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HEAVY BURDEN

Six categories of illness account for more than
half of the costs of brain disorders in Europe.
Indirect costs — such as working time lost to
illness — are responsible for about 40% of the
total financial burden.

TOTAL COST
(2010)

o €7977

BILLION

€113.4bn

 £93.9bn

‘Other’ includes brain tumour, child/adolescent disorders,
eating disorders, epilepsy, mental retardation, multiple
sclerosis, neuromuscular disorders, Parkinson's disease,
personality disorders, sleep disorders, somatoform
disorder, stroke, traumatic brain injury.

ADDICTION

I £27.7 bn
I €13.6 bn
I £24.4 bn

ANXIETY DISORDERS

I £46.3 bn
€0.1bn

N €28 bn

'DEMENTIA

I €17 bn
. £88.2 bn
No data

HEADACHE

I €9 bn

No data

I €34.5 hn

Direct health-care costs Il
Direct non-medical costs [
Indirect costs I

MOOD DISORDERS

I €26 bn
I €15.4 bn
I €72 hn |

PSYCHOTIC DISORDERS

I €29 bn
No data
I €£64.9 bn |

OTHER €141.4 bn
e
I €65.9 bn
I £91.3 bn

Europe
- $1 trillion/year

More than cancer,
cardiovascular
disease, diabetes
combined

Mood disorders
most costly,
followed by
dementia

37%-=direct costs
(drugs,doctors,
Hospitals)
23%=direct non-
medical (social
services, care,
homes)
40%=indirect
(lost productivity,
early retirement)

Costs will be
much higher in
us



High incidence of serious psychological episodes
« account for 1/3 of disablility worldwide
« USA 50% report at least one episode/lifetime
30% report an episode within the last year

Adult psychopathologies studied in behavior genetics:
schizophrenia
affective/mood disorders depression  bipolar disorder
substance abuse disorders alcoholism
personality disorders  anti-social personality disorder

Childhood
autism/autistic spectrum disorders
ADHD
conduct disorder



Limitations of the current diagnoses

1. mental illness is classified into a series of discrete disorders

no measure of severity disorder is either present or absent

cognitively, each disorder was originally seen as resulting from single core deficit caused
by specific genetic or environmental risk factor (single-deficit theory)
challenged by comorbidity observed

2. each symptom used to diagnose the disorder is equally weighted
each may not be equally important  the ‘disorder’ itself may not even exist
different symptoms in those with same disorder make locating genes difficult

3. multiple diagnoses are possible in same person (comorbidity)

level of comorbidity is high — people having one disorder are likely to have another as
well

network modeling: ¥2 DSMIV symptoms are connected, symptoms can be clustered but
path length is short, distances between disorders can predict measured comorbidity
rates



4. Current organization - multiple ‘axes’ :

not based on information from genetic studies or even actual phenotypic
structure

Axis | clinical syndromes & disorders eg depression

AXis Il personality disorders & mental retardation stable, long-
standing

Axis IlIl general medical conditions that effect mental health eg
syphilis, diabetes

AXxis IV psychosocial problems eg job loss that effects mental health

Axis V global assessment of functioning overall rating of social,
occupational & psychological abilities

little distinction between some disorders in different axes (eg
OCD & OCPD)

alternative model based on phenotypic structure often used in
behavior genetics — hopefully reflected in DSM-V



Krueger, 1999 Arch.Gen Psych, 56, 924
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Review of definitions:

prevalence measure of the occurrence of a disorder in the population
studied

risk measure of the occurrence of a disorder in a proband’s family

proband person presenting the disorder

concordance measure of how often related pairs (usually twins) in the
sample both show the disorder

correlation a standardized measure of shared variance between 2
samples, used as statistical measure of resemblance
between relatives

liability-threshold model hypothesis explaining a disorder as the
phenotypic expression at one extreme end of a normal

distribution of variation for the trait (threshold is fixed)
comorbidity  co-occurrence of 2 or more disorders in the same person

latent trait analysis multivariate factor analysis used to detect evidence
for a common factor underlying comorbidity

endophenotype an easily-measured variable that is part of a more
(biomarker) complex phenotype

may predict risk for a disorder may help in the diagnosis of a disorder



Schizophrenia (SCZ)

* long-term psychotic disorder (symptoms have to occur for 6 months)
‘active’ symptoms

- delusions, hallucinations (especially auditory)

- gross impairment in reality-testing, loss of ego boundaries

- disorganized speech, behavior

 affective flattening, less goal-oriented behavior (avolition)

‘passive’ symptoms worse level = catatonia % LT
. . . SURVIVING
« marked social, occupational dysfunction SCHIZOPHRENIA

« 2-3fold increased risk of dying, life expectancy decreased
by 12-15 years

A Manual tor Famibes,

Comsuenrers, and Providers

Onset: late adolescence, early adulthood (later in females) L= fElTIREEL B0
prognosis worse with earlier onset
episodic but lasts a lifetime

Prevalence: 1% worldwide, lifetime
across sites/populations point prevalence varies, as does incidence



Causes
« developmental neurological disorder with strong genetic component
 a pathway disease — a biological pathway is altered
* neurological differences seen in SCZ brains:
- likely present at birth to some extent - experiences not causal on own

- reduced brain volume, cell size, spine density, abnormal neural
distribution in prefrontal cortex & hippocampus

- dopaminergic, glutamatergic, GABAergic activity implicated

Treatments

antipsychotic (neuroleptic) drugs, behavioral therapy, support systems now
manage most symptoms

Drug treatments currently aimed mostly at dopamine system
‘hyperactive’ brain component
Clozapine , Thorazine etc help by reducing dopamine levels




Schizophrenia shows familiality

Probability of Developing Schizophrenia in
Different Groups
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Median risk estimates for general population and for relatives
of schizophrenic index cases

General population (prevalence) 1%
Spouses 2%
MZ twins 48%
DZ twins 17%
First degree relatives of schizophrenics
parents 6%
siblings 9%
children 13%
adopted-away children  11%
Second degree relatives 3.3%
Third degree relatives 2.4%

14 family studies, 8000 schizophrenics + family members
Evidence for genetic influence?
Why is risk lower for parents of schizophrenics compared to other 1° relatives?

Why is spousal risk double prevalence?



Twin and adoption studies

4 early twin studies: concordances MZ =48%
DZ=17%

« heritability 80% (95%confidence interval, 73-90%)
- based on meta-analysis of 12 twin studies and liability threshold model

Sullivan, Kendler, Neale (2003) Arch. Gen.Psychiatry
guantitative meta-analysis removes biases possibly present in single studies
improves statistical power to detect subtle influences missing in smaller studies

- additive genetic effects

- evidence for small shared e of 11% (3-19% 95% conf. interval)
portion of this could be due to assortative mating

« adoption studies:
adopted-apart MZ twims 64% concordance (14 twin pairs)

adopted-apart sibs risk =11%  (same as reared together)
confirms shared environment seems to be relatively unimportant

« schizo-affective disorder and schizoid personality disorder also run in
some families of schizophrenics



Environmental components

 Shared e component
likely to work early in development when environment is most similar
prenatal  at birth shortly after birth

 little evidence of pre-natal effects as sole cause
- risk to children is similar whether Mom or Dad had SZ,
- half-sibling data confirm this

e GXE

- at risk offspring had higher risk if adopted into poor-functioning
homes

* Non-shared environment or stochastic events
are important

birth complications neurological abnormalities all more common
attention problems as children prenatal viral infections | in MZ twin with sz



Morbidity risk (MR%) of schizophrenic symptoms in offspring
of schizophrenic twin pairs Gottesman (1989) Danish twin registry

co-twin control method - study of discordant twins used to seek out causal
environmental events

N MR%(offspring)
Schizophrenic twins 47 16.8
MZ first degree
‘Normal’ co-twins 24 17.4 ~— relative
risk
Schizophrenic twins 27 17.4 —
DZ second degree
‘Normal’ co-twins 52 2.1 relative
risk

offspring of non-SCZ MZ co-twin were as likely to develop SCZ as offspring of SCZ
MZ co-twin

indicates non-penetrance of scz risk alleles — unexpressed genotypes are passed
on



This image is of 28-year-old identical twins, one with schizophrenia and the other well.

It therefore clearly illustrates two points: (1) schizophrenia is a brain disease with
measurable structural and functional abnormalities in the brain; and (2) it is not a

purely genetic disease, and other biological factors play a role in its etiology.

SCHIZOPHRENIA IN IDENTICAL TWINS

Photo couresy of Dys. E. Fuller Torray and Dame! Weinbeirgar

MRI scans of 28-year-old male identical twins showing the enlarged
brain ventricles in the twin with schizophrenia (right) compared to his

well brother (left).



Defining schizophrenia
now considered a heterogeneous set of disorders

1. ‘classical’ subtypes:
catatonic (passive, motor symptoms)
paranoid (active, psychotic symptoms)
not supported by evidence from genetic studies

particular subtype does NOT run in families
overall tendency does

2. more severe forms are more heritable:

Type | best prognosis, active symptoms only (hallucinations),
responds well to drug treatment, less severe, less heritable

Type Il worse prognosis, more severe, active and passive symptoms
(withdrawal) , less treatable

higher rate of affected family members, more heritable

- fits well with liability-threshold model for the disorder



Biological basis - abnormal brain development

1. hyperactiviity of brain dopaminergic systems
- high doses of amphetamine in normal brain produces some scz symptoms

- typical anti-psychotics (thorazine, clozapine) act by reducing dopamine

overactivity of protein kinase C may be involved — mild stress raises activity ->
onset/worsening of symptoms

- supported by mouse model with impaired attention induced by
amphetamine, typical anti-psychotics reduce symptoms

2. serotonin system
- serotonin agonists also produce some symptoms

3. glutamate system (memory, learning, perception)
- ketamine, PCP block glutamate release -> many SCZ symptoms

- ketamine response may predict whether active or passive symptoms
occur in individual (Nature Neuroscience, 2008, 28, 6295)



Other impairments

cognitive deficits in information-processing and stimulus-
filtering ( do not allow filtering of most sensory & cognitive stimuli)

- sensorimotor-gating deficits eg prepulse inhibition is reduced or
absent in scz

social-interaction impairments
- using Schizotypy Symptom Q. (SIS)

40 min interviews, social isolation and guardedness significantly higher
In patients and relatives

Prevalence of hallucination probably much higher than previously
thought — some measures put it at 10-25% magical thinking

« normal distribution of symptoms?



Predicting liability and finding genes

» early diagnosis, predicting those at greatest risk seems important:
treatment of early signs prior to first episode may result in better prognosis
(Erlenmeyer-Kimling et al, 2001)

« finding reliable predictors will also aid in the search for genes
« locating liability genes will further aid diagnosis and treatment

Endophenotypes — behavioral ‘markers’ that predict liability:
1.Neurobiological signs

poor tandem walk

poor finger/thumb opposition
dermatoglyphic asymmetry differences

; Pocked loop

2.Childhood cognitive tests -
poor attention
need all 3 for best poor verbal working memory
prediction poor gross motor skills




smooth pursuit eye tracking (SC= scz, C=control)

3. More promising endophenotypes:
smooth-pursuit eye tracking

poor, jerky in Type Il SCZ  + deficits in relatives
reflects impaired spatial working memory, increased
reaction time

10

Latency Difference (%)
1 1
=

prepulse inhibition — reduced or absent

P50 auditory ERP, sensory gating task

measures attention & vigilance, deficits seen in scz patients, family members
gene onchr15 mouse model a7 nicotinic receptor gene promotor variants

prefrontal dysfunction indicated by Stroop task ( color-naming) & fMRI
also found in unaffected relatives

California Verbal Learning Task hi error rate for perseveration

cortical mapping - differences revealed by neuroimaging, reduced frontal gray
matter, hippocampal deficits



Specific genetic and environmental risk factors
for schizophrenia

all causative factors must be common and global
previous candidates not likely eg deviant parenting, childhood traumatic events

Environmental factors
pregnancy complications  maternal-fetal Rh blood group incompatibility
viral infections in utero  birth complications  low birthweight
season of birth likely not causal without genetic risk
GXE interactions
E seems non-specific
- any kind of stress during development + susceptibility genotypes

Other
age of father — 26-27% of SCZ patients have older fathers (+45 years old)
age 45-49 x2risk age 50 x3 risk compared to father age 25

age of Mom does not change risk
onset of puberty — start of some prodromal symptoms



Genetic risk factors

highly polygenic
* no Mendelian subforms identified

« each gene variant only has subtle effects, possibly by making
pathway more vulnerable to environmental insults

« to identify pathway involved, 50,000 cases and another 50,000 controls
would provide enough power

* hope is that pathway could be modified, development normalized

 Why does scz have such a high prevalence despite reducing fithess?

de novo mutation may be important — will be discovered when sequencing
more commonly used, may account for many sporadic cases

pleiotropy of risk alleles?



High penetrance rare copy number variants (CNVSs):

1q 16 159 del22q
* none are fully penetrant — risk factors, present in some without SCZ

« nearly all are non-specific - risk for SCZ, autistic spectrum,
developmental delay, intellectual disability, epilepsy all increased

 fairly large regions (100’s kb to 100’s mb)

Del22g — most common
20-30% get scz
present in 0.33% all cases, 0% controls
29-43 genes in region, 1.5-3mb

« 2 CNVs affect single genes — neurexin 1 (NRXN1) and vasoactive
Intestinal peptide receptor (VIPR2) enabling functional studies



However, more variation seems to be accounted for by common causal
variants with incomplete penetrance

Estimating the proportion of variation in susceptibility to

. . .
* Lee at al, with International consortia
]

schizophrenia captured by common SNPs

M S Hong Lee'?, Teresa R DeCandia™?, Stephan Ripke™®, Jian Yang™”, The Schizophrenia Psychiatric Genome-
a r ' Wide Association Study Consortium (PGC-SCZ)®, The International Schizophrenia Consortium (ISC)®
The enetics of Schi C i {Mcs)“.)}:}:}m:k F Sullivan®, Michael E Goddard'™!!,
2 omi
22 - e a

9000 cases, 12000 controls
nearly 1million SNPs
GCTA analysis

© 2012 Nature Amarios, o, AN rights resarved.
@ 182012 Nature Amarka, Ino. Al ghts reserved.

accounted for 23% (s.e.1%) of variation in liability to schizophrenia
« variance explained by each chromosome is linearly related to its length
* genetic basis Is the same in males and females

« disproportionate amount of variance is attributable to set of 2725 genes
expressed in CNS

« confirmed highly polygenic genetic architecture



LETTERS

Discovery sample=22,000
Replication sample = 30,000

|@ © 2011 Nature America, Inc. All rights reserved.

Genome-wide association study identifies five new

schizophrenia loci

The Schizophrenia Psychiatric Genome-Wide Association Stady (GWAS) Consortium

We examined the role of common genetic variation in
schizophrenia in a gemome-wide association study of
substantial sizez a stage 1 discovery sample of 21,856
individwals of Buropean ancestry and a stage 2 replication
samyple of 29,639 independent subjects. The combined stage

1 and 2 analysis yielded genome-wide significant associations
with schizophrenia for seven boci, five of which are new
(1p21.3, 2q32.3, 8p23.2, 8q21.3 and 10q24.32-q24.33) and
two of which have been previously implicated (6p21.32-p22.1
and 18q21.2). The strongest new finding (P =1.6 = 10-'")
was with rs1625579 within an intron of a putative primary
transcript for MIRT 37 (microRMA 137, a known regulator
of neuronal development. Four other schizophrenia loci
achieving genome-wide significance contain predicted targets
of MIRT 37, suggesting MIRT37-mediated dysregulation as a
previously unknown eticlogic mechamism in schizophrenia.
In a joint amalysis with a bipolar disorder sample (16,374
affected individuals and 14,044 controls), three lodi

reached genome. wide significance: CACMA TC (rs4 765905,
P=7.0x 10", ANK? (rs10994359, P = 2.5 x 10-% and the
ITIHZ-ITIH 4 region (rs2239547, P = 7.8 = 1079),

In stage 1, we conducted a mega-amalysis combining genome-wide
assocation shady (GWAS) data from 1 7 separate studies (with a total of
9,384 cases and 12 462 controls; Table 1 and Supplementary Tables 1.2).
We imputed allelic dosges for 1,252,901 autcsomal SMPs (Table 1,
Supplementary Table 3 and Supplementary Mote) using Haphap3
as the reference panel!, We tested for association using logistic regres-
sicn of imputed dosages with sample identifiers and three principal
compone nts as covariabes to minimize inflation in significance test-
ing coused by population stratification. The quantile-quantile plot
(Supplementary Fig. 1) dewiated from the mull distribution with a
population stratification inflation factor of 4 = 1.23, However, 4,559
ametric that standardizes the degres of inflation by sample size, was
only 1.02, similar to that cbserved in other GWAS meta-anabrses™,
This deviaticn persisted despite comprehersive quality control and
inclusion of up to 20 principal components (Supplementary Fig. 1)
Thus, we interpret this devintion as indicative of a large number of
weakly associated SHPs consistent with polygenic inheritance®. We
also examined 298 ancestry-informative madcers (ATMe) that reflect
European-ancestry population substructure®. Unadjusted analyses

1

showed greater inflation inthe test statistics than we saw for all mark-
ers (A TMsA =226 compared to all markers 4 =1.56). Afte rinchusion
of principal components, the distributicns of the test statistics did not
differ between AThs (4 = 1.18) and all madkers (4 = 1.23), a result
incomsistent with population stratification explaining the residual
deviation seen in Supplementary Figure 1. Moreorer, the resalts of
a meta-analysis using summary results ge nerated using study specific
principal components (Supplementary Mote) were highby comelated
with these from the mega-analysis (Pearson correlation = 0094, with a
similar A = 1.2 Supplementary Fig. 2). Ofthe ten SHPs in Table 2,
four increased and six decreased in significance, suggesting that the
most extreme values did not result from systematic inflation artifacts.
Theretore, our primary analysis used unadjusted F values (neverthe-
less, se= Table 2 for stage 1 P values adjusted for 4 (r=f. &).

In stage 1 (Table 2, Supplementary Table 4 and Supplementary
Figs. 3 and 4], 136 associations reached genome-wide significance
(P < 5% 10°FF , The majority of these associations (N = 125) mapped
to 5.5 Mb in the extended major histocompatibility complex (MHC,
6pi2l. 32-p22. 1), a region of high linksge disequilibrium (LT previ-
ously implicated in schizophrenia in a subset of the smmples used
here*E® The other stage 1 regicns included new regions (10g24.33
and 842 1.3) and previcusly reparted regicns (18921.2 st TCF4 (encod-
g tramscription factor 4) and 11q924.2 (ref 8]} The signal at 119242
iis 0BS5S Mb from NRGN (encoding neurogranind and is uncorrelated
with the previoushy associeted variant near this gene®.

In Table 2 and Supplementary Table 4, we denote regions ofassoci-
ation by the most significant marker. Assccinted SMPs with /2 2 0.2in
HapMap3 (CEU4TS] populations) were not considersd independent.
However, we noticed instances where multiple SMPs within 250 kb of
each other yielded evidence for association (P < 105 despite weak
LI I:rz = 0.2} betwesn them. For regions with P« ll:l".weperfonned
a conditicnal analysis using as covariates the dosages of the stromg-
est associated SHE, principal componsnts 1-4 and 6 and study indi-
cator. We observed multipls statistically independent signals at the
MHC. Although a mumber of SMPs within the MHC were poten-
tially independent per HapMap £ values, cnly rs@272105 withstood
formal conditicnal analysis, showing P = 1.8 % 10— conditicnal on
association tothe best SHNE, rs2021722 (stage 1 P= 4.3 % 10~ inter-
SHMF distance = 2.4 Mb, r* = 0.01 in HapMap). Excluding the MHC
region, we identified sin regicns with at least one SHFP associated at
P 2 105 and a second SNP with a conditionally independent P < 10~

14 full list o authars and afMilistlans spp<aars at the and of tha papar.
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7 loci, 5 new

Strongest new finding

MiRNA-137
known regulator of neuronal

development, highly expressed in
synapses of cortex, hippocampus

4 other loci were in regions of
binding sites for this miRNA

Joint analysis w. 30,000
bipolar subjects & controls
showed 3 loci in common



Validation of schizophrenia
associated genes CSMD1,
C10orf26, CACNA1C and
TCF4 as miR-137 targets

Molecular Psychiatry (2013) 18, 11--12;

CONFLICT OF INTEREST
The authors declare no conflict of inerest

", xun.mu Sl Kano', IA Edwards’, FT Seifuddin’,
msrimam- . EL Dadey’, PP Zandi™>, FM Leweke®, NG Cascella’,
mwﬂmvm«’*“mama

"Depariment of Poychinry, Iohes HoplinsUniversity Schoal of
Medidne, Baltimone, MD, LISA:
‘Bivombeng School of Rublic Health, Baltimore, MD, LISA:
’ammnmmmmm .rfadanug

“The Stanley Medical Research Instinute, Chevy Chase, MD, LSA
E-makil: arsere Tigihmied

REFERENCES

1 B P H, Ha vl Talk agi 8, Saibutd 5, Kasdiya 8, B rate M, Sawa & Teaadi
N ored J000; 31 435405,

2 Sedsan L Galans A, Mot EC, AdSingiee J, Catanband KS, Canmae T of ol
et Gt i Prpetialay 2000 67 S78-588

3 Ml VA, Massaes C Sacawa M, Waker B Aok Ger Fiyobiowy J008; &
1685- 171

4 DB, Cabesrayoal 1, Framk &, Stasllar P, Cosarced b Cor Oy e rodasd 2009 1
I 2300

5 o its B, Hiol e e DL Mesveyhricodgy 20010 59310322

& O M, Valartive 5 Ao Radhe Sipedl 200 11: 1608-16M4

7 DFigia M, SappE, O K0, Do 5%, Baas GF, Yordam ol JF e fal. Soiemce W0
2TT 101993

B Unsivinesd M, Ere S Jollan 1P Prow S Acaed o7 LS8 2007, 1048 24052500

3 Oz B Bachr ¥, Troohad 5% Eoecodesas H, Mkl M, Lol 55oer ol
Bl Prpchicany 206 1; PO G460

W0 Patenris M, Cobara A, Dedele |, S fetos O Neoroiod L e 2000 4793 17-300

tion & jes the paper on the
Muﬁm wrebmsite {hitpesSwesswna ture_oom fimp)

Validation of schizophrenia-
associated genes CSMDI,
C100rf26, CACNAIC and
TCF4 as miR-137 targets

Molecular Poychiaty (2013) 18 11-12; doil 0.1 088/mp 201 1.170;
published online 20 December 2071

maturation’
of miR-137 abo achieved
i

o mik137 may be a movel
i the etiology of i s

Leters 1o the Editar

demonastrate the
CJ\I?I'.M'Cand TCF4 by miR-137.
ia s & spectrom disorder that has a lifetime
prevalence of ~1% Disease ondet wuslly ocowurs during
adolescence, and suicide is the cause of prematsre desth.
Mmmwmgmmwmmawc
Ibasis for this enia
hmhmﬂmwmn.&mgesmﬁasmn
h’\ni_.lumah-yl of paychi identified &
@i, bt [penetmnt, mutstion in disrupted in sohi mphrenis-
1 {DSCTEY however, single-gens mutations have not been found
iin the vast majority of schi enia It is b that
e onset of schirophrenia is due to the acosmulstion of several
gene mutstions, each of which has modest phenotypic effects,
wihich are comp ounded with environmental isctors. This complex-
ity has made the identification of contributing genes diffiouh.
anmwhmemtwuwns
iin Lange: , thee results. of schirophrenia
GWASs have yet to be validsted Ibicd exggicallly.
In & recent study by the Schirophrenia Poychistric GWAS

requilation of CSMDT, CT0ons,

e
nﬂ—137mmﬂnﬁ-gsmmmwit—137dysegdm
or dysfenction may be a pathway thet contdbutes to schiro-
proegi Unitil this repor, schizophmenia GWAS

firnclinegys have not been linked to the neurobiology of the disease.

the F-untranslated regions o four putative schirophrenia risk

The SMDT, CToorE CACNATC and TOR4 predicted miR-137
mrget gene I -untrandlsted regions have either Tmer or Bmer
canonical s and, in some cases, are elaborated with a 3%
supplementary site [Figure la) as defined F These five
sites (TOF4 has two predicted mili-137 stes) and their flanking
sequences were dloned into the 3-untrandsed region of Renilla
luriferase in the psCHECK-2 vector [Figure 1b) and cotramfected
with either mil-ONTL or mifi-137 overexpression constrocs st a
1:2 ratio into HEK-293T cells wsing Lipode ctamine 2000 lmimngen,
Carlshad, CA, USAL HEK-293T calls heve a low endogenous bevel
miR-137 ion fdata not . Thee psl HECK-2 ucwuu-
inchufes Firefly hocifersse driven by a separste promoter that
allows. for normalizstion of signal to randection efficiences.
When the ratio of Renilla to Firefly lociferase activity was
oompared betwesn cells trandeced with mif-ONTL and those
with mifi-137, all predicted targeted showed decreased Renilla
hriferase activifies by 25-50% compared with controls [Figure 1<)
When the miR-137 Tmer site 5-GCAAUAA-T was deleted from
each wmrget constuct and cotramsfected with miR-137, the
FenillaFirelly lucferase ratio did not differ sgnificantly from
controls P =005 fy of 1 These resuhs
show that mif-137 interacts with the F-untranslsted region
sequenou from the four predicted taspets in & site-specific

lﬂt—u?huhmmwhmardenwmgdm
of adult newral stem cell proliferation™ and newronal matration”
This is. analogous to the phenoty pes. following knockdown of the
schizephrenia-related gene DISCT® In addition, two
milfi-137 targets heve been previowly asocisted with paychiatdc
illnese CACNATC encodes for the o subunit of the voltage-

dependent L-type calcinm chanmel Cay12, and has been shown to
e associated with bipolar disease” TCF4 encodes a tr

wmdnm&mwmdamdmal
® and TOF4 mice  show

In this work we wie a lucierssebased reporter assay to

= 2013 Macmillen Publishers Limied

wﬁam behavior.? These stighies, and the recent

Mallecular Poychiatry (2013] 2-14



Single genes from replicated studies, effects currently being associated with
phenotypic effects

With samples of 34,000 22 loci now identified 50,000 sample being
analysed

MIRNA 137
CACNAI1C calcium channel SCZ and bipolar (BIP) autism
calcium channel modifiers used as treatment for BIP
neurogranin (NRGN) calcium sensor SCZ and BIP
neurocan (NCAN) extracellular matrix protein SCZ and BIP

neurexins - presynaptic membrane proteins found in ALL neurons
cause decrease in prepulse inhibition, global excitation in knock-out mice

extended MHC HLA region chr 6
Chlamydial infection and HLA-A genotype associated with SCZ?

- epigenetic phenomena

differences in methylation patterns may account for some MZ discordance
(female discordance is greater than male)

genetic heterogeneity — similar phenotype produced by different risk alleles in
different people



Increased inflammatory markers identified in the dorsolateral

prefrontal cortex of individuals with schizophrenia

SG Fillmani,2,3, N Cloonans4, VS Cattsi,2,3, LC Millers, J Wongs, T McCrossin7, M Cairnsi,8 and CS Weickert

Molecular Psychiatry 2013

. Maleaular Poychintry (2013) 18, 206-214
© 101 Macmllan Rubliswes Limted Al rights eerved 13551240
e ture.com)mp

ORIGINAL ARTICLE

Increased inflammatory markers identified in the dorsolateral
prefrontal cortex of individuals with schizophrenia

5G Fllman', N Cloonan®, VS Catts™?, LC Miller’, ] Waong®, T McCrossin®, M Cairms™® and C5 Wsickert™?

Upregulstion of the immune response may be involved in the pathogenesds of schirophrenia with changes ocourring in
both periphem| blood and brain tissee. To date, micnaray technology has provided a limited view of specific
Mmmumshumwaummmmmmmnmmmww
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and their matched controls. We detected 798 diff ly regulated people with

compared with controb_ Ingenuity pathway analyss identified the inflammatory response 25 & key change Using quantitave
reaHime PCR we confirmed the changes in candidate cytokines and immune modulstors, including interleukin L6

L8, L-17 and SERPNASL The density of major histocom patibiity com plex-lh-positve cells mophologically resembling

microghia was ficantly increased in schizoph and

with IL-1f A group of

mest of whom had schizephrenia, were found to have increased inflammatory mANA expression. In summary, we have

demonstrated changes in an inflammatory response pathway that am present in ~40% of people disgnosed with
2 This suggests that therapies simed atimmune system sttenuafon in schizophrenis may be of direct

bbenefit in the brain.

Malecular Psychiatry (2013) 18, 206-21 4 doi:10.1038/mp2012.110; published online 7 August 2012
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B a severe i disorder affecting
around 1% of the wodds populstion. Curent teatments are
ineffective at addresing the full spectrum of symptoms. Under-
standing schimphrenis's causes will sllow us to betier tiler the

inerkukdn fIL-a, I-1E and ILRA have been found ™™ Serum
cytokines ame abo significantly increased in schizophrenia L6, IL-
95T Epyations in exprestion of other immune-relsted gene,
bbust not eytokines, have been found in the dorsolstersl prefromtal
mimﬁ:ﬁmmsm“hhﬂlm

treatments to specific bi
the broad group o schizophmnia Mm
Studies nmuudmmmmmemmmhm

and secreted by the resident immune cells and
mmmgmmnm&urmmm%
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changss i synaptic and myelin
pathways, anﬂa-ﬂmawmmgwg”m
micmaray studies have been limited by target ?eddr;
restricted linear range and interference.

setving 2 1k threugh the MHCH receptr
Bain microglia have been measwred using in vivo positron emission

tomography and in witro binding with sSgnificant increases in
{"CIPK-11195 binding dbserved in people with schimphrenia
compared with contrels in two out of twee studies™ 7 This
mmmmmusmﬂmmm

(NGE] cifl RMAS
these probslems through the e of massively parallel nudeotd e
sequencing of small sections of the t@nscriptome and digital
reasiembly of the reads, mimgnmwrinirmqwﬂa—
tion and a very sensitive detection

who may
thesir bimin. Thus, v i
mmmmmmm&ﬁm—-ﬂmm
cytokines in the bains of people with schimphrenia

The current study is among the first to use NGS to examine the

in vive imaging studies are leading war 2 grater consenis hat

immune adivation is involved™ ™ A signifiant positive genetic

associaon between schizophrenia and the human ledkocyte
i L

of DUPFC from 20 individusls with schimphrenia
and 20 makhed controls, providing the most sensitive examing-
tion of gene expression changes in schirophrenia available to
date. In addison, the RNA-Seq results were confirmed by
quantitative PCR {gPCR) in an expanded cohort jn=74) in which

Y was
iatdy, cell counting and wetern blotting.
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Evidence for T
.
overlap in risk

Gene-wide analyses of genome-wide association data

a| |e|eS sets: evidence for multiple commeon risk alleles for
schizophrenia and bipolar disorder and for overlap in

between SCZ

and BIP

genetic risk

WV Moskvina'=, N Craddock’, P Holmans'=, | Nikolov'=, JS Pahwa'=, E Green', Wellcome Trust Case
Control Consortium®, MJ Owen® and MC ODonovan’

"Daparimant of Paychological Medicne, School of Medicing, Cardi¥ University, Card® UK and® Bioinformatics and Statistics
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Genome-wide assoclation GEWAS) analyses have iduiiﬂad WHIM locl for mamy
dizeases, but most risk for any complex disorder - There s therefore

mhrmlﬂrﬂ“‘rwmﬂhmbﬂlﬁme ﬁla aala.ﬂule—!luh mﬂﬂpﬁs’ltﬂl\r
offer additional Inslghts. They might b o g a tiple signals.
#Also, by providing support for genes rﬂhﬂr than single J e thd Il (SMNPs),

they offer an additiona opportunity to the results across data sets. 'We hawve
un dertaken gan&wl& anal'pah u! W G'UI.I.B dam sets: schizophrenia and bipolar disorder.
We performed two of one b d on the smallest Pvalue per gene, the other on
a truncated maﬂﬂmﬂ.Fﬂ'ﬂmdmaﬂmdﬂampdﬂhﬂﬁlﬁmﬂldﬁ.m
d:macl dmﬂmﬂvlﬂm’e Sflﬂ's within genes (F.. for excess < 0.0 ) showing evidence for

this was not true for extragenic SNHPs (Puo. for

itihan
m:-ll'l}. At a range of thresholds of significance, we also ocbserved substantially
associabed thuam

o {P_.., for ERCELES lim aﬂimﬂlmnh-'lﬂx 104, Im

wid BCTOSS

Hpular 2.4 510~ ').llm*an
disorders. A

a ] Hrmlldﬂ: Il g by uriﬂludhrmemudaﬁumwe
reporbed

i = h Bl to
ger

in other GWAS data sets (CACNATC) or

oh served
mdm?mm'u'md“‘ Denes

g CSFZRE, CACNATE and DGKL Cur

analyses sh that ik nmﬂleﬂlnsﬂmdml“emmd
penes contribute to both dla-nnl“ and gene-wide sanalyses offer useful complemsntary

to more standard methods.

approaches
Molacuiar Pepchiary (20068) 14, 252—550; doi:1 01 0E8m p an0s 153, | d ondne 90 SO0
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Introdu ction

Until recently, there have been few undisputed
genatic ascociations to non-Mendelian forms of
common human diseases, but for many diseases, the
adwvent of genome-wide association [GWAS) technol-
ogy has recently tansformed this position® The
attainment of highly =ignificant azsociations

GWAS reflects in some cases, the availability of large
=ample aizea,® for others, for example the HLA locus
in rheumatoid arthritis and T1D, the existence of at
least some common alleles with a greater than average
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effect =ize? Thes=e conditions may not readily be
satisfied for most complex disorders, for example
peychotic disorders, where the ectremely large sam-
ple =zizes wweed for some disorders® are difficult to
obtain becauze diagnosis is labourious and e pensive.
Moreover, the necessary use of phenotypes entirely
defined by symptoms will very likely increase
astiological heterogeneity, and thus the ohserved
ocorrelations  between genotypes and phenotypes.
Therefore far from hawving a few common nsk

with higher than expected effect zizss, the observed
effect sizes in peychosis might be even smaller than

legion, the majority of genatic rsk remains unattrib-
uted.** There is therefore a pressing need for alter-
native methods for extracting information from
GWAS data sets.

GWAS studies to date have focused on =ingle locus
testz, which are the simplest to generate and to



a | Plot of heritability by log10(lifetime prevalence) for the nine psychiatric
disorders considered in this Review plus three complex diseases for which
genetic dissection has been particularly successful . Each disorder is plotted as
heritability by lifetime prevalence. Colour indicates qualitative success in
identifying aetiological genetic variation (with bright green meaning notably
successful, dark green meaning some successes and red meaning minimal or no
clear success to date). The bubble sizes are proportional to the numbers of
cases studied in GWASs

b | Allelic spectrum of schizophrenia (SCZ). There are no known Mendelian
variants for SCZ (AF<<0.0001, GRR>>50). There are no known common variants
(AF>0.1) with GRR>1.5, and these can be excluded with >99% statistical power.
Nine structural variants associated with SCZ are shown as light blue diamonds (
1g21.1-is the deletion and 1g21.1+ is the duplication). These structural variants
do not have a corresponding region in the inset. Seventeen common variants
have been associated with SCZ (red circles). SNPs contributing to the
Psychiatric Genomics Consortium SCZ risk profile score59 (21,171 autosomal
SNPs with P T<0.1; BOX 3, panel b) are shown in light blue dots with a lowess
smoother in dark blue. AD, Alzheimer's disease; ADHD, attention-deficit
hyperactivity disorder; ALC, alcohol dependence; AN, anorexia nervosa; ASD,
autism spectrum disorder; BIP, bipolar disorder; BRCA, breast cancer; CD,
Crohn's disease; MDD, major depressive disorder; NIC, nicotine usage
(maximum cigarettes per day); SCZ, schizophrenia; T2DM, type 2 diabetes
mellitus. The inset in panel b is adapted, with permission, from Ref. 10 © (2008)

Macmillan Publishers Ltd. All rights reserved. b 50
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Progress in
finding useful
biomarkers
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Potential metabolite markers of schizophrenia
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enla ls a |l disorder that affects 0.5—1% of the population worl dewlde.
ledhﬂ methods are based on psychiatric interviews, which are subjective in
nature. The Mddmﬂmwmwuﬁmwwhmmaw—
standing bottleneck in the clinical di Here we report a
global metabollc profillmg study imrd\rhg 'I'E adlhnqﬂruic patients and 110 healthy
subjects, who were divided into a training set and a test set, designed to identify metabolite

rate, pyruvate
underlhamﬂwwﬂgdﬂ“ﬁcmm(ﬂﬂ)dﬂ%h&a“hgmﬂs(w

and 62 and 0LESS In the test (50 p and 48
mamumwmaﬂdmdwﬁap—mmmmammm
d & more ¥ accuracy, which resched an ALUC of 1 in both the training set amd

the st set. Multiple fmadﬁ and ketone bodles were found significanth (P-c l.'l.m) el evated
in both the serum and wrine of patients, suggesting an upregulated fatty acld catsbolism,
presumably resulting from an insufficlency of glucose supply in the brains of schizophrenia

mmﬁ- Paychiatry (2013) 18, 67-T8; dol:10. 1038/mp.2011.131; published online 25 Octobar 2011

Keywords: schizophrenia; biomarker; metacbonomics; GC-TOPMS; NMR

Introducti on

Schizophrenia iz a severs mental disorder affecting
approcimately 0.5—-1% of the population worldwide.®
Az one of the most expenszive medical illness,
schizophrenia t= a zericus burden on the
health-care systam.® Clinically, it has heterogeneous

tations, with positive and negative symptoms
at different lewels of prominence acmoss time and
across individualz.” The cument diagnosizs of schizo-
phrenia remains subjective due to itz complex
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spectrum of symptoms, and the mechanism under-
lying the dizeaze process has yet to be eluddated.
Recent clinical studies suggest that early interven-
tion mitigates progression and improves therapesutic
outcomes in the dizease ™ Establishment of biomar-
kers will enable sarly dizeaze prevention, and thus
improve prognosis. A niadn test proposed to measure
meduced membrane arachidonic acid lewels was
suggested for the diagnosis of schizophrenia in
1860,7 but has not found its way into clinical use so
far owing to its low sensitivity and specifidty®™=
Imaging modaliies including functional magnetic
meonande imaging, positton emission tomography
and single-photon emission computerized tomogra-
phy [SPECT), although frequently used in the patho-
logical study of schizophrenia,* have naot been ahle to
affer a diagnostic szalution with a high enough
sensitivity and spedficity. Recently, genetic variants
at the major histocompatibility complex locus
have been found significantly associated with this
disease from several major genome-wide association
studies, **4 suggesting an immune component in its
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Marked reduction of soluble

superoxide dismutase-1 (SOD1)
in cerebrospinal fluid of patients
with recent-onset schizophrenia

Maoleankar Psychiatry (2013) 18, 101 1; doi10.1038//mp201 2.6:
published online 21 Febrsary 2012

mmsdﬂnq:mmraulﬂluppuruamuud,m

Although owr arted observations reguire meplication in a
larger  4am this stdy implies two innovative  conoeptusl
contribusons. First, the reducion of soluble S0D1 may dirctly
uneierfie ooddative swess st the ondet of schizophrenia theowgh
decreased availability of this important antiosddant enryme We
further note that this decresse in CSF-sduble SO0 concentration
could be a secondary effect of another pro-ooddative process
Mevertheless, this uimate decresse in sduble S0D1 i likely to
lﬂtmmalm;mﬂuu,mwiﬂeﬁrﬂm

S0D1 may reflect an increase in ‘insoluble’ SO0 . This is analogous.
o decreased AR1-42in OSF from patients with Alrheimer's disease
reflecting inscluble AR1-42 and senile plaguees ™ Likewiss, 5001 is
amyloidogenic amnd can be associated with brain disonders, soch as
amyotrophic lateral sclercsie® We wish to recall that aggregate
formation in Huntington's disease and other brain disonders has
been discovered only after specific probing of hrg&mulm.lea.
surh &8 Hurtingtin detection using a specific antibody ™ Thensfons,
Hbmwmemiuuuﬂestﬁ1 in autopsied brains or

Mhmdn&g& hmreﬂumbun *
with recent-ondet schiropheenia are
almaost all these shodies are
fimited wmmmwldurmamw

Fulipl ] —

with better

chronic schimphrenia (five or more years of schirophrenia)
1&1:plununujl1:al:le1]_miﬂtgmmehypnﬁmthu

celdls {for ] fronmn fibrolbil and
olfactody newrons) from patients with recent-onset
and such fubure studies may wtilize antibodies against insoluble
farms of 5001 A role of midfolded protsin in schizophenia has
alio been by SUECEpl-
ibility factom. Korth and assodiates” reported the recruitment of
wmha' DISCT
thee i gpence of two pr tic risk factors
mhﬂgﬂmdmimﬂﬂuhamdm

phrendis_

The leveds of CSFsoluble SO0 ame not significantly different
mamﬁmmmmmmmmm
shawnl The possble ¢ in SO0 b

oxidative stress and sssocisted tory
may have a role in this dynamic process,® wenmmmeleuds
of 14 selected meolecules (Supplementary Table 21

Here, we repont the novel finding of & deamatically reduced
level of soluble ssperoside dismutase-] ﬂJDuhljfmm
patients with recent-omnset sch I
from age-matched healthy controls rrd:le 1. Supplementary
Figure 1). Futhermore the level of CSFsoluble S0D1 from
mmmummmmmmmm
st ih T our L this is the first eport o
decmased CS5F 5001 in recent-onset W also
highlight that althowgh the sample sre of patients with 1 year or
less disease is small, the absolre concentrations of soluble SO
are oSt decresied in this colon We specul ste that the
decmae in 5001 between patients with 1 year or less
disease and age-matched healthy contols i limited in signifi-
cance by the small sample sire

recent-onset
siche hrenia and chronic cases may be addessed in follow-up
sﬁﬂsmhrguunﬂemnhpuﬂemuuum
dhownire guilation

vt mecessaifly cormelated. In this report, with one excepson, all
patients were an medication at e time of CSF soguisition.
hmw,mwmiﬂndﬂaﬂﬂeﬂ:ﬁ1hamd
recent-onsset  ach hwenia  and this observation as
s;mﬂlepnluuly rode of ‘coddative stress in
the pathophysiology and onset of this disease. Incres sed oxidative
siemcmleulhs)nq:'lc Son and deﬂdh
it i the pathoph oy of schizphrenis
ul:u'valmmal.ﬂnbemmmhuﬂuvmﬁrg
hypothwses, sech as those of 5001 protein misfolding and aberant
control of proteclysis, which prompt futher inves tigetion.

a—

Table 1 Comparison of CSFsobuble SO0 aonoer b =
dizease dumtion and age-maiched healhy conirals

fleess than free years disease) groupesd by

Diseace duration fream) M, mahched pais

5Z mean fing m')

HE mean fng m™') T I

=1 15 &5 19 & 27 55 11093 & 5455 -2 55 oz a1z

o 20 TG ES1TT 11535 & 5989 =291 Q00 aos

=3 25 T4BH S IT 55 11800 £ 6133 =328 (1K aE] ooz

=4 2 A9 = 38 4 10755 & 5732 =200 QL00s o
fiuid; HC, healihy contml 0D, di 1 5Z,

(=] ¥ d s for des olpson of

P'Buumpﬂﬂlpmnm fior e mreuitiple msmn g of 14 selacwd masoer: destvesd by p

and ¥ Tabie 2 for resuls of analyss with she ohar masioars).
Srdreeusk with o disease durason vemre Inciuded In subsequent geoups of cases with Incmaced yean or ks disease Age masching of onnwolis was
onmnplesd bnd apendently for eadh of shese four geoups of INcmacing disease duration.

Maobsoular Psychiatry (2013), 2-14

= 2013 Maomillan Publishers Lmited



ORIGINAL ARTICLE

Maliscula r Prychiatry (2003 18, 5365
& 2013 Macrniln Fublishers Limiksd Al rgh b nesaved L33B-A184'13

WAL L O

Relapse prevention in schizophrenia: a systematic review
and meta-analysis of second-generation antipsychotics
versus first-generation antipsychotics
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Few lled trials

ﬂlwﬂiﬁm with ﬂm—guﬂﬂl

ﬂlw (FGAs) rapdhg rﬂq:ae

yals of o “‘hﬂ&lnﬁlg;ﬁmhwﬁgm

with l-‘ﬁlla ln anllh.q:hulh. Primmeary
| at 3, 6 and 12

OULCOME WS atudr—ﬂnad ldqne aan-ﬂlﬂ\r

iy

and intol

dropout owlng to any cause, ch

Pﬂdadr\daﬂvedal((ﬂ!}(im
eeded-

confidence Intervals (Cls)) was calculated using random-effects model, with numbers-n

to-treat (MNT) calculstions where

appropriate.
tlon = 61.9 + 22.4 weeks), none of the individua SGAs

Across 23 studles (n=4504, mean dura-
FGAs (mainly haloperidal)

regarding study-defined rel for laol

outperformed
d, single tiakbased superorty, and ecwcept

hr risperidone’s aupuiulltr &t 3 and 6 months when requiring =3 trials.

together,
 SGAS pr more than FGAs (20.0 versus 37.5%, AR = 0.#0.0!-.0.?0—051.
Pamfmm'r 17, Ck 1050, P=0.003)

S0As were als0 superor

at 3, 6 and 12 months (P=0.04, P<0.0001, P=0.0001), treatment fallure .;P—o.m:s} and
hosphtalization (P=0.004). SGAs showed trendlevel superiorty for dropout owing to

Intolerability (P=0.05). Superiority of SGAs regardi
double-biind trials, first- and multl

confirmed in
exclusively raw or estimated

ng relapse was modest (NNT=1T7), but
-eplsode patients, uaﬁlg quulid\r or

rates, and for different haloperidol ?Izle als mm

doses. There was no significant heterogensity or publication biss.

Somewhat

of SGAs over FGAs on several key outcomes depends on whather

gresater
SGAs form a mean ingful group and whather mid- or |ow-potency Fn.nl.xdﬂerhumlulq:elldnl.
Regardiess, treatment ssection needs to be ind a p aind

nreesd] be-at] o -ned ated tactors.

Molacuiar Psychiary (2013) 18, 53-66; dol10.1038'mp.2011.143; p

d ondine 20 N 2011

Keywaords: anfipsychotics; long-term treatment; mainienance; meta-analysis; relapse preven-
tion; schizophrenia

Introduction

As psychopathology and =social functioning can wor-
sen with repeated relapses in schizophrenia patients,®
mlapse prevention iz a critical iz=ue in managing this
illness. Since clozapine, the first second ton
antipeychotic [SGA) introduced in 1971 [marketed in

Comres pandemce: Dr G Correll, Division of Prychistry Research,
Tha Zuckar Hilkids Hospital, 75-59 263rd Strest, Glan Oaks, NY
11004, 154

Email coormall @i edu

Part ofthe data was presenind in poster format & the 51st Annual
Manting of the New Clinical Drug Evaluation Tnit (NCDELT, Boca
Famn, FL, T18A, 15 [una 2011.

Rocaived 1 July 2011; rewised 28 Septamber 3011; accepied 4
Oonher 2011; publishad anline 28 Novembar 2011

the United States of America in 1980), and risper-
idome, introduced in 1994, a total of eight additional
SGA=s ame now available in the United States of
America, which are widely used® SGAs are better
tolerated than firstgeneration antipsychotics [FGAs)
regarding acute extra-pyramidal side effects [EPS) and
tardive dyskinesia.* However, there is growing concern
about metabolic side effects, such as body weight gain,

insulin resistance and dysl pidemia ** Combined with
the lack of t supariority in and/or
effecti veness o beerved in large, pragmatic tdals "= the

advantages of non-clozapine SGAs over FGAs have
been . Less attention hss bEE:I. focused on
'FE"T pm'ventinn A meta-anal; ng SGAs
s was published in 2003 l:ﬂ.lt sfl.m:-etten.ﬂ:l.em

hawe bean 12 additional mlevant trials.
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EXPERT REVIEW

The emerging spectrum of allelic variation in schizophrenia:
current evidence and strategies for the identification and
functional characterization of common and rare variants

EJ Mowry™™ and | Gratben"

After decades of wmmu@mmmmmmﬁ}m finallly shining Bght on the gemnetic

architecture of schizophrenia The picture emenging is one of

of rigk alledes aoross

g large mismib

the entire allelic spectrem. The sims of this article are to thee ey et b cllate and bo Com pane: and
contrast methods for identifying additonal risk alleles, inchuding GWAS, targeted mwnm;wu
in cder ghe chall PP ities inval ved in the R il basis of
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Looking for
expression pattern
differences
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Genome-wide expression profiling of schizophrenia using

a large combined cohort
M Mistry”, J Gillis® and P Pawidis™*

*Graduaie Program in Bipinfarmatics, University of Briish Colunbia, Vancouver, BC, Canada; * Depariment of Paychiatry,
University of British Cofumbia, Vancouver, BC, Canads and * Cantre for High-Throughput Biology, University of British
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MNumerous studies have examined gene expression profiles In post-mortem humsan brain
samples from i'ldhrlduds wﬂl schizophrenia compared with healthy controls, to gain Insight

Imto the L of the di

gh some findings have been repl

across studies, there ls a general lack of conseansus on which genes or pathways are affected
Ilhmhﬂlmdﬂ!ﬂmdhmﬂemeume ol or methodologlcal
Here, we p memmm“mmumdwm

Imdividuals. Remarkably, we identiflied expression differences In the brains of schizophrenics
maﬂwﬂmhrupwmhbmwnglndwmmmmmmd
e of 38 prob that are up |

ﬁlhﬂﬂe mlﬂnd Snlned ngmmp'm?iduﬂﬂad lllatudaalhﬂm
not included In our sﬂ'pnis. vlllle dilm sem:ud o our sdrds. In particular, we cbeerve
d wi

gens expression th S communlcaton and
of p aﬂ\amdﬂa of ch synaptic functioning. A gene

nmlt hysl hy un identified funﬂimal relationships among the
our It Fuulde rlde fora underying expression s gnature

In this Ildﬂuwnaula il sorder.
Molecular Peychiaiy (2013) 18, 215-225; dol: 10 1038imp 3011 172; published online 3 January 2012
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Introdwction

Schimmphrenia iz a severs psychotic disorder that
affects approximately 1% of the population warld-
wide! Many groups have attempted to identify

cular processes including (but not limited to) synaptic
machinery and mitochondrial-related transcrd pts,**
immune function® and a reduction in oligopdendrocyte
mnd myelination-related genes**~* The varety and
scope of theee processes, foumd in different subject
oohorts, mises the question as to whether there are
underlying commonalites in molecular signatures
among schizophrenics. Such commonalities are
presupposed by maost genetic studies, which look far
alleles overmrepresented in large numbes of schizo-
phrenic individuals.®=* It is important to establish

Cormespondanos: Dr P Pavlidis, TIndvarsity of British Columbia,
Cantre for High-Throughput Biology [CHiRi], 177 Michaal Smith
Lahoratories, 2185 East Mall, Vancouwver, Canada, BC VET 124,
Email paunl@chihivhooa

Raceived 28 June 2011; revised 19 October 2011 accepted 21
Movember 201 1; published online 3 anuary 2012

if there are any common featurss of the dizesse at the
molemular level.

The diversity of results in tmnscriptome studies
can be attributed to many sources. Basides di ferences
in the sampled cohorts and dizesse heterogeneity,

between transcriptome studies can be
due to methodological diffeences in zample preps-
mtion, cholce of platform and data analysis. There
are izsues that are especial ly pertinent to the analysis
of post-mortem human brain tizsue. One iz the
mnfounding effect of factor= such as age, gendsr
and medication. Such factors are often associated
with mlatively la.'rgegeneec(pmvssinndmngm = while
tric illnesses such as schizophrenia are asso-
dated with small effect sizes. If these factors are not
correctly contralled for, they can mask or masquerade
a8 expression patterns associated with the dizeasze.
Standard ce invalves minimizing the effects of
such factors either in the ex ental
sample matching or treating ﬁﬂmmﬁ
ates in regression models. It is also increasingly
appreciated that technical artifacts such as ‘batch
affects’ can result in substantial wariability. == In
additon, post-mortern brain tHssue is a limodted
meource, leading to small sample sizes with low



Mood disorders

« episodes of severe swings of mood

2 categories studied in behavior genetics:
Major depressive disorder (episodes of depression only)

Bipolar disorder (alternating episodes of depression and
mania)



Major Depressive disorder (MDD)

WHO : #1 cause of disability in US, #2 worldwide
depressed mood

onset over weeks/months, lasts several months, dissipates slowly
loss of interest in usual activities

sleep and appetite disturbances

energy loss

thoughts of death, suicide

US 16% risk of attempts : 4-5 times rate of other Axis | disorders
antidepressants = 2"d most widely sold drugs (1st=analgesics)

3 cause of death 15-24 age group, 4" cause 25-44 age group

27% risk of comorbid drug/alcohol use disorders
60% comorbidity with anxiety disorders

Prevalence = 17% females: 25-30% males: 12-15%

US teenage girls ~16% 4-8% US children
significant upward trend + earlier onset since WWII



Bipolar disorder

» cycles between periods of depression and mania
Mania: euphoria inflated self-esteem sleeplessness racing thoughts
psychosis talkativeness distractibility hyperactivity reckless behavior

- begins & ends more suddenly than depressive phase
- episode duration varies (days to months)

* high rate of social dysfunction

* 19% mortality through suicide (30% risk of attempts = 6X prevalence)

* 61% comorbidity with drug/alcohol use disorders

Prevalence: 3-4% same in males and females
Main risk period: 16-25 years median age of onset 20 years

Other comorbidity risks (for both depression and bipolar disorder) :
anxiety, panic disorders  personality disorders

Among those thought to have suffered from bipolar disorder:
Schumann  Isaac Newton Robert Lowell Beethoven Edgar Allen Poe Van Gogh

Charlie Parker Graham Greene Edvard Munch Virginia Woolf ~ William Blake
Jackson Pollack
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ORIGINAL ARTICLE
Is bipolar disorder more common in highly intelligent people?

A cohort study of a million men
OR Gale"”, GD Batty™, AM Mdntosh®, DU Porteous™, U Deary” and F Rasmussen®

WMWWIWM\EWWM‘ dar disosder is more in people with 1 il
oogpnitive or creative ability. Ey for ssch a link is sparse We gated the ned ship b
wamwm&uwhw* dar disorder in a | e onhort shsdy of 1049607 Swedish

men. Intelligence was meassred on consofipion for militany service at a mean age of 183 pears and data on peychiatric
heoespiital admissions. over a mean fio kow-up period of 226 years was abtined from national reconds. Risk of hospita lisation with
any form of bipolar disorder fell in a as intelligence increased P for linear trend < L0001 L However, wien we
mmwmmmmemeMwuawmm“nmmw
intedligence had the greatest risk of being ad d with pure bipol e e, but risk was abso elevated among men with the
highest intelligence (P for quadratic tremd = mlm-uhmmuwwwrwqmdmnm Ll I
technical ability (F for qua dratic tremnd <0001 ) At least in men, high intelligence may indeed be a risk factor for bipolar
disorder, but only in the mincrity of cases who heve the disormier in 2 pure fonm with no psychia tric comodbidity.

Maolecwlar Peychiatry (2013) 18, 190—194 doi1 kL 1038'mp201226; published online 3 April 2012
Keywornds: bipolar disosder: cognitive ability; ¢ omorbidity: intelligence
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Family studies on mood disorders
Review of many studies (McGuffin & Katz, 1986):

Severe depression Bipolar disorder
First degree relatives 9% 9%
Unrelated (prevalence) 3% 1%
Relative with bipolar 14%
Relative with depression 1%

More recent studies put 15t degree relative risk at 11-16% for bipolar, 67%
risk if both parents affected

Evidence points to liability-threshold model for mood characteristics:

dysthymia
depression (18%)

# of individuals & bipolar disorder (1%)

liability to mood disorders



« continuum for mood disorders replaces ‘category’ classification (reactive,
endogenous)

* more severe, earlier onset, more recurrent forms show higher heritability
» |ate onset (after age 40) depression is much less heritable
* response to drug-therapy runs in families
response to lithium for bipolar strongly familial
Indicates genetic heterogeneity: different families have different risk alleles

Twin studies
Depression _ Bipolar disorder
Concordances MZ 43% 55%
DZ 28% 7%

confirms evidence from family studies for genetic influence
Liability-threshold model-fitting:

Depression heritability = 37%, no shared e

Bipolar heritability = 80%, no shared e

More severe depression, twin study indicates heritability of 70%



* to better estimate variance components, need some measure of
phenotype:

Kendler et al (1992)

female twins  population-based sample individual clinical interviews to
get symptom counts as measure of disorder

In this study: lifetime prevalence of mood disorder = 29-33% (DSMIII-R)

For depressive symptoms N(pairs) Correlation (tetrachoric)
MZ 590 0.44
DZ 440 0.19

Sources of variance: additive gene effects 42%

non-shared environment 58%
no evidence for shared environment

Liability threshold model, heritabilities - supported by small adoption
studies in bipolar, some depression studies



Environmental influences

« prolonged or intense stress has physiologically deleterious effects on
the brain

» effects especially pronounced in hippocampus

* neuronal atrophy, neurotoxicity, loss of plasticity, downregulated
neurogenesis - reversed by anti-depressant treatments

» linked to elevated levels of glucocorticoids

« genetic risk alleles likely increase response to stress and increase
neural damage in brain

eg. genes for neurotrophic factors — regulate neurogenesis in
hippocampus

BDNF gene expression affected by corticosterone levels (stress)
has antidepressant-like activity
met allele carriers — smaller hippocampal volume
anti-depressant admin. changes expression of BDNF gene



Endophenotypes for mood disorders

Gray-matter reductions in amygdala

Reduced hippocampus volume

evidence shows antidepressants increase hippocampal neurogenesis by activating
glucocorticoid receptors

Abnormalities in regulation of hypothalamus/pituitary/adrenal axis

major role of corticotropin-releasing factor (CRF) (maybe not just from
hypothalamus but amygdala also)

cognitivelamotional assement

axis incoming stimuli \
“Stressor

CRF: coficotropin
rel ease factor
ACTH:
adreriocortic olropin
hoorm o &

» Hmth&l?" .
) K
& Pituitary- /

Parathyroids P_J,x"’e

/

Thyroid ~ ] Y b Pitutary Gland Hypothalamus
o Adrenals | g
Pancreas = __"t:'.. _ (i hid bel ey Lo )
i . (ACTH _
Chvaries R i g - - - via blond) § noradrenergic fbers
{female) ~=_ MSN%W Physiological (peripheral stress response)
Testes e A

(male) \ cotticosteriods  a——— Adrenal Coresx \
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Finding genes for mood disorders

multiple genetic loci of very small effect

Most success so far for genes for bipolar | - larger effect, replicated
rare dominant, chr 1 - increases risk xX10  pedigree linkage
lon channel genes CACNA1C ANK3
BDNF alleles involved in hippocampus volume
neuregulin, dysbindin genes associated with both SCZ and BIP
DGKH a key protein in the lithium-sensitive phosphatidyl inositol pathway .

Still only ~26% of genetic variation accounted for

Multivariate analyses

reveal familiality and co-occurrences of both SCZ and BIP symptoms (not
possible to have both disorders in DSMIV)

+ overlap between genes for bipolar and schizophrenia = 40%
Indicates some shared etiology and genetic causes



Neurocan gene (NCAN)

« genome—wide significant association with BIP (2 x 10°)
« OR=1.17 so very small individual effect
« similar significant but small effect size in SCZ

« gene product is a proteoglycan, found in extracellular matrix, involved in
cell adhesion, migration expressed in brain

e associated with mania
factor analysis of mania scores for SCZ, BIP, MDD
endophenotype: ‘overactivity’ — common to all 3 disorders

NCAN knock-out mouse — possible model for mania
* |ower prepulse inhibition
« treatment with lithium raises level of prepulse inhibition
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Genome-wide association analysis of copy number
variation in recurrent depressive disorder
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Large, rare copy number varants (CNVs) have been implicated In a varety of psychiatic
disorders, but the mole of CNVs in recumrent depression |s unclear. We performed a genome-
wl e atul\rdauﬂm rare CHVs in 3106 cases of recument depression, 459 controls soreened
for lifeth ofp il atri ¢ disorder and 5618 unscreened controls from phase 2 of the
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Introduct on economic burden and high rates of completed

suicide.*™ Depressive disorder iz heritable, with
Recurrent depressive disorder is a common psychis- mecurrent and severs types being substantally so,**
tric disorder associated with high morhidity, high it the specific genes inwvolved are not known. As
recurrent depression iz associated with increased
Comres prondansa: JJH PRucker, MBC Social Genstic and =~ Wortality at a young age.’ it is logical to expect that
gr-‘hpg:-]nﬂ Pu:.-nhhn-_-.- GE-‘:E' Imstitute :ﬂiﬂﬂ1m Hl?lﬁ. some of the genetic contribution to the disorder may
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EXPERT REVIEW

Pathological parainflammation and endoplasmic reticulum stress

in depression: potential translational targets through the CNS
insulin, klotho and PPAR-y systems

PW Gold", ) Licinio® and MG Pavistou®

Major depresson and bipolar disorder are h conditions in which there can be dysmegulstion of (1] the stress sy stem
mpuuemmwymwamwmmmmmumnmmmmmmu
by the stress responde are affectively neutralized. The responde bo stess and depressed mood share oommon cinoul e and

mediators, and each sets into motion not only similar affective and cognitive changes, but also Smilar systemic manilesta §ons. We
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ability ¥ generate newral stem oslls. ation is an ad dhim&hmsjﬂm that ocowrs in the
contest of stressors to which we were not exposed dufing ouwr eady il efi aging, artificial
wmmmmmmpmm:hwnmmwwmmmmmdﬂ
acute or chronic social stressors, and hence, that major depressve iliness s asocisted with a paminflammatory state_ B stress
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Al ation and ER stress by escower it by We disouss three highly interelsted mediaors that can
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amelioration of the affective, oognitive and
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that stress precipitstes major depression and significantly
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and in their systemic manifestations.”~
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Increased vulnerability of the brain norepinephrine system of
females to corticotropin-releasing factor overexpression
DA Bangaser’, BAS Reyes, D Pid", W Garachh’, X-¥ Zhang', ZM Plona’, E] Van Bockstssls”, 56 Beck' and R walenting”
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Socioeconomic position predicts long-term depression
trajectory: a 13-year follow-up of the GAZEL cohort study
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Introduction

Each year, 3—7% of individuals liwing in industria-
lized countries suffer from depression; 10-15% are
affected over the course of their lifetime.®? Am

people who have depression at a paricular point in
Hme, an est mated 3 5—540% w'lLle-xApa"l.e-nce syToprhorms
that are mecurrent or persistent™ and another 20%
may hawve mesidual symptoms that impair daily
activities and inorease the long-term risk of physical
health, =ocial and economic difficunltes* Identifying
factors that on trajectories over Home
iz important from both a clinical and a public health

Comuspaondemoa: Dr MM Makhior, CESF hsarm 1018, Cantra far
Ressarch and Population Health, Epddemdalogy of Oocupational
and Social Dweterminants of Health, Haépdal Paul Broussa,
16 avenus Paul Vadllant-Coutor der, 92800 Villsjuif, Franos.
Eermuadl : maria. msakchd ori nesrm &

Bmsceived 15 Manch 3011; evised 7 June 201 1; accepbed 7 July
2011 ; published online 30 September 2011

Prmwious research suggests thst depression is
v likely to ocour among individuals who
have low s=ociceconomic position, as measured hg
educational leweal, um:LPath:ma_l Eua.d.e- or income
Howewvwer, it iz not clear whether sodosconomic
po=ition depression tmajectories over time.
First, with few exceptions,™™ pevious studies
socioeconomic inequalities with regard to
depres=ion persistenuce have been based on high-risk
or dinical samples,**~% which may not be sufficientl y
warbed to oontrast groups with different levels of
resources.**® Second, prior investigations based on
comuni ty lee were characterized by Hmited
follow-up [up to 3 years),”*** high attrition [13% per
¥EAT OVer a 7-year ﬁ:th:rw—uPI’ or fol lowed indivi-
dusals whao weps at baseline.
evidence suggests that in the population, most health
outcomes follow a socioseconomic gradient,”” and
ﬂ:l.-e-re- iz mesd for additional data on determinants
depression  trajectories in  broad samples.
'I]:Ltn:l although depression mtes and the role of



Gene / environment interaction produces depression

environment - response to life events

— Increased number of stressful life events is associated with increased risk for
depression (OR=1.41)

« but, life events cause depression in some but not others, depending on
genotype

Can we show the interaction with a particular genotype?

genotype - SHTTLPR (serotonin transporter promotor region)

— functional polymorphism associated with gray matter reductions, possible
association to depression



Caspi et al (Science, July, 2003)

identified stressful life events known to increase risk of depression
threat loss humiliation defeat

- reaction to the life events depends on the HTTLPR genotype of the
individual?

chr17 ~50% Causasians have risk-allele (short allele)

However

— recent meta-analysis (Risch et al, JAMA,2009)

- looked at results of 14 studies well-designed to show this g x e
- no evidence for main effect of genotype on depression

- no evidence for g x e in either sex



New possible treatments?

There is a chemical that
produces remission within 80 mins
one dose effective for 7-10 days
reduces suicidal ideation
works in treatment resistant patients
What is it?
A low dose of ketamine (NMDA R antagonist)

- new treatments being developed and tested based on action of ketamine,
glutamate system

Also: LSD for alcohol addiction (1 dose lowers use for 3-6 months)
psilocybin for nicotine addiction
MDMA (ecstasy) for PTSD, major depression



Co-occurrence of disorders (Comorbidity)

« having one disorder results in 50% chance of also having another
disorder within 12 months

* more serious the disorder, the higher the comorbidity

Examples;
Anxiety disorders:

GAD, panic, phobias, OCD, PTSD - substantial genetic overlap,
differences largely nonshared e, no shared e

Internalizing:  Anxiety and depression:

genetic correlation = 1 replicated, lifetime estimates and one-year
prevalences, 23 twin,12 family studies

Externalizing: alcohol & other drug dependence, adult antisocial behavior,
conduct disorder - substantial genetic overlap

Hopefully, recognition of this in DSMV



Diffusion tensor imaging (DTI)

« maps diffusion of water through brain fibers
« shows major fiber pathways, patterns of connectivity

* white matter anomalies seen in developmental (autism),
degenerative diseases (AD, mild cognitive impairment), and in
psychopathologies (SCZ, BIP, ADHD)

* neuropsychiatric treatments produce changes in DTl measures
 may make a good new endophenotype (performed in MRI scanner)
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The evolutionary significance of depression in Pathogen

Host Defense (PATHOS-D)
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Introduction

Major on i so detrimental to survival and
reproduction that it is hard to understand why allelic
wariants that promote the dizorder hawe not been
ailled from the human genome, why in fact—far from
being culled—genes that promote depression are so
common and numerous and appear to have actually
increased in prevalence during recent human evalu-
tion.* To address this issue, we have developed a
nowel theoretical famework positing that risk alleles
for depression originated and have been lamgely
mtained in the human genome because these alleles
meode for an integmted suite of immunological
and behavioral responses that promote host defense
@niust . This enhanced pathogen defense

aenumplished primarily wia heightensd innate

Corres pandemca: Dr CL Raisan, Department of Psychiatry, Gallegs
afMadicine, Tniversity of Arimona, 1501 North Camphaell forenun,
PO B 245002, Tucson, AZ 857245137, [15A

Email craison@medadm in arizona edu

Bacaived 15 August 2011; revissd 21 Novembar 2011; acoapted 3
January 2012; published onlina 31 January 2012

immune system activation, which mesults in reduced
death from infectious causes,** especially in infancy
when selection pressure from infection is strongest,”
and the ive immune system is not yet fully
operational.* A vast literature has associated
sive symptoms and/or major depressive disorder
(MDD) with increased innate immune inflammatory
responses,’® with meta-analyses reporting the most
consistent findings for increased ma concentra-
tion= of tumor necrosiz factora [THNF-=), inted eukin-6
(TIL-6), C-reactive protein and haptoglobin.®~* Recent
indinal studies extend these cmss-sectional
ohservatioms by meporting that increased inflamma
tory markers in nondepressed individuals predic the
later development of depression.*=* Because infec-
'I:Im has been the primary cause of sady morality
and hence ml:m)dm:ﬂ?e failure across human ewalu-
tom, #4724 it would be expected that if depressive
symptoms were an integml part of a heightened
immunaological response, allelic warants that support
this response would have strang positve
selection pressure and thus would be both numerous
and prevalent, as they appear to be. However, becanse



