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Classic tools for medical diagnoses/research



Schizophrenia
• Symptoms typically come on gradually, begin in young 

adulthood, 
• 0.3–1.0% of people are affected by schizophrenia during 

their lifetimes, males > females
• Wide range of “positive” and “negative” Symptoms:

– elusions, disordered thoughts and speech, and tactile, auditory, 
visual, olfactory and gustatory hallucinations

– little emotion, poverty of speech, inability to experience 
pleasure, lack of desire to form relationships, and lack of 
motivation. 

• Wide range of cognitive dysfunction:  working memory, 
long-term memory, verbal declarative memory, semantic 
processing, episodic memory, attention, learning

• Additionally: anxiety disorders, major depressive illness, 
substance-use disorders



Chlorpromazine
• it’s drug characteristic (blocking DRD2 receptor) 

is still the central pharmacologic mechanism for 
treating psychotic diseases (schizophrenia) 

• Common side effects include movement 
problems, sleepiness, dry mouth, low blood 
pressure upon standing, and increased weight.

• Serious side effects may include the potentially 
permanent movement disorder tardive 
dyskinesia, neuroleptic malignant syndrome, and 
low white blood cell levels



Chlorpromazine cont.

• World Health Organization's List of Essential 
Medicines
– “one of the great advances in the history of 

psychiatry”
• found 1950 in France in anaesthetic research 

–> incidental finding



“The molecular targets of all of today’s approved psychiatric drugs are the same as the 
targets of their pre-1960 prototypes (Table 2), and their mechanisms of action are not 
understood beyond a few initial molecular events13.”

P S Y C H IA TR IC  D R U G  D I S C O V E R Y 

Revolution Stalled 
Steven E. Hyman
Science Translational Medicine October 10, 2012

Slide: M.Daly
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Heritability consistent and indisputable…

Sullivan, Daly, O’Donovan 2012



1. Predict if/when someone will develop a 
specific disorder, how severe it will be, and 
what treatment could work best.

2. Understand the biology of the disease so 
we can design better treatments, possible 
prevention strategies and early 
diagnostics.

Genetics:



Recessive Trait – blue eyes



Huntington’s Disease
• Symptoms:

– subtle problems with mood or mental abilities
– general lack of coordination and an unsteady gait 
– uncoordinated, jerky body movements
– Mental abilities generally decline into dementia
– Symptoms usually begin between 30 and 50 years of 

age



Huntington’s Disease
• HD affects about 4 to 15 in 100,000 people of 

European descent.
• HD is typically inherited from a person's parents.
• Diagnosis is by genetic testing, which can be 

carried out at any time, regardless of whether or 
not symptoms are present.

• The disease is caused by an autosomal dominant 
mutation in either of an individual's two copies of 
a gene called Huntingtin.

• There is no cure for HD.



Genetic Testing – PKU 
(Phenylketonuria)

• Inherited (autosomal recessive) disorder that 
increases the levels of phenylalanine in the blood

• If PKU is not treated, phenylalanine can build up to 
harmful levels in the body, causing intellectual 
disability and other serious health problems

• PKU occurs in 1 in 10,000 to 15,000 newborns
• Most cases of PKU are detected shortly after birth by 

newborn screening, and treatment is started promptly
• People who are diagnosed early and maintain a strict 

diet can have normal health and a normal life span



Glazier, Nadeau and Aitman, Science 2002

Success of research in 
mendelian traits vs. complex traits

Dark Ages of complex trait genetics



Slide from Marieke Klein

Study design for gene-finding studies in complex disorders
GWAS = current gold standard

• Hypothesis-generating

• Tests > 7.000.000 single nucleotide 
polymorphisms (SNP) distributed 
over the genome à need strong 
evidence à need big sample size

• Able to identify genetic factors of 
small effect size



Association Studies

Cases

Controlsallele	1
allele	2 Test	allele	1	frequency		

Slide from Ben Neale



Cases

Controlsallele	1
allele	2 Test	allele	1	frequency		

Slide from Ben Neale

Repeat 7+ million times for 
all of your markers

-> need big sample sizes for 
strong evidence

Genome Wide Association Studies



How to achieve big sample sizes?

1) Genome Resources
2) Technology

3) Collaboration



PGC SCZ: PCA plot







GWAS in Psychiatry
• Given the success in other medical fields, 

hopes were understandably high



q
SCZ – 2009 (ISC)

2601 cases, 3345 controls

0 genome wide significant sites



Ø Basic figures:
Ø >800 members
Ø >100 institutions
Ø 36 countries

Ø Data:
Ø Raw genomic data from 

~ 400,000 individuals 
today

Ø 9 psychiatric disorders 
(more are coming)

Ø BIP, SCZ, MDD, AUT, 
ADD, AN, PTSD, OCD, 
SUA



35,476 cases and 46,839 controls

97 genome wide significant sites
(108 with replication) 



GRIN2A (chr. 16): NMDA 
glutamatergic receptor subunit 

GRM3 (chr. 7): metabotropic 
glutamate receptor 3

SRR (chr. 17): serine racemase

The glutamatergic hypothesis



Dopamin receptor (DRD2) is amongst the associated hits



Calcium Channels (e.g. CACNA1C, chr. 12) 
are amongst the associated hits

CACNB2 (chr. 10) CACNA1L (chr. 22)



CACNA1C - BIP



Discoveries over samplesize

Crohn’s: ~ 10 / 1,000

Schizophrenia: ~ 4 / 1,000

(Bipolar Disorder: ~ 3-4 / 1,000)

N Hits (p < 5.0 * 10-08)

N cases

Adult Height: ~ 3 / 1,000

PGC w3

PGC w3 
(only CEU)

PGC w2





65,205 cases and 87,919 controls

248 genome wide significant sites
(256 with replication from Decode) 

PGC SCZ wave3



Replication of the ISC-derived polygenic component in
independent schizophrenia and bipolar disorder samples.

The International Schizophrenia 
Consortium Nature (2009) 

Shaun Purcell

38



Increase in polygenic risk score prediction



PRS



Schizophrenia PRS analysis

SCZ (using 51 datasets with N at top 1% ≥ 10 and at least 1 control sample)

Top 20% of distribution Remaining 80% 3.91 [3.79-4.03] <1×10-300

Top 10% of distribution Remaining 90% 4.46 [4.27-4.65] <1×10-300

Top 5% of distribution Remaining 95% 5.10 [4.79-5.43] <1×10-300

Top 1% of distribution Remaining 99% 6.45 [5.62-7.41] 3.49×10-153

AUROC =0.695; NO NO NO NO to clinical prediction in the population

Khera et al. 2018 (PMID:  30104762)

Top 20% of Bottom 20% 9.45 [9.04-9.88] <1×10-300

Top 10% of Bottom 10% 16.53 [15.41-17.73] <1×10-300

Top 5% of Bottom 5% 25.09 [22.54-27.93] <1×10-300

Top 1% of Bottom 1% 44.55 [34.09-58.26] 5.03×10-170

Huge difference between low and high. YES for research 



• Completed cross-disorder 
analysis of eight PGC 
disorders

• Identified 146 loci:
– 109 with pleiotropic effects
– 33 novel

PGC Cross Disorder







Genetic Testing Complex Trait
Prostate Cancer

• Stockholm3 test (STHLM3):
– Combination of:

• five protein markers
• more than a hundred genetic tracers
• clinical data

– reduces the number of prostate biopsies
– www.sthlm3.se



Google: genorakel, aerzteblatt



Google: 3sat, erbgut orakel



Etwas kurz gefasst, GWAS ist sicher nicht nur für PRS entwickelt worden

PRS lassen durchaus mit Umweltdaten kombinieren, siehe Stockholm3 test



Deckt sich mit unseren Beobachtungen

Das würde nun nicht gegen einen klinischen Einsatz sprechen
Das Argument wird mehrfach im Artikel genannt



Absolut einverstanden



Unsere Zentralarbeit wird zitiert! 
Frage: ist denn dieses Positivbeispiel nicht schon fast eine Sensation

für eine Krankheit ohne irgendeinen Biomarker?

Zum ersten kann man diese Nicht-Berücksichtigung ja ändern, 
zweitens ist das nicht ganz richtig



Diese starke Vereinfachung des Sachverhaltes ist fast irreführend



Alle diese Gründe könnte man leicht ändern, 
spricht also nicht gegen eine klinische Einführung



Siehe Beispiel der Phenylketonurie, die heutzutage fast unbekannt ist



Das ist ein sehr guter Punkt. Andere Länder werden diese Analysen sicher durchführen



Ich glaube hier lassen sich viele Psychiater und Humangenetiker finden,
die laut protestieren würden



Sehr positives Ende eines kritischen Artikels



Diskussionspunkte

• Polygene Risikoscores reif für den klinischen 
Alltag?

• Sollten sich Kliniker mit diesem Thema 
befassen?

• Sollte sich die Forschung mit diesem Thema 
befassen?
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and probands who have 
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