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ABSTRACT 

Evidence supports the involvement of oxytocin in social behavior. The oxytocin receptor gene (OXTR) has been associ- 
ated with differences in social brain function and risk for autism. Motivated by recent work, we investigated the effect 
of variation in the common functional rs2268498 T/C polymorphism in the promoter region of OXTR on neural re- 
sponses to fear expressions. 46 healthy subjects were divided into genotype groups of C carriers (n = 32) and TT ho-
mozygous (n = 14) and neural activity was measured during the recognition of fear and neutral expressions. Results 
showed that during the recognition of fear expressions, the TT genotype group exhibited increased responding in the 
inferior occipital gyrus, considered important for face processing, compared to carriers of the C allele (P < 0.005; clus- 
ter corrected for whole brain), an effect not found for neutral faces. These results indicate the impact of this OXTR ge- 
netic variant on individual differences in social affective neural processing. 
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1. Introduction 

The abundant neuropeptide oxytocin is an essential regu- 
lator of social behaviour. Initial evidence for this role 
came from animal research reports that oxytocin promo- 
tes maternal bonding [1], mate affiliation and social rec- 
ognition [2]. Synthesized in the hypothalamus, oxytocin 
is released in limbic brain areas important for social cog- 
nition [3]. Regional expression of oxytocin has been 
found to explain differences in sociality within and be- 
tween species [2].  

In line with its prosocial effects in animals, oxytocin 
has been shown to enhance trust [4] and generosity in hu- 
mans [5]. Evidence has gathered to suggest that oxytocin 
exerts its prosocial effects by regulating the aversiveness 
of social experiences, such as reducing the impact of 
betrayal on trust behaviour [4,6]. A recent important stu- 
dy shows that oxytocin also produces non-prosocial ef- 
fects, such as increased gloating and envy [7]. Based on 
this evidence, the effect of oxytocin has been reinterpret- 
ed as the enhanced motivation for all types of social ap- 
proach behaviours by inhibiting fear responses to social 
stimuli [8]. 

A social approach behaviour for which the effects of 

oxytocin have been intensively studied is emotion re- 
cognition of facial expressions. Systematically infused 
oxytocin has been shown to improve the accuracy of 
emotion recognition [9-11]. Moreover, studies report that 
oxytocin alleviates emotion recognition deficits among 
persons with autism spectrum conditions (ASC) [12,13], 
generating much clinical interest in the neuropeptide [14]. 
Hence, accumulating evidence suggests that oxytocin en- 
hances the perception of non-verbal social information 
such as facial expressions. 

An emerging account suggests that oxytocin enhances 
emotion recognition by altering emotional evaluations of 
facial expressions. It has been shown that expressions 
interpreted as threatening lead persons to avert their gaze 
from emotionally salient eye regions [15,16]. Evidence 
indicates that oxytocin reduces the aversiveness of faces 
[17,18]. Eye-tracking data also indicates that oxytocin in- 
creases gaze to eye regions [19]. Moreover, oxytocin has 
been found to ameliorate eye-fixation deficits in persons 
with ASC [20,21]. Hence, oxytocin may facilitate social 
communication by overcoming avoidance reactions and 
enabling increased depth of processing of facial affect. 
Evidence that oxytocin-enhanced emotion recognition is 
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strongest for threatening expressions support this view 
[22,23]. 

Investigations using functional magnetic resonance 
imaging (fMRI) provide further evidence that oxytocin 
modulates social approach by regulating neural adap- 
tations to social fear. Reduced responding in neural bases 
of social fear such as the amygdala is shown to be con- 
current with oxytocin-induced increases in prosocial be-
haviour [24]. The amygdala is a brain structure abundant 
in oxytocin receptors [25] that underlies the processing 
of fearful [26] and social stimuli [27,28], and which co- 
ordinates activity in other social brain regions. One ex- 
pression of amygdala arousal to perceived threat is en-
hanced activity in the fusiform and inferior occipital gy- 
rus (IOG) [29]. In sum, these findings suggest that oxy- 
tocin enhances social approach by reducing neural re- 
sponses to social fear.  

Compared to prosocial behaviour, the neural impact of 
oxytocin during emotion recognition is less clear. In line 
with prosocial behaviour, some evidence indicates that 
activation in the aforementioned brain regions in re- 
sponse to aversive social stimuli is attenuated by oxyto- 
cin [30,31]. In contrast, enhanced amygdala responses to 
facial expressions (regardless of valence) following oxy- 
tocin administration have also been reported [32]. It has 
been suggested that attentional artefacts might explain 
the inconsistency in these findings [33].  

Gamer and colleagues [34] used combined fMRI and 
eye-tracking to investigate the link between social atten- 
tion and the neural impact of oxytocin. While they repor- 
ted oxytocin overall attenuated amygdala activity to fear 
expressions, they found that during eye gaze fixation 
periods there was an increase in amygdala activation simi- 
lar to levels characteristic of processing “happy” faces. 
Hence, oxytocin has opposite effects on amygdala activa- 
tion depending on whether attention is directed to facial 
affect. This might facilitate greater depth of emotion pro- 
cessing by reducing neural fear responding when facial 
affect is not being attended to, leading to subdued threat 
avoidance reactions, and finally, increased attention to 
and neural processing of facial affect. In summary, oxy- 
tocin appears to enhance the social approach behaviour 
of emotion recognition, resulting in increased responding 
to social fear at the neural level.  

An important determinant of oxytocin signalling is the 
availability of receptor sites, coded for in humans by the 
oxytocin receptor gene (OXTR) [35]. Independent studies 
have reported evidence that variation in OXTR increases 
susceptibility for ASC [36-41], although there has been 
some heterogeneity in these findings [42]. Persons diag- 
nosed with ASC often exhibit gross impairments in so- 
cial functioning [43]. Furthermore, OXTR risk variants 
for ASC have been associated with individual differences 
in healthy populations in social behaviours of trust [42] 

and empathy [44,45]. Evidence therefore demonstrates 
the social importance of genetic variation in OXTR. 

On the basis of this evidence, Tost et al. [46] inves- 
tigated the impact of genetic variation in OXTR on the 
neural processing of threatening faces in healthy subjects. 
Amygdala underactivation was found to be associated 
with a putative ASC risk variant at the rs53576 single nu- 
cleotide polymorphism (SNP). Another risk variant at 
rs2254298 has been associated with smaller amygdala 
volume [47,48]. The summarized view of the discussed 
findings is that investigating the impact of genetic vari- 
ation in OXTR on brain function during emotion reco- 
gnition might help elucidate the psychophysiological role 
of oxytocin in social behaviour. 

Recent evidence suggests that a T/C SNP at rs2268498, 
unexplored for neural effects and risk for ASC, may 
confer changes in social behaviour. Evidence from Reu- 
ter et al. (unpublished) found associations of the TT gen- 
otype with increased trust, and in another study with per- 
sonality dimensions of negative emotionality [49]. How- 
ever, the effect of genetic variation of the rs2268498 
SNP on social brain function remains to be clarified. 

In the current study, we examined the impact of allelic 
differences in the rs2268498 SNP on emotion processing 
among healthy individuals during fMRI scanning. We 
used the recognition of fear expressions condition that is 
known to robustly elicit activation differences in neural 
affective processing between healthy groups and persons 
with ASC. We hypothesize that if genetic variation in the 
rs2268498 polymorphism modulates oxytocin signalling 
during social fear responses, then the TT genotype group 
would exhibit reduced threat avoidance, and as a result, 
increased neural responses to fear expressions in com- 
parison to C allele carriers. 

2. Methods 

2.1. Participants 

Forty-six healthy Caucasian subjects participated in the 
study (male = 24, female = 22; mean age = 32.2). All 
subjects were screened for and cleared of neurological, 
psychiatric, or substance-abuse problems and had no his- 
tory of other medical problems or treatment relevant to 
cerebral metabolism and blood flow. 

2.2. Demographic and Genotype Data 

Prior to scanning, participants completed the National 
Adult Reading Test (NART) (Nelson, 1991) to control 
for variability in cognitive ability during analysis. All 
participants gave informed consent to take part in the 
study. Genomic DNA was extracted from venous blood 
samples. The genotyping was conducted by the Well-
come Trust Clinical Research Facility in Edinburgh 
(United Kingdom) and used standard TaqMan assays, by 
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the TaqMan polymerase chain reaction based method 
(TaqMan, AssayByDesign, Applied Biosystems, Foster 
City, California). Genotyping was performed for one 
SNP from the OXTR complex (rs2268498). 

2.3. fMRI Data Acquisition 

Imaging was carried out on a GE 1.5 T Signa scanner (99 
volumes; Field of View 22 cm; Time to Echo (TE) 40 ms; 
Volume acquisition time (TR) 2.5s) (GE Medical, Mil- 
waukee, USA). Interleaved axial slices were acquired wi- 
th a thickness of 5mm with no gap and a matrix size of 
64 × 64, and the first four volumes were discarded to av- 
oid equilibrium effects. For the functional scan the par- 
ameters were (99 volumes TR/TE = 2500/40 ms; field of 
view (fov) = 22 cm). Visual stimuli were presented using 
a screen (IFIS, MRI Devices, Waukesha, WI, USA) plac- 
ed in the bore of the magnet; corrective lenses were used 
where necessary. The T1 sequence yielded 180 contigu- 
ous 1.2 mm coronal slices (matrix = 192 × 192; fov = 24 
cm; flip angle 8˚).  

For each subject, echo planar image volumes were re- 
aligned to the mean volume. The images were then nor- 
malized to a study-specific template with a linear affine 
transformation, followed by non-linear deformations and 
resampled with sinc interpolation to cubic voxels of size 
8 mm3. Normalized images were spatially smoothed with 
a 6-mm fullwidth at half maximum (FWHM) kernel to 
minimize residual inter-subject differences and meet as- 
sumptions for statistical analysis.  

2.4. fMRI Analyses 

Statistical analysis was performed using the general 
linear model approach as implemented in SPM2 (Well- 
come Department of Cognitive Neurology and collabo- 
rators, Institute of Neurology, London, United Kingdom), 
running in Matlab (The MathWorks, Natick, MA, USA). 
Although we had a priori hypotheses about oxytocin’s 
effects within social brain regions (e.g. amygdala, fusi- 
form and IOG), to obviate bias and generate exploratory 
findings for subsequent hypotheses, we conducted a whole- 
brain voxel-wise analysis of variance (ANOVA) to ex- 
amine the effect of genotype. To control for potential con- 
founding of genotype effects by gender, we performed an 
additional SPM analysis using a multiple regression with 
genotype and sex as independent variables.. Images were 
thresholded at 0.005 uncorrected and whole brain cluster 
corrections for multiple comparisons were performed wi- 
th only clusters at Pcorr < 0.05 considered significant.  

A block design was used with three conditions: fear, 
neutral, and baseline (fixation). During fear blocks, six 
faces from the Ekman and Friesen series expressing fear 
were each presented for 3.5 sec with a 0.5 s inter-stimu- 
lus interval; during neutral blocks, the same faces show- 

ing a neutral emotional expression were presented and 
instructions given to judge the gender of the person were 
given. During baseline blocks, participants were instruct- 
ed to look at a fixation cross. Analysis was conducted to 
compare the neural responses to fearful faces with that to 
neutral faces (fear > neutral contrast). In addition sepa- 
rate contrasts were conducted to assess neural responses 
to fearful and neutral faces relate to the baseline condi- 
tion (fear > baseline and neutral > baseline contrasts). 

3. Results 

3.1. Genotype Group Demographic and  
Behavioural Differences 

Based on the genotype data for the rs2268498 SNP, in- 
dividuals possessing either one (n = 24) or two copies (n 
= 8) of the C allele were included in the C-carriers group 
(n = 32), and those homozygous for the T allele (n = 14) 
were included in the T/T group. Genotypes were in 
Hardy-Weinberg Equilibrium (Chi² = 3.17, n.s.). There 
were no significant differences between the groups in 
terms of age, NART, gender, years of education or per- 
formance on emotion recognition tasks (p < 0.05). This 
SNP was low in linkage disequilibrium with the rs53576 
(D’ = 0.53) and rs2254298 (D’ = 0.62), previously impli- 
cated SNPs on brain function and risk for ASC (LD 
scores estimated using haploview software [50]). 

3.2. Genotype Group Differences in Brain  
Activity 

The subjects demonstrated the expected patterns of brain 
activation and behavioural responses indicating subjects 
were performing the task correctly in the scanner (Figure 
1). Activation during fear versus baseline included bi- 
lateral lateral and medial prefrontal regions, medial tem- 
poral lobe, sub-cortical structures, parietal cortex and oc- 
cipital regions (Pcorr < 0.01). For fear versus neutral ac- 
tivated regions were restricted to the right inferior frontal 
gyrus, left amygdala, and right posterior superior tem- 
poral gyrus and fusiform gyrus.  

Genetic imaging analysis revealed several suprathre- 
shold clusters (for a summary of results, see Table 1). 
Most notably, significantly greater bilateral IOG activity 
was found in the TT group versus C carriers in the con-
trast of fear > neutral (Figure 2). No gender differences 
were reported in this effect. This effect was non-signi- 
ficant in the contrast of neutral faces > baseline, indicat- 
ing that the effect of variation in OXTR is highly specific 
to the emotional component of the task and was not a 
general effect of face processing. 

4. Discussion 

In the current study we found that genetic variation in the  
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Figure 1. Task related brain activation for an emotion pro- 
cessing task (red colour-scale represents contrast of fear ve- 
rsus baseline, blue colour-scale represents fear versus neu- 
tral discrimination). 
 

 

Figure 2. Effect of OXTR genetic variation at SNP rs- 
2268498 during the emotion processing task. The T/T group 
(n = 14) had bilaterally increased activity of the IOG com- 
pared to C Carriers (n = 32) [Peak coordinates, Left: x = 
–52, y = -62, z = –4; Right: x = 48, y = –82, z = –2]. 

Table 1. Random effects analysis: main group differences. 

Pcorr Extent Z Peak  Region 

Fear versus Neutral 

Between-groups: TT (n = 14) > CT/CC (n = 32)  

0.007 844 5.48 –52 –62 –4 Inferior occipital gyrus (left) 

0.025 651 4.63 48 –82 –2 Inferior occipital gyrus (right) 

Fear versus Baseline 

Between-groups: TT ( n = 14) > CT/CC (n = 32) 

0.002 1137 4.29 –28 0 –16 Putamen 

0.016 774 4.01 32 –4 –20 Parietal post central gyrus 

0.01 851 3.83 –34 –82 –14 Cuneus 

0.000 3530 4.14 –24 –50 –28 Cerebellum 

0.007 904 3.71 –34 –56 34 Inferior parietal lobe 

Neutral versus Baseline 

No significant results. 

 
rs2246898 SNP in OXTR, a gene implicated in social be- 
haviour and for which the neural effects have not yet 
been explored, was associated with alterations in social 
brain function. The results showed that during the pro- 
cessing of fear expressions, those homozygous for the T 
allele demonstrated relatively increased activation in the 
IOG. This suggests the importance of genetic variation in 
OXTR to individual differences in the processing of 
social affective information. Views on the neuromodu- 
latory role of the amygdala during emotion processing 
give context to the current findings. 

The amygdala processes the valence of faces [51] and 
signals their emotional salience to other brain areas [52]. 
It has been suggested that IOG responses to facial valen- 
ce is due to amplified inputs from the amygdala [29,30, 
53]. Hence, the results reported here are consistent with 
previous findings of the modulating effect of exoge-
nously administered oxytocin [6,24,30] and genetic 
variation in OXTR [46] on emotion processing in the 
amygdala and connected social brain regions .  

The C allele of the rs2268498 SNP has previously 
been associated with low scores on personality dimen- 
sions of trust and the predisposition for negative emo- 
tions [49]. In line with this, here we found an association 
of the C allele with underactivation in the IOG during the 
processing of fear expressions. In light of previous 
reports that exogenously administered oxytocin increases 
responses in this area to facial affect [32], these findings 
convergently suggest a negative association of the C 
allele with both oxytocin signaling and the depth of pro- 
cessing of social affective information. However, these 
results are preliminary and further studies are needed to 
examine the relationship of this polymorphism on oxyto- 
cin expression and receptor availability. 

Activation in the amygdala, which modulates inputs 
into the IOG, is enhanced by oxytocin after controlling 
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for attentional artefacts [34]. Crucially, responses in the 
IOG to fear expressions are also shown to be modulated 
by attention, suggesting that these results are driven by 
the effects of oxytocin on social approach behaviour (i.e., 
enhanced attention to and evaluation of facial affect) [54]. 
However, the lack of eye-tracking data precludes conclu- 
sions that these differences in emotional processing are 
mediated by genetic effects on threat avoidance reactions. 

These effects of the rs2268498 SNP in OXTR on emo- 
tion processing in the IOG demonstrate some correspon- 
dence with aberrant social brain function in persons with 
ASC. Amygdala dependent activation, such as IOG res- 
ponses to facial affect, is purportedly central to social 
perceptual deficits experienced by persons with ASC 
[55]. Indeed, IOG activation during facial processing is 
reported as abnormal in ASC [56]. These results suggest 
that a neural pathway involving the IOG and amygdala 
mediates the putative risk of genetic variation in OXTR 
for social deficits in ASC.  

A foremost limitation of this study is the uncertainty 
surrounding the rs2268498 SNP in terms of genetic 
functionality. Another consideration neglected in this 
study is the sensitivity of the oxytocinergic system to en- 
vironmental factors. Studies indicates that maternal ca- 
regiving in animals [57] and cultural differences in hu- 
mans [58] modulate the impact of OXTR variation on 
social behaviour. Lastly, association with risk for ASC 
needs to be investigated to support claims of this SNP’s 
involvement in the psychopathological deficits exhibited 
in persons with the disorder.  

In summary, these results demonstrate the effect of ge- 
netic variation in a novel OXTR polymorphism on the 
neural processing of social affective cues. This parallels 
previous findings of the impact of oxytocin on the neural 
processing of threatening social signals. Lastly, the over-
lap of the neural impact of the rs2268498 variant in OX- 
TR with aberrant brain function implicated in ASC war- 
rants further investigation of the effect of this polymer- 
phism in clinical populations. 
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