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Genetic predisposition to schizophrenia: what did we learn and 
what does the future hold?

Schizophrenia is a complex, devastating brain disorder with clear genetic and environmental 
contributions to the emergence of the disease. In the last several decades of research hun-
dreds of millions of dollars were spent of the elusive search for schizophrenia susceptibility 
genes, but the results have been meager. Researchers have identified a number of genetic 
variants that predispose the brain to developing the disease, yet alone they can explain only 
a very small number of the schizophrenia occurrence. Vulnerability in DISC1, NRG1, DTNBP1, 
RGS4, KCNH2, COMT, AKT1 and other putative schizophrenia genes, together with copy 
number variants, leave unexplained the vast majority of diseased cases. Furthermore, most 
of the uncovered disease-associated genetic variants have been inconsistently replicated 
across multiple cohorts and do not lead to altered protein structure. In summary, we argue 
that large-scale genetic studies will not provide us with the answers we seek: we have to 
accept that there are no schizophrenia-predisposing genes with large effect sizes, and due 
to the diversity of findings, genetics-based novel therapies of schizophrenia are not realistic. 
The new treatments will have to come from functional studies of intracellular pathways and 
understanding the confluence of environmental influences and genetic predisposition, and 
their combined effects on developmental mechanisms and intracellular cascades.
(Neuropsychopharmacol Hung 2011; 13(4): 205-210; doi: 10.5706/nph201112003)
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Schizophrenia is a complex, debilitating psychiatric 
disorder with a median lifetime prevalence of 4 per 

1000 and lifetime morbidity of 7.2 per 1000 (McGrath 
et al., 2008). Both genetic and environmental factors 
contribute to the development of the disease (Must et 
al., 2011). The biology of schizophrenia encompasses 
various structural and molecular brain abnormali-
ties (Balla and Frecska, 2011), changes in neuronal 
connectivity (Tenyi, 2011), with various therapeutic 
approaches (Gazdag and Ungvari, 2011), clinical 
outcomes (Kalman and Kalman, 2011) and forensic 
implications (Baran and Gazdag, 2011). 

Genetics plays a major role in the etiology of 
schizophrenia with an estimated heritability of 81% 
(Sullivan et al., 2003). Evidence for common or shared 
environmental influences on liability to schizophrenia 
is estimated of 11% (Sullivan et al., 2003), although 
the exact ratio between the environmental and genetic 

contribution to developing schizophrenia is somewhat 
debatable. During the past decades many associations 
between schizophrenia and genetic risk factors have 
been reported, but only a very few can be considered 
schizophrenia susceptibility genes. This “candidate 
gene approach” tested >800 genes for association with 
developing schizophrenia (Harrison  and Weinberger,  
2005; Gogos and Gerber, 2006), suggesting that various 
DNA elements in DISC1 (disrupted in schizophrenia  
1) (Ekelund et al., 2004; Hennah et al., 2003; Hodgkin-
son et al., 2004); NRG1 (neuregulin 1) (Stefansson et 
al., 2002; Stefansson et al., 2003; Williams et al., 2003; 
Corvin et al., 2004; Yang et al., 2003; Tang et al., 2004; 
Zhao et al., 2004; Li et al., 2004); DTNBP1 (dysbindin, 
also known as dystrobrevin binding-protein 1)(Kirov 
et al., 2004; Straub, 2002; Schwab et al., 2003; Williams 
et al., 2004); RGS4 (regulator of G-protein signaling 
4) (Mirnics et al., 2001; Chowdari et al., 2002; Morris 
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et al., 2004), KCNH2 (potassium voltage-gated chan-
nel, subfamily H, member 2) (Huffaker et al., 2009), 
COMT (catechol-O-methyltransferase) (Shifman et 
al., 2002; Glatt et al., 2003a), AKT1 (v-akt murine 
thymoma viral oncogene homolog 1) (Emamian et al., 
2004; Schwab et al., 2005), DRD2 (dopamine receptor 
D2) (Schindler et al., 2002; Glatt et al., 2003b; Jonsson 
et al., 2003; Arranz and de Leon, 2007), HTR2A (5-hy-
droxytryptamine (serotonin) receptor 2A) (Williams 
et al., 1996) contribute to the emergence of the dis-
ease. However, none of these findings were replicated 
across all the studied cohorts, and the effect sizes of 
these putative schizophrenia-susceptibility genes were 
very low in all cases, never explaining more than a 
few percent of the disease cases.

More recently, several schizophrenia-focused 
genome-wide association (GWA) studies have been 
carried out, analyzing genetic predisposition across 
the whole human genome. Among these, only two 
GWA studies have reported genome-wide levels of 
significance, while the rest have failed to detect real 

susceptibility factors (Purcell et al., 2009; Shi et al., 
2009; Stefansson et al., 2009; Sullivan et al., 2008; 
Lencz et al., 2007; Need et al., 2009). From the posi-
tive GWA studies, two leads appeared to be most 
promising: the association with the MHC region (Shi 
et al., 2009) and with zinc-finger protein ZNF804A 
(O’Donovan et al., 2008) (although only with and 
odds ratio of 1.09). Some of the subsequent meta-
analyses (Steinberg et al., 2011; Williams et al., 2011) 
and case-control studies (Riley et al., 2010) provided 
support for the initial GWA findings, but in some 
cases the results have only been partially reproduced 
(e.g. only female-dependent association) (Zhang et 
al., 2011). 

After recognition that both the candidate gene and 
GWA approaches failed to provide strong evidence for 
the ‘common disease, common variant’ hypothesis, a 
‘common disease, multiple rare variants’ hypothesis 
became a focus of follow-up investigation. The as-
sessment of “copy number variations” (CNVs) (DNA 
deletions and duplications from about one kilobase 

Figure 1   “When it comes to the treatment of patients with chronic schizophrenia, the glass is only half-full. “ Jeffrey A. Lieberman, 

Columbia University.
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to several megabases in size) across the human ge-
nome found that these variants were more frequently 
found in schizophrenic patients than healthy controls 
(Walsh et al., 2008; Stone et al., 2008). Unfortunately, 
just like the ‘common disease, common variant’ hy-
pothesis, the ‘common disease, multiple rare variants’ 
was also unable to account for the heritability of the 
majority of the schizophrenia cases. 

So, if schizophrenia shows 81% heritability, where 
are the major schizophrenia susceptibility genes? The 
answer is simple: there are none that will account for 
a large proportion of disease cases. And it doesn’t take 
a visionary to conclude that the new whole genome 
sequencing studies will also find none of them. Ex-
panding the genetic studies to hundreds of thousands 
of patients will also fail. The best proof of this is a 
recent assessment of body height (Visscher, 2008), 
which is also a trait with a heritability of approxi-
mately 80%. In this GWA study, assessing approxi-
mately 63,000 adults identified a number of highly 
significant genetic factors associated with the height 
of the individual – yet, all these factors together could 
account for less than 10% of phenotypic variability. 

 The problem is the complexity of the biology, not 
the deficiency of the technical methods to identify 
the major genetic susceptibility factors. We should 
accept that investigation of schizophrenia genetics 
will not identify major susceptibility genes, meaning-
ful drug targets or reliable genetic tests for predicting 
who will develop schizophrenia. The genetics is so 
diverse, so complex that the genetic makeup of each 
individual (coupled with environmental influences 
and the broadness of the clinical diagnosis) will make 
it extremely difficult to generalize individual con-
clusions to the whole population of schizophrenics. 
After all, the existing antipsychotic therapies did not 
develop out of our genetic findings: dysfunction of 
the dopaminergic neurotransmission in schizophre-
nia is a physiological explanation for the efficacy of 
D2-agents, and not a result of genetic vulnerability.

Ultimately, personalized medicine and treatment 
should take center stage; we should tailor therapies 
to be best suited for individual patients. And this is 
where the future of psychiatric genetics lies: by pre-
dicting the relationship between genetics and phar-
macokinetics/pharmacodynamics, pharmacogenetics 
can already forecast therapeutic responses and ad-
verse effects for many treatments. For example, most 
of the used antipsychotic drugs are metabolized by 
variable enzymes, including the cytochrome P450 sys-
tem (e.g. CYP2D6, CYP2C9, CYP2C19) (Kirchheiner 
et al., 2004). Based on the genetic profile, patients  

can be classified as poor, intermediate, extensive or 
ultrarapid metabolizers (Nebert and Dieter, 2000) and  
the genetic variants of these enzymes predict the way 
drugs are metabolized and inform us about the likeli-
hood of treatment success (Maier and Zobel, 2008). 
Furthermore, there is emerging evidence that RGS4 
polymorphisms can also predict clinical manifesta-
tions and responses to risperidone treatment in pa-
tients with schizophrenia (Lane et al., 2008), and that 
treatment with perphenazine is more effective than 
treatment with quetiapine or ziprasidone in individu-
als of inferred African ancestry (Campbell et al., 2008).

Hollow, undeliverable promises of psychiatric 
genetics to identify novel drug targets or uncover-
ing major schizophrenia susceptibility genes must 
end. We should accept that therapeutic targets will 
be identified primarily using non-genetic knowledge, 
knowledge that will focus on convergence of mo-
lecular pathways and altered physiology, and will 
understand how molecular events translate to altered 
behavior, cognition and emotion.
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A szkizofrénia súlyos, komplex agyi betegség, egyértelmű genetikai és környezeti befo-
lyásoltsággal. Az elmúlt évtizedekben dollármilliókat költöttek a megfoghatatlannak tűnő 
szkizofréniára hajlamosító gének kutatására, ám ezen kutatások igen csekély eredménnyel 
jártak. A kutatók számos genetikai variánst azonosítottak, amely hajlamossá tehet ugyan  
a betegség kialakulására, ám ezen variánsok önmagukban a betegség jelenlétét csak igen kis 
mértékben magyarázzák. A DISC1, NRG1, DTNBP1, RGS4, KCNH2, COMT, AKT1, és más, lehetsé-
gesnek vélt szkizofrénia-hajlamosító gén, a kópiaszám-variációkkal (copy number variations) 
együttesen sem képes a szkizofrén esetek legnagyobb részének magyarázatára. Továbbá  
a legtöbb, betegséggel összefüggésbe hozható genetikai variánst vizsgáló tanulmány gyakran 
nem reprodukálható és nem vezet megváltozott fehérjeszerkezethez sem. Mivel a széleskörű 
genetikai vizsgálatok nem hozták meg a kívánt eredményt, ma már biztosra vehetjük, hogy 
nincsenek erős hatású szkizofrénia-hajlamosító gének, és a genetikára alapozott terápia sem 
tűnik megvalósíthatónak. A fejlődéstani folyamatok és intracelluláris kaszkádmechanizmusok 
zavarai jelentik a szkizofrénia biológiai alapját, és ezért az új kezelések kifejlesztése a szkizofrén 
agyállomány funkcionális vizsgálataitól, valamint a genetikai és környezeti hatások között 
fellépő interakciók megértésétől függ. 

Kulcsszavak: szkizofrénia, genetikai hajlam, hajlamosító gének, kópiaszám-variáció, copy 
number variation, genome-wide association studies

A szkizofrénia és a genetikai hajlam: mit tudunk,  
és mit hoz a jövő?


