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SLIDE 1
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Endophenotype concept
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Phenotypes ‘
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DSM-IV
schizophrenia

’Endophenotypes l
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Endophenotypes

Intermediate
Phenotypes

Phenotypes

Phenotype Any assessable characteristic

Int diate Ph A mechanism-related manifestation
ntermediate Phenotype of a complex phenotype
Endophenotype A heritable intermediate phenotype

associated with a disease

intermediate between gene (genotype) and overt
signs and symptoms of the disorder (phenotype)

“internal” marker, (e.g. biochemical, thsiological, -
neuroanatomical, neuropsychological, perceptual,
cognitive)



Marker’s Criteria to be defined as
an endophenotype

1. An endophenotype is associated with the illness
2. An endophenotype is state-independent

3. An endophenotype of the illness is heritable and
found at a higher rate in non-affected family members

4. An endophenotype and the illness co-segregate

5. Retlect a neurobiological mechanism

Gottesman & Gould 2003
Turetsky et al., 2007



COGS - Consortium on the Genetics of Endophenotypes in Schizophrenia

Gur, et al. Schizophr Bull., 2007

»(WCST) Wisconsin Card Sorting Test

> (CPT)

»FAR — (The Facial Affect Recognition)

» McCollough Effect



http://www.scholarpedia.org/article/Image:McCollough_Effect_fig_1a.jpg
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Visual backward masking: behavioral - recap

Shine-through paradigm

n Target Vernier
SOA - variable inter-stimulus-interval
T .-
LR REREE

time

Deficits also for:

Siblings of schizophrenia patients (chkonia et al., 2010)
Adolescents with psychosis (Holzer et al., 2009)

Patients with first-episode psychosis (Favrod et al., 2018)
Students scoring high in schizotypal traits (cappe et al., 2012)
Schizoaffective patients (chkonia et al., 2012)

Patients with bipolar disorder (chkonia et al., 2012)
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adapted from
Herzog et al., 2004



EEG correlates of the shine-through paradigm

EEG experiment

Vernier Only

VD: 30ms

Long SOA: 150ms

n VD: 30ms
. ISI: 120ms
(I IFF AN A0 0

MD: 300
(O ms

Short SOA: 30ms
n VD: 30ms

. ISI: Oms

(VOO 0O

MD: 300ms

Mask Only
. (AN AE _
I MP: 300ms

Primary measure: Global field power Standard deviation across all electrodes GFP(TF) = \]

Constant stimuli

VD of 30 ms: average VD for schizophrenia patients

SOA of 150 ms: mean performance level of

schizophrenia patients

SOA of 30 ms: mean performance level of controls

Mask Only: control condition

vV (w(TF) — a(TF))’
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5 grating elements mask










25 grating elements mask










The ,shine-through” effect
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EEG task: behavior

Accuracy (%)
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EEG correlates of the shine-through paradigm

Siblings

Da Cruz et al.; 2020

Schizophrenia patients
Plomp et al., 2013
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Global field power (GFP)

EEG correlates of the shine-through paradigm
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EEG correlates of the shine-through paradigm

Schizotypy First episode psychosis

Favrod et al., 2017 Favrod et al., 2018
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EEG correlates of the shine-through paradigm

Depression ravrod etal., 2019

Vernier Only

-100 0 100 200 300 400
Time [ms]

Short SOA

-100 0 100 200 300 400
Time [ms]

Long SOA

100 200 300 400
Time [ms]

Mask Only

— Ctrl n=76
—— Dep N=26
— Sz n=90

100 200 300 400
Time [ms]

N1 amplitude: amplification of the target
+ how much intrinsic effort was put in the task

Bipolar disorder

Garobbio et al., 2021

CtrIN=9 BP N=16

SZN =121
4
Vernier Only
3
=
=, J_f
m N
©,
-..—‘W/
0
4
Short SOA

—3
=
=
g A e
Q0

| i—f—’/

0

200 0 200 400

Time [ms]

Long SOA

#

o
4

Mask Only
A
200 0 200 400
Time [ms]

21



Genetics of visual backward masking

D 30 g o 00 N = 50 patients
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T/T carriers need the longest SOA

Genetics: masking deficits in schizophrenia patients correlate well with a mutation of the
cholinergic nicotinic receptor (CHRN 0.7) sakanidze et al., 2013

Cholinergic system important to boost weak but important information
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Conclusion and take home message

» Schizophrenia patients have difficulties to enhance faint sensory information (i.e.,
target enhancement deficit) reflected by the GFP.

* The endophenotype is the adaptive behavioral performance, not the neural
correlates.

* The deficits are found along the entire continuum.

Healthy side N Clinical side

Z >ib|ings of patients

[

Controls Schizotypy First-episode psychosis  Schizophr
Schizophrenia continuum
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Visual backward masking as an edophenotype candidate for
schizophrenia: 2004 - 2022

—i—Ctrl (n=76)

Behavior EEG - Dep (n21) Compensation
Controls 1t: Herzog 2004; repeated in 1st: Plomp et al., 2013; repeated Fep | (n=21)
Schizophrenia most other studies in most other studies —8—Bip (n=13) /’.’Baseiine”
) —m— 5z (n=90)
Relatives (Sz) Chkonia 2010 Da Cruz 2020 S2Rel (n=55)
First Episode Favrod 2018 Favrod 2018 . "
Depression Chkonia 2012 Favrod 2019 R =
Bipolar Chkonia 2012 Garobbio 2021 § %_ /l\l\lo‘nasking deficit
— Qo
Schizotypy Cappe 2012 Favrod 2017 22 )y % l// In-between
Adolescents with psychosys Holzer 2009 ER » o Global reductior
Schizoaffective Chkonia 2012 5| ©
o x .
Alcohlism Chkonia 2012 X z SZ like
_'_|_
25 5 Vern
. ernier LSOA SSOA
Genetics: Bakanidze et al., 2013 only

Shagqiri et al., submitted

Herzog 2013: Schizophrenia and visual backward masking: a general deficit of target enhancement

Theory' Herzog 2015: Visual masking & schizophrenia
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EEG task: Source imaging

Differences schizophrenia patients vs. controls, when target present:
left parietal .. .. Rightprecuneus

* Right precuneus Bi Gontrols
. n% 15 T I I | I T
e Left parietal cortex: dorsal stream H I w1 1} l
8 1.0 1 I I ; ; 1
* Left and right lateral occipital cortex (LOC): ventral stream | Bl

e Left and right insula: regulates the interaction between selective
attention and arousal to keep focused on the target

left occipital | Right occipital

cortex w2 | I | ] cortex
S0 S U S S G
NIR S SR NS SN O
VO LSOA SSOA MO VO LSOA SSOA MO

Plomp et al., 2013
Da Cruz et al.; 2020
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APP Da Cruz et al., 2018

filtering via a bandpass filter of 1-40 Hz

removal of line-noise

re-referencing to the biweight estimate of the average of all electrodes
removal and 3D spline interpolation of bad electrodes

removal of bad epochs

independent component analysis (ICA) to remove artifacts related to eye movements,
muscle activity, and bad electrodes

and removal of epoch artifacts.
The clean EEG data were then re-referenced to the common average reference.

We extracted EEG epochs from 100 ms before (baseline) to 400 ms after stimulus onset.

The averaged epochs for each participant were baseline corrected.

On average, 0.5 channels per EEG recording were interpolated. The proportion of
rejected trials was about 2% for each EEG recording.
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Source Imaging - Visual backward masking
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Da Cruz.; 2020
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For patients vs controls, clusters were located bi-laterally in the
middle temporal gyrus and insula, as well as in the left precentral
gyrus and the right precuneus. For patients_45 vs siblings_45, clusters
were located in the left middle temporal gyrus, right inferior occipital
gyrus, right/left insula, left postcentral gyrus, and right precuneus

It has been proposed that the right insula regulates the interaction
between selective attention and arousal to keep focused on the
target. Too little activity of the right insula, as in patients, may lead to
an impairment in collecting evidence for decision making. Too much
activity of the right insula, as in siblings, might indicate that
participants need to engage more to achieve a good performance in
this challenging task.

Fig. 3. Source imaging results. (A) Clusters exhibiting significant Group XCondition interaction effects for patients vs controls are
indicated in red. (B) Average current density (CD) at the center of mass (CoM) for the 6 clusters, indicating the direction of the
interaction effects. (C) Clusters exhibiting significant Condition effects for patients_45 vs siblings_45. (D) Patients_45 vs siblings_45
difference score at the CoM for the 6 clusters, indicating the direction of the differences. In general, group differences were larger in target
conditions compared to the Mask Only condition. Error bars indicate SEM. (Colored figure is available online.)
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GEP (V)

ERPs VBM segmented into microstates
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P100, P300 of VBM

P1, which appears at 100 ms, is thought to reflect the physical properties of the stimulus and sensory processes (Luck
et al., 2000). The masking paradigm does not elicit a strong P1. For this reason, it was not investigated further.

Second, the P3 or P300, which appears around 300 ms, reflects cognitive processes such as working memory (Polich

and Kok, 1995; Polich, 2007). Here, this component appears in the schizotypy study. It is possible that because the
task is very challenging (5-element mask with short SOAs), participants need to allocate another resource (i.e., P300)

to retrieve the information related to the vernier in their immediate memory.
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Genes Relationship to

shared schizophrenic individual
T Constant across time and independent of culture: 1% SZ
i populatio;\(] 1% Why is there no reduction? SZ patients have less offsprings
12:5%
(third-degree First cousin :| 2%
relatives)
Uncle/Aunt :] 2%
25% Nephew/Niece 4% Sy : .
(second-degree No significant ge-:netlc correlates;
relatives) Grandchild 59, all SNP odds ratios < 2
Half sibling 6% The International Schizophrenia Consortium, Nature, 2010
Parent [ 6 o/,
50 % Sibling [
(first-degree
relatives) Child
Dizygotic twin SZ has a strong genetic component
100% Monozygotic twin
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Genetics of visual backward masking

Nicotine consumption

Schizophrenia patients

Relatives
140
Controls
A I Smoker I Non-Smoker
<
o 80 -
(7]
60
40 -
0

Smo (N=87) N-Smo(N= 33] Smo (N= 54} N-Smo (N=! 59} Smo (N= 41] N-Smo (N=50)

Adapted from Shagqiri et al., 2015

Cholinergic system important to boost weak but important information

33



Genetics of visual backward masking: GWAS

Schizophrenia patients: N=214
Genome wide association study with VBM as a covariate on:  Relatives of patients: N=113
Controls: N=148

No significant SNP or genes, but sample size is small (rs904952 did not pass quality controls)
PRS scores correlated with the performance on the VBM task

A B

~logiddp)
~logsolp)

Shagqiri et al., submitted
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Target enhancement hypothesis

A B Attention
High level
neurons
Recurrent
amplification
V1, layer IV ‘ I m ¢ ACh

|
¢ o

Retina / LGN

I Herzog et al., 2013;

Herzog et al., 2015

A) only weak neural responses |

B) relq]yr%nt processing, attention, neuromodulation: weak response of the Vernier is
amplifie

N1 amplitudes: amplification of the target
N1 amplitudes lower in patients: process of target enhancement is dysfunctional
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Conclusion and take home message

Schizophrenia patients have difficulties to enhance faint sensory information (i.e., target
enhancement deficit) reflected by the GFP.

The endophenotype is the adaptive behavioral performance, not the neural correlates.

The deficits are found along the entire continuum.

Deficits are shared to some extent between disorders, reflecting the complex genetics of
psychiatric diseases.

Autismn continviviam

PSYCHIATRIC GENOMICS Siblings of patients

. e Controls Schizotypy First-episode psychosis Sch
Analysis of shared heritability in Schizophrenia continuum
common disorders of the brain
The Brainstorm Consortiumt 2018 BipOIar Continuum

Depression continuum
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