epigenetics ........ocvwrieeeirrerecieieeeeeee e 37

CONCIUSTON. ..ttt ettt e e e e et e e e e e e ess et s e s e enneensenseensennnenns 38

ACKNOWIEAZMENLS ..ccnniiiiiiiiiiiieeeeee ettt eeee et es e e sae e seeeee e sa e ae e ssessss e snneenns 39

REFEIEICES 1.ttt et e e e s e s e s e e se e s e ssseesa e e esseenseensesaeeneens 39

GLOSSATY .ttt ettt e e e e be e e st e esaeeent e e saeennsaeseesanaessannns 43

A Brief History of Epigenetics in Psychiatry.........c.ccccvineenccernnnen. 45

Jacob Peedicayil

CONCIUSTONS .ttt et e e e e b e s easae e e an e e e saae e ans

REFETCICES ccovisisssmsmsineinnass sarvavess ssasssnsavsns so50si3as0a8s55 0555 545 88 5039554 SER SO SFRRT SR ATTSFOSHS 45 $u95 49
L] (0T 1 RS SSSUSR TSRS STRORTRRRON 50
Roles of Epigenetics in the Neural Stem Cell and Neuron............... 51

Naoki Yamamoto, Masahiro Uesaka, Takuya Imamura,
and Kinichi Nakashima

Outline of neural cell production during cortical development .......c.cccceevviiieenen . 53
Epigenetic regulation of exit from cell proliferation cycle toward
postmitotic neurons during early cortical development..........ccooviiiiiiniiiiiinicnnen. 54

Epigenetic regulation underlying properties of multipotent neural
stem cells and their differentiation into upper layer cortical neurons

AN ASETOCYUES vueons srvsmimiesmanesonseiusssasinsssimsssssee auoesassssss o ads o maross SHedbupssi sessass sorssEsFoTamTsss 55
Epigenetic regulation of postnatal oligodendrocyte differentiation

and adult NEUFOZENESTS .....c..iiuiiiiiiiiecie e 58
Combination of trans-acting epigenetic modifiers involved in

epIZENnOME FOTTALION ..ottt et et a e eaa e 59
Importance of focusing on epigenetics in neuronal functions ..........ccceeceveiiieinennen. 62
Impact of epigenetic regulation on synaptic plasticity,

learning, and MEMOTY .......cc.oouiiiiire ettt s e as s sseeneens 63
Plasticity of epigenetic profile in neurons in response to extrinsic stimuli................ 65
The robust identity of neurons defined by the epigenetic status ... 69
Concluding remMarkss ... .c.oooiiiiiiii e 72

ACKNOWICAGIMENS . ccivoicisiisimumivamomassssssssmasissssmsnsnbivs sestisassssissssstinessssosssissssssssssssvansss 73



CHAPTER 5

CHAPTER 6

CHAPTER 7

Contents vii

RETETENCES ...ttt e 73
GLOSSATY ...ttt ettt sttt a e e e b et eae et et essea st et eneeneeneaneneenns 77
Role of Epigenetics in the Brain..........ccccceeivriiiccrccemmeneenesseneeseesnnns 79
Stephanie Matt, Eric D. Roth, and Tania L. Roth
T EPOAUCHION 15sanessssivsssusmasassussvessnssssssssvnsiss sEsmaeviinsas s sss s ass s e S APasHEA F it sk s ans e 80
Role of epigenetics in eVOIULION .........ciiiiiiiie e 81
Role of epigenetics in brain development ...........couiiierieiieiiinierieeee e 83
BTl AEVEIOPTBIIL .5 ssmsssnsssssssssmmommsimsmsessnsns v s m s st ass s bmves s ia s vavs 83
Epigenetics in early brain development ..........ooooiiveiieiiieiieeeiece e 85
Epigenetics in adult neurogenesis and later brain maturation.........cc..ccceceeeveeenen. 88
Epigenetics and extrinsic factors regulating brain development............cccceviuenne 89
Role of epigenetic mechanisms in brain function ... 90
Epigenetics and MEIMONY . e scvssvess s sormomssissesms s s e mmssasmsss i siss 90
Epigenetics aNd BITESE . convssossissrvassimiminsssmmers snss meiasss s ns s sset i smaos sssiissscasanss 91
Epigenetics and cognitive dysfunction.............ccoociioiiiiiiiiiiiiiiiiceceeciicceeeene 93
Concluding reMArks sscpssssssssssrissmmesmmsaissssssraisguseesreas s iisiassssms s sas s sTsms 94
ACKNOWIEAZIMENIS ...ttt s 95
REFETEICES 1 .nnvssansonnssannsinnsnassissssanssssusssnss sssssousssssas' s 8 5EIaoEwsH 53§57 SHIBEH T4 O PRER TR PRSI S7058 95
TS BAT Yo s wmsemas sy sowsss svmss ssunees sgansi pass osis 560 EFe B S Sa 8 AP EIRER b S §SnioRmasaTo BRSO ETEETSE 99
Epigenetic Epidemiology of Psychiatric Disorders...............cccuu.ee 101
Monica Uddin, Angela Bustamante, and Satoshi Toyokawa
INETOAUCTION .ttt e e s et e e seaae s e e e e e e sanne s 103
Causal inference in epigenetic epidemiology .......c.cccovviiiiiiiiciiiiiiiieceeccciceiee, 103
Study designs in epigenetic epidemiology ... 105
Methodologic issues to consider in epigenetic epidemiology..........ccccovevieiiienenenn. 114
Tissue and cell specificity of epigenetic marks..........ccocooiiiiiiiiiiiiiiniie. 114
Defining mechanistic relationships among DNA sequence, epigenetic,
and gene exXpression VAriation ... ieieiiiiiiice e enae e 116
Unknown effect sizes in disecase-associated epigenetic variation .............cccc.eee.e. 118
Importance of a life course Perspective.........cooviiiiiiiiiiiiiicie e 118
OGS TOTES - ave e o s wmirsssn o FSR T min o8 Engaiing Sk b e SRR R SESR S e SAE S WA SR RS e s S i R A S 122
ROFCIOIICES wivvmsms iuninsinsarsanss ssvswsss s samssassaosseess s sHsstssob sy ebs sesa a8 4035 45 ¥ U7 EE £ SENARA NN SSHESTE T 122
GLOSSATY ...ttt st s s e b e s e e e s e et e e s e s enseean e snneenee 127
Laboratory Techniques in Psychiatric Epigenetics........................ 129
Chris Murgatroyd
171307911010 (5] | FR PO NTEVRURMNIPRENRR IR 131
DINA mMethylation ..o 131
Global quantification of DNA methylation .........c.ocoooeimiiinninceeee 132

Higher resolution analyses of DNA methylation ... 133



viii Contents

CHAPTER 8

Sodium bisulfite treatMEnt .......ccoeveiireiiieicce e, 133
Restriction enzyme digeStON .........oeveeeiiiiieeeiieee et 134
ATTINILY CAPLUTE ...t eeeeee 136
Gene-specific quantification of DNA methylation............ocooeivieeeeeeeeeeeeeeeeennn 137
Methylation-specific PCR methods.........ocoocoiiiiriiiecee e 137
Bisulfite sequencing approaches .........ccooooiieieieieiee e 138
Methylated DNA affinity enrichment approaches............cocoeveeeveoieeececiecenn 141
Genome-wide DNA methylation analysis........coveeeereereeeoieenieiieee e 142
Microarray-based methylation approaches ...........ccocoveeieieieiiciciieieecccen, 142
Next-generation sequencing-based methylation analysis .........ccccccveveeeeieinnn.. 143
Roche/454 sequencing of converted-converted DNA ...........cooovveeieeiceecieeneee 144
SOLiID™ sequencing of converted-converted DNA ........coooeiiiiiiiniciciiee, 144
Illumina sequencing of converted-converted DNA ..........ccooviiiiiiiveeeeeceee. 145
TOT COITEI s coucsonmossosvsousvinsismsonon s ssssonse sids sassinbsabans s oosa s sssssubsssims sosssssasesmsvussashass 145
Genome approaches ........oouiiiiii e 145
ShMC APPrOAChEs iicsmssismimsiisiumsncassisississinsinssssnssusmmsssraimamsnsvsssssminisansnssstonsanssnnio 146
CRIOMALIN ..ttt et et e et a e e e eba e st s e e e easasaneennans 148
Global histone analySes........ccooiiiiiiiiiiii e 149
Sequence-specific and genome-wide histone analyses .........cccceververeiriecnenieennienne 149
Chromatin immunoprecipitation (ChIP) ... 149
Analyzing multiple binding eVents ..... ..o 152
Gene=-SPECIAC CHIP.cooussisssssssyisiessurssopssnassnasisossssssaspsssssssssisiosss sssssunsssssstssressssinss 152
Genome-wide ChIP ... 152
OpEn CTOMARI . oemmsamsonsmsmmsivessssm o o sae s smmees vAss s 5 AR 3 S o ma 5 153
Mapping chromatini IN(ETACHIONS ..cusmsrrsonsssnssunsossessicsssssusionsssesnssnsossusssessssassisssass 154
CONCIUSION. ...t n s e e 156
REFCTENEES 11xvueuianssssusssmvivsnistassassssssassvstssssssssssiihessaes ssssssssissssunss i Hars s suissdsstans s 156
GlOSSATY .ttt e e e e e e e et e e e e as e e et e e e enne e e e anneeenns 161
Laboratory Epigenetic Models of Schizophrenia........ccccceeeeeenennee.. 163
Jacob Peedicayil, Erbo Dong, and Dennis R. Grayson
INEFOAUCTION L. s s s 164
Laboratory non-epigenetic models of schizophrenia ..., 164
In vitro non-epigenetic models of schizophrenia.........c.cooiiiiiiiiniiniiiiiiennnn, 165
In vivo rodent non-epigenetic models of schizophrenia...........ccccoeviiiiiiininnne. 165
Mimicking schizophrenia: chronic d-lysergic acid diethylamide
administration to simulate pSyChOSIS ......cccceiiiiiiiiiiiniiiiircnccirc s 165
In vivo epigenetic models of schizophrenia ..., 166
L-methionine-induced hypermethylation (MIH) model of schizophrenia............ 166

Assessment of L-methionine-induced hypermethylation model of
SCHIZOPAIENIAL......c..ccoorsvesiovessorsossnisssnsissntnansmonsnsssntvnrinnsrannisbunsrrnsssnansssovassafasrmnsots 167



