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Abstract

Objective: Children with autism spectrum disorder (ASD) commonly exhibit the symptoms of 

a wide range of non-ASD psychiatric disorders including depression. The aim of the present 

study was to characterize the association of two functional single nucleotide polymorphisms 

(SNPs) (rs6311, rs6314) in the serotonin 2A receptor gene (HTR2A) with severity of depression 

symptoms in children with ASD. These SNPs were previously shown to be associated with 

depression symptom severity and response to SSRIs in adults with diagnosed depressive disorder.

Methods: Parents completed a validated DSM-IV-referenced rating scale for depressive 

symptoms in 104 children with ASD. Depression symptom severity was compared across rs6311 

and rs6314 genotypes, measured from genomic DNA of affected children.

Results: Youths homozygous for the G allele of rs6311 had significantly more severe depression 

symptoms than GA and AA genotypes (p=0.025), and the effects size (eta-squared) was small in 

this ASD sample (ηp2=0.047) but somewhat larger when controlling for severity of generalized 

anxiety disorder symptoms (p=.006, ηp2=0.072). When analyses were restricted to Caucasians, 

results were essentially the same as for the entire sample (p=.004, ηp2=0.086). There were no 

significant associations with rs6314 (CC vs. T carriers).

Conclusions: The functional rs6311 polymorphism in HTR2A, associated with differential 

HTR2A mRNA expression in other studies, may modulate depression symptom severity in 

children with ASD. These tentative, hypothesis-generating findings require replication with larger 

independent samples.
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INTRODUCTION

Children with autism spectrum disorder (ASD) commonly exhibit the symptoms of one 

or more additional psychiatric disorder, and depression is among the most common co-

occurring conditions (Gadow et al, 2012; Magnusson and Constantino, 2011). Gadow et al 

(2005) previously found that severity of depression symptoms in children with ASD was 

comparable to children referred for child psychiatry outpatient evaluation and much greater 

than typically developing peers. In another study with a different group of children with 

ASD, 20% were rated socially or academically impaired by depression symptoms according 

to parents (Kaat et al, 2013). These findings are consistent with the results of others who 

also assessed impairing depression (Leyfer et al, 2006; Simonoff et al, 2008; Witwer and 

Lecavalier, 2010). Depression appears to be a life-long vulnerability in ASD, as studies of 

adolescents and adults with the disorder also report high rates of current (37%) (Bakken 

et al, 2010) and lifetime (70%) (Lugnegård et al, 2011) depression, which contributes to 

caregiver burden (Cadman et al, 2012).

The propensity of individuals with ASD to suffer from depression compels further research 

delineating its underlying biological mechanisms including putative genetic factors that 

regulate drug targets for treating depression such as selective serotonin re-uptake inhibitors 

(SSRIs). Serotonin dysregulation has long been implicated in depression (Lapin and 

Oxenkrug, 1969; López-Muňoz and Alamo, 2009) as well as ASD (Gadow et al., 2013; 

Schain and Freedman, 1961; Whitaker-Azmitia, 2001). For example, both disorders have 

evidence for altered levels of platelet serotonin, in which approximately 30% of individuals 

with ASD have platelet hyperserotonemia (Cook et al., 1993), whereas individuals with 

major depression exhibit reduced platelet serotonin levels (Alvarez et al, 1999; Mück-Seler 

et al, 1996, 2004; Pivac et al, 2003; Ruljancic et al, 2013).

The serotonin 2A receptor is a major component of serotonergic signaling in the brain 

and periphery, including platelets, where it promotes aggregation and mediates release of 

intracellular calcium stores when activated. This aggregation and/or calcium response can 

be used as an indirect ex vivo measure of 5-HT2A function. Platelet function profiles in 

individuals with ASD or major depression differ with respect to 5-HT2A function, with 

depressed patients exhibiting greater aggregation response or intracellular calcium release 

(Eckert et al, 1993; Kusumi et al, 1994; Shimbo et al, 2002) and individuals with ASD 

a reduced response relative to controls (Hranilović et al, 2009; McBride et al, 1989). 

Furthermore, studies using both positron emission tomography (PET) and single-photon 

emission computed tomography (SPECT) have found in vivo evidence of reduced 5-HT2A 

receptor density in the cortex of individuals diagnosed with Asperger’s syndrome (Murphy 

et al, 2006), first-degree relatives of individuals with ASD (Goldberg et al, 2009), and 

in individuals with major depression (Attar-Lévy et al, 1999; Biver et al, 1997; Sheline 

et al, 2004; Yatham et al, 2000). Consistent with these in vivo findings Thanseem et al 
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(2012) found reduced HTR2A gene expression in post mortem brain tissue from individuals 

with ASD. However, findings for the aforementioned measures in ASD and depressed 

populations are mixed, and occasionally suggest opposing 5-HTR2A function (Franke et al, 

2000; Girgis et al, 2011; Meltzer et al, 1999; Meyer et al, 2001; Uebelhack et al, 2006) 

but nevertheless support the value of further study into genetic factors underlying co-morbid 

ASD and depression.

The serotonin 2A receptor, encoded by the HTR2A gene, harbors common functional 

genetic variants that contribute to a wide range of disorders (Smith et al, 2013), including 

depression (Narasimhan and Lohoff, 2012) and ASD (Cho et al, 2007; Hranilović et al, 

2010). These common functional variants include rs6311 (−1438G>A), which we previously 

reported reduces the expression of an untranslated region of HTR2A mRNA, and rs6314 

(His452Tyr), which changes the encoded amino acid and alters the potency and second-

messenger signaling of the receptor in response to agonists in vitro (Davies et al, 2006; 

Hazelwood et al, 2004). We and others previously reported that rs6311(A) is associated 

with depression (Attar-Lévy et al, 1999; Christiansen et al, 2007; Kamata et al, 2011; 

Kim et al, 2012; Smith et al, 2013), although this association is not consistently observed 

(Choi et al, 2004; Frisch et al, 1999; Minov et al, 2001; Oswald et al, 2003). There is 

also evidence of an association with seasonal affective disorder (Arias et al, 2001; Lee 

et al, 2006) and response to antidepressant medication (both therapeutic and untoward) 

in patients with major depressive disorder (Kato and Serretti, 2010; Minov et al, 2001; 

Narasimhan and Lohoff, 2012; Wilkie et al, 2009). rs6311 was previously shown to be 

associated with autism, either alone (Hranilović et al, 2010) or a haplotype containing both 

rs6311 and rs6313 (T102C) (Cho et al, 2007) although some studies do not find associations 

(Guhathakurta et al, 2009; Veenstra-VanderWeele et al, 2002. rs6311 and rs6313 are in 

near complete linkage disequilibrium (Spurlock et al, 1998), perhaps explaining clinical 

associations with rs6313, despite lack of functional evidence for this SNP. Previous studies 

found no association between rs6314 and ASD risk (Guhathakurta et al, 2009; Hranilović 

et al, 2010; Veenstra-VanderWeele et al, 2002) or depression (Minov et al, 2001). However, 

this SNP has been associated with antidepressant treatment outcome (Wilkie et al, 2009).

There is strong evidence that the HTR2A region harbors risk variants for ASD and 

depression, with varying amounts of influence depending on the specific attributes of 

the populations studied. The general aim of the present study was to examine behavioral 

variation (i.e., depression symptoms) within the ASD clinical phenotype. More specifically, 

given our own á priori evidence of (a) the pervasiveness of depression symptoms in children 

with ASD (Gadow et al, 2005, 2012, Kaat et al, 2013), (b) regulatory activity for rs6311 

and the nonsynonymous coding SNP rs6314 (Smith et al, 2013), and (c) association with 

depression in non-ASD samples (Smith et al, 2013) and the findings of others supporting 

an association of rs6311 with ASD (Hranilović et al, 2010) and depression (Narasimhan 

and Lohoff, 2012), we examined relations of the aforementioned SNPs with depression 

severity in children with ASD using a well-validated DSM-IV-referenced rating scale. In 

view of evidence supporting shared genetic risk factors in psychiatric disorders (Cross 

Disorder Group, 2013) and in particular serotonin dysregulation in both disorders (Gadow 

et al, 2013; Lapin and Oxenkrug, 1969; López-Muňoz and Alamo, 2009; Schain and 

Freedman, 1961; Whitaker-Azmitia, 2001), we predicted that depressogenic risk factors 
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may constitute a second-hit in this serotonin-biased clinical phenotype in a subgroup of 

vulnerable individuals.

MATERIALS AND METHODS

Participants

Participants were recruited from referrals to a university hospital developmental disabilities 

specialty clinic located on Long Island, New York. All youth (N=104) between 4 and 14 

years old with the prerequisite measures and a diagnosis of ASD included were included 

in the present study. Demographic characteristics were as follows: age (M=7.6; SD=2.7), 

gender (87% male), ethnicity (90% Caucasian), IQ (74%≥70), socioeconomic status 

assessed with Hollingshead’s (1975) index of occupational and educational social status 

(M=41.9; SD=11.1), single-parent household (9%), and current psychotropic medication use 

(25%). A subsample of youth (n=67) participated in prior studies of other gene variants 

(Gadow et al, 2008; Roohi et al, 2009). This study was approved by a university Institutional 

Review Board, informed consent was obtained, and appropriate measures were taken to 

protect patient (and rater) confidentiality.

As part the initial clinic evaluation, parents (usually the mother) completed behavior rating 

scales and a background information questionnaire. Diagnoses of ASD were confirmed 

by an expert diagnostician and based on five sources of information: (a) comprehensive 

developmental history, (b) clinician interview with child and caregiver(s), (c) direct 

observations of the child, (d) prior evaluations, and (e) review of validated ASD rating 

scales including the Child Symptom Inventory-4 (CSI-4) (Gadow and Sprafkin, 2002), 

which evidenced high sensitivity and specificity in identifying children with ASD in two 

independent studies (DeVincent et al, 2009; Gadow,Schwartz et al, 2008). Most youth (81%) 

were also evaluated with the Autism Diagnostic Observation Schedule (Lord et al, 2000) 

and/or Autism Diagnostic Interview-Revised (Rutter et al, 2003). Those who were not 

evaluated with these measures had well-documented prior history of ASD diagnoses and 

functional impairment associated with ASD symptoms. Over one third (36%) of these youth 

had T scores >65 for parents’ ratings of major depressive disorder.

Depression Ratings

The CSI-4 is a behavior rating scale that assesses the symptoms of DSM-IV disorders. 

Symptom severity is scored (never=0, sometimes=1, often=2, and very often=3). 

Confirmatory factor analysis supports the internal construct validity of DSM-IV syndromes 

in children with ASD including depression (Lecavalier et al, 2009). Numerous studies 

indicate that the CSI-4 major depressive episode subscale demonstrates satisfactory 

psychometric properties in community-based normative, clinic-referred non-ASD, and ASD 

samples (Gadow and Sprafkin, 2011). CSI-4 scores show little relation to age, IQ, or SES.

Data Analysis and Statistics

Depression scores were normally distributed (M=5.5, SD=3.6; range=2–17; Skewness=0.24; 

Kurtosis=0.14). Chi-square tests (categorical variables), correlations (continuous variables), 

and ANOVAs (combined categorical and continuous variables) were used to test associations 
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of demographic characteristics (age, gender, ethnicity, IQ level [<70 vs. ≥70], SES, single-

parent household, and currently receiving psychotropic medication or special education) 

with genotype groups as well as the dependent variable to identify potential covariates. 

Genotype groups were not significantly different for any of these variables; therefore, they 

were not used as co-variates in subsequent analyses. One way ANOVAs were conducted 

to examine main effects of genotype groups (rs6311, rs6314). Severity of generalized 

anxiety disorder symptoms was not related to genotype group and was used as a covariate 

in secondary analyses (Miller and Chapman, 2001). In addition to p-values, we report 

partial eta-squared (ηp2) to gauge the magnitude of group differences (i.e., percentage 

of variance in dependent variables accounted for by independent variables). A rule of 

thumb for determining the magnitude of ηp2 suggests the following: 0.01–0.06=small, 0.06–

0.14=moderate, and >0.14 = large (Cohen, 1988).

Genotyping

Genomic DNA (25ng) from the children, isolated from peripheral blood cells or buccal 

swabs, was PCR-amplified 30 cycles in a standard 3-step reaction (95° denature, 58° 

annealing, 72° extension) using 2x Taq polymerase master mix (New England Biolabs, 

Inc.; NEB) and fluorescently-labeled primers surrounding the SNPs of interest. The 

resultant amplicons were cut with restriction enzymes that only recognize the ancestral 

reference alleles for rs6311 (G) and rs6314 (C). Following digestion, the lengths 

of the fluorescently-labeled amplicons were resolved on an ABI3730 DNA Analyzer 

(Life Technologies). For rs6311, a positive control enzyme cut site (underlined) was 

designed into the forward primer by a single T→C replacement (bold) in the primer 

sequence (5-TTCCACTCCGGACACAAACACTGT-3) and paired with a fluorescently-

labeled reverse primer (5-[6FAM]CCCATTAAGGTAGGTAAGTGGCACTGT), resulting in 

a 151bp amplicon. Following digestion with HpaII (NEB), the positive control fragment 

with the SNP allele was 143bp, while the ancestral G allele fragment was 108bp. For rs6314, 

amplification with the forward (5-[HEX] AGCCAACTTCAAATGGGACAA-3) and reverse 

primer (5-CCTATCACACACAGCTCACCTTTT-3) resulted in a 157bp amplicon for SNP 

allele and an 85bp fragment for ancestral (C) allele cut by BsmI (NEB). Examples of the 

genotypes represented by the fragment lengths following enzyme digestion are displayed 

in Figure 1. Linkage disequilibrium between the two SNPs was calculated using SNP & 

Variation Suite 7 (Golden Helix, Bozeman, MT).

RESULTS

Linkage disequilibrium (LD) between rs6311 and rs6314 is consistent with LD data reported 

by the International HapMap project (http://hapmap.ncbi.nlm.nih.gov/) given our mixed 

population (D′=0.47, R2=0.03). The biallelic distribution of rs6311 genotypes (frequencies/

percents) were G/G (25/24%), G/A (59/57%), and A/A (20/19%), which does not deviate 

from HWE (X2 = 1.96, p>0.05). Preliminary analyses indicated that the mean depression 

scores for G/A (M=5.07) and AA (M=5.10) groups were nearly identical, and they were 

therefore combined into one group; thus 25 (24%) of the children fell into the “high mRNA 

expressing” G/G group, and 79 (76%) were in the “low mRNA expressing” A+ group. 

There was a significant main effect of genotype (F=5.20, p=0.025), with the G/G group 
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receiving more severe depression ratings than the A+ group (Figure 2), and the effect 

size was small (ηp2=0.049). Mean scores of 7 and 5 correspond to T scores of 84 and 

71, respectively, in typically developing boys (Gadow and Sprafkin, 2002). Controlling for 

severity of generalized anxiety disorder symptoms (F=7.87, p=0.006), the effect size was in 

the moderate range (ηp2=0.072). When analyses were restricted to Caucasians, results were 

essentially the same as for the entire sample (F=8.61, p=.004, ηp2=0.086).

The biallelic distribution of rs6314 genotypes (frequencies/percents) were C/C (83/80%), 

C/T (17/16%), and T/T (4/4%), which deviates from HWE (X2 = 5.36, p<0.05). This could 

be the result of a small mixed ethnicity population considering differences in the distribution 

of rs6314 minor allele frequency among individuals of European (6.2%) versus African 

(16.4%) geographic ancestry in HapMap CEU and YRI populations, respectively. In support 

of this interpretation, HWE was not significant when analysis was confined to Caucasians 

(X2 = 2.18, p>0.05). Owing to the small number of children homozygous for the T allele, 

we compared with youths homozygous for the C allele (C/C) with heterozygotes. Although 

heterozygotes had more severe depression symptoms than the CC group (Figure 2), group 

differences were not significant, with or without controlling for severity of generalized 

anxiety disorder symptoms. Nevertheless, the T/T group had very low depression scores 

(M=2.6; SD=0.75), but larger samples will be necessary to examine this further. When 

analyses (controlling for generalized anxiety) were limited to Caucasians, results were 

essentially the same (F=1.15, p=.286, ηp2=0.013).

DISCUSSION

Depression is a significant clinical concern in individuals with ASD, but relatively little is 

known about its phenomenology, clinical features, or risk factors in this population, and 

there are no controlled clinical trials. Results of the present study indicate an association 

between HTR2A SNP rs6311 and severity of major depressive disorder symptoms in 

children with ASD where children homozygous for the G allele had more severe symptoms 

than carriers of the A allele, and the effect size was in the moderate range when co-varying 

severity of generalized anxiety (ηp2=0.072). The notion that a genetic risk factor for 

depression in the gene encoding the serotonin 2A receptor may modulate the severity of 

depression symptoms in children with ASD is consistent with research supporting serotonin 

dysregulation in both depression (Lapin and Oxenkrug, 1969; López-Muňoz and Alamo, 

2009) and ASD (Gadow et al, 2013; Schain and Freedman, 1961; Whitaker-Azmitia, 2001). 

More specifically, prior research suggests that rs6311 may be associated with depression 

severity (Smith et al, 2013), seasonal affective disorder (Arias et al, 2001; Lee et al, 2006), 

and response to antidepressants (Kato and Serretti, 2010; Narasimhan and Lohoff, 2012) 

but findings are mixed (Jin et al, 2013; Johansson et al, 2001; Molnar et al, 2010). With 

regard to ASD, a study of Croatian children and adults with ASD and controls found the G 

allele and the G-G genotype to be overrepresented in the former (Hranilović et al, 2010). 

We examined associations between HTR2A genotypes and severity of ASD symptoms in 

the present sample, and results were negative for ASD global severity scores as well as 

scores for each of the three subdomains of ASD symptoms. In a recently completed study, 

we replicated our previously published finding with regard to the functionality of rs6311 

in brain tissue from typically developing adults in ASD brains from the Autism Tissue 
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Program. In addition, we found under-transmission of rs6311/A in a cohort of 158 trios 

(unpublished data).

Inconsistencies in genotype-phenotype associations across studies are not uncommon, even 

within the same sample. For example, the results of a recent study comparing association, 

maternal effects, and parent-of-origin effects data analysis strategies for another serotonergic 

gene variant, the 5-HTTLPR, in a large sample of children and adults with autism revealed 

different outcomes for each approach as well as for geographic ancestry (Kistner-Griffin et 

al, 2011). The authors note that different mechanisms may be associated with each effect. 

In addition, we have found that different alleles of the 5-HTTLPR to be associated with 

the symptoms of different disorders as well as informant discrepancy (Gadow et al, 2013). 

Other potential sources of heterogeneity in association studies of genes involved in serotonin 

signaling are (a) gene X environment interactions evidenced by the differential sensitivity 

of one allele to both positive and negative environmental experiences compared with the 

another allele of the same gene (Belsky et al, 2009), including rs6313 (Belsky and Pluess, 

2009), and (b) heterogeneity in co-occurring psychiatric symptoms such as depression. 

Whether one or more of these variables explains differences in outcomes across HTR2A 
rs6311 studies is not known, but they warrant consideration in future research.

Given the high minor allele frequency for rs6311 in all HapMap populations (>30%), we 

find it most likely that this SNP modulates phenotypic presentation of depression (or ASD), 

rather than exerting a causative effect. However, an abundance of potential confounding 

factors and uncertainties about the biologic substrates of genotype-phenotype relations 

precludes a compelling explanation of its mechanisms. Nevertheless, there are a number of 

interesting possibilities. One of the most compelling explanations for co-morbidity is shared 

risk factors, and this is well illustrated by the findings of a recent genome-wide association 

showing that a range of SNPs were associated with two or more of five different major 

psychiatric disorders including autism and depression (Cross Disorder Group, 2013). As we 

have noted previously (Gadow et al, 2013), there is evidence for a possible involvement 

of circadian system regulatory genes in autism (Hu et al, 2009) and depression (Kronfeld-

Schor and Einat, 2012), the effect of seasonal light cycles on serotonin signaling in the 

brain mediated by the circadian system (Ciarlegio et al, 2011), and higher rates of autism 

(Lee et al, 2008) and depression (Pjrek et al, 2004) births in spring and early summer, 

although findings are mixed (Lee et al, 2008). There is also replicated evidence of seasonal 

fluctuations in brain 5-HTT binding (Willeit and Praschak-Rieder, 2010) as well as findings 

linking seasonal pattern in the first episode of major depression (higher for rs6313 C 

allele carriers, which is comparable to rs6311 G allele carriers) (Arias et al, 2001). Some 

investigators have found differentially lower 5-HT2A binding in several brain regions in 

people with ASD (Ciarlegio et al, 2011; Murphy et al, 2006;) but findings for depression 

are mixed (Savitz and Drevets, 2013). Mothers of children with ASD have higher rates of 

depression (and other psychopathology) than the general population (Daniels et al, 2008).

Another biologic system that warrants consideration with regard to shared risk factors and 

gene variants is the innate immune response. There is compelling evidence of elevated 

levels of pro-inflammatory cytokines in both a significant minority of individuals with 

major depression (Dowlati et al, 2010) and ASD (Vargas et al, 2005). Cytokines influence 

Gadow et al. Page 7

Cogn Behav Neurol. Author manuscript; available in PMC 2022 January 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



serotonin metabolism and signaling in the brain (Baganz and Blakely, 2013; Miller et 

al, 2013); immune system dysregulation is implicated in the pathogenesis or symptom 

modulation of both depression (Raison and Miller, 2013) and ASD (Depino, 2013; Goines 

and Ashwood, 2013); and serotonergic gene variants interact with these mechanisms as well 

as with immune system gene variants (Bull et al, 2009). Cytokine levels increase during 

stress (Maier, 2003; Slavich et al, 2010), and their synergistic actions may play an important 

role in depression (Anisman, 2009). Stress alters 5-HT2A expression in the brain of rats 

(Dwivedi et al, 2005), and there is some evidence that adults with the rs6311 G-G genotype 

are more reactive to stress (Fiocco et al, 2007). Individuals with pro-inflammatory bias 

may be particularly vulnerable to the adverse effects of environmental stressors known to 

trigger depression symptoms such as social rejection. For children with ASD who are aware 

of their social impediments, social rejection appears to contribute to depression symptoms 

(Magnusson and Constantino, 2011; Pouw et al, 2013), and this may be particularly difficult 

for youth with serotonin or pro-inflammatory bias, genetic risk factors, or some combination 

of these variables.

Although the strengths of this study include a relatively restricted age range of children 

with ASD, the examination of symptom phenotypes with a psychometrically sound measure, 

and focus on functional gene variants, there are limitations as well. The sample was small 

according to contemporary standards, which increases the probability of Type 1 error 

(false positives) as well Type 2 error (false negatives). For example, we did not observe 

a significant genotype-phenotype association for rs6314, but our results do not rule out 

this possibility although our obtained effect size was small. In addition, one must use 

caution in interpreting these associations as 5-HT2A receptor expression is susceptible to 

environmental factors (Oreland et al, 2009) and drugs that influence serotonin signaling 

(Hernandez and Sokolov, 2000; Willins et al, 1998), which could interact with genetic 

variants such as rs6311 to influence symptom severity. Some children were receiving 

psychotropic medication at the time their behavioral evaluations were being conducted. 

Although genotype groups did not differ in the percent receiving treatment, we nevertheless 

considered this variable as a potential covariate, but medication status was not linearly 

related to depression. However, as we have noted elsewhere (Kaat et al, 2013), it is unclear 

how this might have altered the general conclusions of the study because this clinical 

population appears to respond less satisfactorily to a range of psychotropic medications 

compared with non-ASD patients (Siegel and Beaulieu, 2012), and there is no compelling 

evidence for their efficacy in the treatment of depression. As we have noted previously 

(Gadow et al 2013), it would have been ideal to obtain all assessments off medication. 

However, withdrawal from treatment solely for the purpose of obtaining ratings raises a 

number of concerns. Equally problematic is their exclusion, which could potentially bias 

the sample with regard to the very behaviors that were the object of study. It is widely 

acknowledged that a many variables impact psychiatric symptom expression, and genetic 

variants are but one possibility. Although our results are to some extent consistent with 

the extant literature, they are presented here primarily for their heuristic value and as a 

suggestion for continued study and should not be considered as hypothesis confirming.
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Summary

Children with HTR2A rs6311 G-G genotype had more severe symptoms of depression 

than A allele carriers, but this finding should be considered tentative pending replication 

in larger, independent samples. This finding suggests that genes involved in serotonin 

neurotransmission may be modulators of depression in this clinical population and may 

warrant consideration as potential indicators of response to intervention. For example, 

rs6311 is associated with response to SSRI’s in adults with major depressive disorder (Kato 

and Serretti, 2010), and depression is a major clinical concern in higher-functioning adults 

with ASD (Cadman et al, 2012), but to date there are no controlled trials indicating efficacy 

for SSRI’s or any other drug for depression in ASD. Owing to diagnostic, symptom, and 

etiologic heterogeneity as well as heterogeneity in co-morbidity, fully-realized models of 

pathogenesis and personalized medicine will likely incorporate a variety of biomarkers, 

some of which may be gene variants involved in serotonin signaling.
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Figure 1. 
Representative fragments following restriction enzyme digestions for genotyping rs6311 and 

rs6314. A. Following digestion with HpaII, rs6311 heterozygous samples were represented 

by two peaks (top panel), while homozygous SNP allele “A” subjects (middle panel) 

or ancestral allele “G” subjects (bottom panel) were represented by single peaks at 

143bp and 108bp, respectively. Still apparent in the middle panel, but not interfering 

with genotype calls is residual undigested full-length 151bp amplicons. B. Digestion of 

amplicons containing rs6314 with BsmI resulted in the same pattern where homozygous 

ancestral “C” allele subjects (bottom panel) or SNP “T” allele subjects (top panel) resulted 

in single peaks of 85bp and 157bp, respectively, and heterozygous samples having both 

peaks (middle panel).

Gadow et al. Page 15

Cogn Behav Neurol. Author manuscript; available in PMC 2022 January 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Association of depression symptom severity (mean score and standard error) with HTR2A 

single nucleotide polymorphisms rs6311 and rs6314. Genotype group differences were 

significant (* p=0.025) for rs6311 with the “high expressing” G/G group exhibiting more 

severe symptoms that the “low expressing” A+ group. No significant genotypic differences 

were observed for rs6314.
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