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1. Genetic polymorphisms of the 5-HT1A receptor  

(Supplemental material to section 3.3 of the main paper) 

 
The 5-HT1A receptor is encoded by an intronless gene (HTR1A) located on the mouse 

chromosome 13 and human chromosome 5q12.3. Several rare polymorphisms, including the 

Gly22Ser variant which results in altered agonist-elicited down-regulation, have been found 

within the protein coding of HTR1A. Lemonde and colleagues have also reported a functional 

C(-1019)G single nucleotide polymorphism (SNP) in the transcriptional control region of 

HTR1A (HTR1A-1019). In vitro experiments on patients suffering from major depression and 

suicide completers showed that the G variant displays differential binding efficiency of the 

repressor/enhancer type transcriptional regulator NUDR/DEAF-1. NUDR/DEAF-1 is thus co-

expressed with both pre- and postsynaptic 5-HT1A receptors, but its regulation of HTR1A 

transcription may vary in presynaptic raphe vs. postsynaptic target cells (1). This data also 

indicates that NUDR is a repressor of the 5-HT1A receptor in raphe cells and the function of 

which is altered by a promoter polymorphism. These results support the postulated role of the 

5-HT1A receptor in depression and suicide and, are convincing evidence linking NUDR and 

5-HT1A with major depression and completed suicide.  

 

The role of HTR1A-1019 polymorphism in the modulation of individual differences in 

personality traits was investigated in a genetic population study with healthy volunteers (2). It 

was hypothesized that the HTR1A-1019 genotype would be associated with scores on 

measures of personality traits related to anxiety, particularly with the Neuroticism and Harm 

Avoidance subscales of the Revised NEO Personality Inventory (NEO PI-R) and 

Tridimensional Personality Questionnaire (TPQ) respectively. Indeed, a significant effect of 

HTR1A-1019 SNP on NEO PI-R Neuroticism was observed: carriers of the G allele had 

higher neuroticism scores than noncarriers, mainly due to associations of HTR1A-1019 SNP 

with anxiety and depression, while no significant associations with the other neuroticism 

factors were observed. As anxiety-like behavior was observable not only in 5-HT1A -/- null 

mutant mice but also in heterozygous 5-HT1A +/- mice, which indicates that a partial receptor 

deficit is sufficient to cause the behavioral phenotype (3-5), the sample was furthermore 

divided according to the absence (G-) or presence (G+) of the G allele. Here significantly 

higher TPQ Harm Avoidance scores of the HTR1A-1019 SNP in carriers of the G allele were 
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observed, while there were no associations with other NEO PI-R domain scales as 

extraversion, openness, agreeableness and conscientiousness. These results indicate that 

allelic variation in 5-HT1A receptor expression modulates individual differences in anxiety-

related personality traits, further supporting the evidence linking the 5-HT1A receptor to the 

pathophysiology of anxiety. 

 

In the last 10 years, knowledge of the role of serotonin in the neurobiology of panic disorder 

(PD) has grown significantly due to new research tools including experimental, treatment, 

neuroimaging, and genetic studies (6). As several preclinical and clinical studies implicate the 

5-HT1A receptor in the pathogenesis of PD, in a study by Rothe et al., 134 patients with PD 

were investigated for the impact of HTR1A-1019 polymorphism using an association analysis 

(7).  The results indicated that HTR1A-1019 polymorphism contributes to the pathogenesis of 

agoraphobia in PD. Huang and colleagues, who reported an association of the HTR1A-1019 

SNP with PD as well as with schizophrenia and substance use disorders, reported similar 

findings (8). Further investigations will reveal whether therapeutic responses to serotonergic 

agents are influenced by this HTR1A variation. 

 
 
2. Pharmacological effects on the 5-HT1A receptor in anxiety disorders 

(Supplemental material to section 3.1 of the main paper) 

 

Another important pharmacological PET study was performed on healthy volunteers by Sibon 

et al., who observed a decreased [18F]MPPF binding potential in the dorsal raphe nucleus after 

a single oral dose of the SSRI fluoxetine implying an internalization of 5-HT1A autoreceptors 

(9). The internalization of 5-HT1A receptors was previously described by Riad et al., using 

immunoelectron microscopy in the DRN of rats acutely treated with 8-OH-DPAT or with 

fluoxetine (10). The authors suggested that decreased binding associated with 5-HT1A 

autoreceptor internalization may be greater in depressed and anxiety disorder patients than in 

healthy subjects. This implies the need for a better understanding of the normal as well as 

pathological regulation of serotonin neurotransmission. 

 

Therapeutic agents targeting the 5-HT1A receptor, such as gepirone, have proven effective in 

the treatment of major depression, and when used in an optimal way, provide an attractive 

alternative to SSRIs or other antidepressants (11). In case of anxiolytic activity, the 

azapirones, such as buspirone, which are full agonists at 5-HT1A autoreceptors and partial 
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agonists at postsynaptic 5-HT1A receptors, were the first pharmacotherapeutic alternatives to 

benzodiazepines in the treatment of generalized anxiety disorder (GAD), first described by 

Goldberg et al. (12) and later on presented in controlled studies (13-15). 

 

For details of the pharmacological treatment of anxiety, obsessive-compulsive and post-

traumatic stress disorders, see the guidelines of the World Federation of Societies of 

Biological Psychiatry (16). 

 
 
3. Pharmacological effects on the 5-HT1A receptor in animals 

(Supplemental material to section 2.5 of the main paper) 

 

Data collected on high DPAT-sensitive rats with elevated 5-HT1A receptors seems to be 

inconsistent with data from knock-out mice with almost no 5-HT1A receptors because it 

shows that rodents with differing receptor status exhibit the same behavioral phenotype. This 

difference however may be explained simply as a species difference, as pharmacological 

studies have demonstrated that 5-HT1A antagonists may have anxiolytic properties in rats but 

not in mice. An acute injection of 8-OH-DPAT into the hippocampus elicits an anxiogenic 

response in normal rats but not in HDS rats. As similar tests have not been done on knock-out 

mice, the difference cannot be fully explained. Previously it was believed that it could be due 

to the different locations of the 5-HT1A receptor alterations (it was increased in forebrain 

regions in HDS rats and reduced in the raphe nuclei in knock-out mice); however this has 

been disproven by a recent study with conditional and tissue-specific knock-out mice (17). 

Gross et al. suggested that the postsynaptic 5-HT1A receptor has a developmental, organizing 

influence but the question of the existence of developmental abnormalities in 5-HT1A 

receptor expression in HDS rats remains open. 
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Supplemental Table 1 
 
 
Selected agonists and antagonists to the 5-HT1A receptor 
 
Agonists and partial agonists Antagonists 
8-OH-DPAT Lecozotan (SRA133) 

LY 274601 Pindolol 

LY 228729 Methiothepin 

LY 165163 Robalzotan (NAD-299) 

Gepirone Spiperone 

Ipsapirone WAY-100135 

Flesinoxan WAY-100635 

Buspirone CPC-222 

BMY 7378 (S)-UH-301 

VN2222 p-MPPI 

CSP-2503 p-MPPF 

U-92016A NAN-190 

Aripiprazole (OPC-14597) Methylsergide 

Clozapine BMY 7378 

Quetiapine SB-649915-B 

Ilopiridone  

Ziprasidone  

Melperone  

OPC-14523  

Arypiperazine (WY-48723)  

Zalospirone (WY-47846)  

Vilazodone  

Tryptamine  

Dipropyltryptamine (DPT)  

Metoxytryptamine   

Urapidil  

Ergotamine  

Bufotenine   

PRX 0023 

R-DOI 

WB-4101 

Flibanserin 
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