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 Psychopathy is characterized by a number of traits groupable in two main 

dimensions: the interpersonal/affective dimension that includes shallow affect 

and lack of empathy, guilt and remorse, and the social deviance dimension that 

comprises impulsivity, irresponsibility and antisocial personality.[1] In the USA, up 

to 25% of institutionalized males meet criteria for psychopathy, as compared to 

1% in the general population; psychopathic criminals are more violent, resistant 

to treatments and prone to criminal recidivism than non-psychopathic inmates.[2-5] 

Due to these reasons, psychopathy encountered the interest of forensic 

psychiatrists, and psychopathy assessment entered the forensic clinical 

procedures representing “a formidable therapeutic challenge for the mental 

health and criminal justice systems”- Hare 2009.[6-7] 

Research conducted over the past 25 years has provided initial evidence 

in support of the hypothesis that, in genetically vulnerable subjects, psychopathy 

may be associated with an altered brain developmental trajectory consequent to 

early life aversive experiences.1,8-10].Twin studies have shown that genetics 

explains from 25% up to 69% of psychopathy variance, while the remaining 

difference may be ascribed to non-shared environmental factors.[10-15] Recent 

studies suggested that certain genetic polymorphisms within the serotonin and 

oxytocin pathways may modulate susceptibility to psychopathy.[16-19] Additionally, 

a genetic contribution of the dopamine pathway to youth callous unemotional 

(CU) traits has also been described.[18-20] CU traits are characterized by shallow 
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affect and lack of empathy and guilt, mimicking some of the emotional deficits 

observed in adult psychopathy.[21] 

To deepen our understanding of the complex gene and environment 

interplay in the risk for developing psychopathy, here we investigated a number 

of candidate polymorphisms of the serotonin (i.e., MAOA u-VNTR, 5-HTTLPR, 

HTR1B-rs13212041, HTR2A-rs6314 and TPH2-rs4570625) and dopamine (i.e., 

ANKK1-rs1800497, TH-rs6356, DRD4–exonIII-VNTR, DRD4-rs1800955, DAT1-

VNTR and COMT-rs4680) pathways in interaction with parenting style. Data from 

232 USA White male inmates were collected by using PCL-R (Hare Psychopathy 

Checklist-Revised). DNA extracted from their saliva was used to genotype the 

selected polymorphisms.	 Parenting style was collected by MOPS (Measure of 

Parental Style), a self-report instrument for the evaluation of maternal and 

paternal indifference, overcontrol, and abuse suffered during the first 16 years of 

life. 

A stepwise linear regression analysis showed that paternal MOPS scores 

produced a significant model (R2=0.044, F1,202=49.231, p=0.003; β=0.221) that 

explained 4% of the variance of PCL-R scores, while maternal MOPS scores did 

not contribute to the variance. 

After including genetic data into the analysis, we observed that the PCL-R 

variance explained by paternal MOPS scores increased to 7.4% in interaction 

with HTR1B-rs13212041-T/T genotype (R2=0.08, F1,144=12.515, p=0.001; 

β=0.283), to 10% with ANKK1-rs1800497-T-allele (R2=0.108, F1,112=13.571, 

p=0.000355; β=0.329) and to 13.9% with TH-rs6356-G/G genotype (R2=0.153, 

F1,62=11.193, p=0.001; β=0.391), respectively (figure 1). 

Furthermore, in carriers of both ANKK1-rs1800497-T-allele and TH-

rs6356-G/G genotype, paternal MOPS scores explained 35% of the PCL-R 

variance (R2=0.377, F1,27=16.365, p=0.000393; β=0.614), suggesting a 

synergistic action between these two dopaminergic alleles in making their 

carriers more sensitive to paternal maltreatment. Finally, in carriers of ANKK1-

rs1800497-T-allele, TH-rs6356-G/G and HTR1B-rs13212041-T/T genotypes, 

paternal MOPS scores predicted 43% of the PCL-R variance (R2=0.459, 
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F1,19=16.111, p=0.001; β=0.677), suggesting a further additive contribution by 

this serotonergic genotype (figure 1). 

Overall, our results show that while paternal maltreatment per se exerts a 

minimal influence on psychopathy, when combined with specific genetic alleles, 

its effects become ten-fold higher. 

 HTR1B-rs13212041 (C/T) modulates the expression of the serotonin 

receptor 1B, as the T-allele allows the interaction with a regulatory microRNA 

(miR96) that reduces gene expression.[22] The association that we observed 

among HTR1B-rs13212041-T/T genotype, paternal maltreatment and PCL-R 

scores is in line with previous studies showing that childhood adversities induce 

epigenetic changes in HTR1B, which affect the callous unemotional traits as 

well.[23-25] As presynaptic HTR1B exerts an inhibitory control on serotonin 

release, an increased availability of serotonin, mediated by T/T genotype, may 

affect amygdala responsivity to aversive cues and play a role in the pathogenesis 

of the emotional dysfunctions distinctive of psychopathy. [26-28] 

ANKK1-rs1800497 (C/T) is a missense variant, located very close to the 

dopamine receptor D2 (DRD2) gene, that affects DRD2 expression. The ANKK1-

rs1800497 T-allele, in fact, has been reported as associated with reduced DRD2 

binding.[29] The observed interaction between ANKK1-rs1800497-T-allele and 

paternal maltreatment is consistent with previous findings showing that T-allele 

carriers are more sensitive to rearing environments than C/C genotype 

carriers.[30] As presynaptic DRD2 exerts an inhibitory control on dopamine 

release, the increased availability of dopamine, mediated by the ANKK1-

rs1800497-T-allele, may contribute to the functional impairment of the dopamine 

reward circuitry observed in psychopaths, which may represents the neural 

substrate of impulsive and antisocial facets of psychopathy.[31] 

Finally, TH-rs6356 (G/A) is an exonic missense variant of the tyrosine 

hydroxylase (TH) with unknown functional effect that may modulate the 

dopamine synthesis rate. 

Our results may actually reflect more complex mechanisms, as DRD2 is 

also located on postsynaptic dopaminergic neurons, and both HTR1B and DRD2 
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are located on postsynaptic GABAergic, glutamatergic and acetylcholinergic 

neurons.[32-33] 

In summary, we identified a genetic profile consisting of ANKK1-

rs1800497-T-allele, TH-rs6356-G/G and HTR1B-rs13212041-T/T genotypes that 

seems to make carriers significantly more sensitive to paternal maltreatment and 

that may be predictive of higher levels of psychopathy. 

These findings expand our current understanding of the role that the 

complex interplay between nature and nurture exerts on the risk of developing 

psychopathy, with important implications from both a clinical and a forensic 

perspective.[9,34] 

 

 

 

 

 

 
 
Figure 1. Correlation between father’s MOPS scores and PCL-R scores as a 
function of genotype. 
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