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Abstract

The oxytocin receptor gene (OXTR) has been studied in autism because of the role of oxytocin (OT) in social cognition. Linkage has also been
demonstrated to the region of OXTR in a large sample. Two single nucleotide polymorphisms (SNPs) and a haplotype constructed from them in
OXTR have been associated with autism in the Chinese Han population. We tested whether these associations replicated in a Caucasian sample with
strictly defined autistic disorder. We genotyped the two previously associated SNPs (rs2254298, rs53576) in 57 Caucasian autism trios. Probands
met clinical, ADI-R, and ADOS criteria for autistic disorder. Significant association was detected at rs2254298 (p =0.03) but not rs53576. For
182254298, overtransmission of the G allele to probands with autistic disorder was found which contrasts with the overtransmission of A previously
reported in the Chinese Han sample. In both samples, G was more frequent than A. However, in our Caucasian autism trios and the CEU Caucasian
HapMap samples the frequency of A was less than that reported in the Chinese Han and Chinese in Bejing HapMap samples. The haplotype
test of association did not reveal excess transmission from parents to affected offspring. These findings provide support for association of OXTR
with autism in a Caucasian population. Overtransmission of different alleles in different populations may be due to a different pattern of linkage

disequilibrium between the marker rs2254298 and an as yet undetermined susceptibility variant in OXTR.
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Autism is a neurodevelopmental disorder that is characterized by
impairments in communication and social interaction as well as
patterns of restrictive, repetitive interests and behaviors during
early childhood (DSM-IV). Deficits in social interaction can
include lack of social or emotional reciprocity, absence of shared
enjoyment with parents and others, limited nonverbal behavior to
regulate social interaction, and difficulty developing friendships.
There is a male to female ratio of 4:1 or greater [4]. There is
strong evidence for a complex genetic influence of autism with
estimates of concordance among monozygotic twins ranging
from 64 to 91% and with fraternal twins or siblings from O to
9% (reviewed in [24]).
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There is growing interest in the role of the neurohypophyseal
peptide oxytocin (OT) in the development of autism [9] because
of its role in affiliation, social memory and behavior. In ani-
mal models, oxytocin has been shown to play critical roles in
social processing, recognition and bonding as well as influencing
stereotyped behaviors such as exaggerated grooming [9,3,5,25].
Cells mediating centrally-released OT are found distinctly in the
paraventricular and supraoptic nuclei of the hypothalamus. In
Ferguson et al. [5] OT knockout mice maintained olfaction and
cognitive performance, but suffered deficits in social recognition
which were recovered by intraventricular OT but not by vaso-
pressin administration. Animal models have shown that altering
OT early in life can produce long-lasting and sexually dimorphic
changes on brain development and behavior [2].

In human studies, OT administration has been shown to
increase trust [12] and amygdala activation compared to placebo
in healthy males [11]. Elevated OT has been reported in obses-
sive compulsive disorder [6,21] and Prader-Willi syndrome [16].
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Children with autism have been shown to have lower blood
OT levels [17] and higher precursor OT levels [6] in compar-
ison to typically developing children. Differences in OT peptide
processing may result in inactive or less active forms of OT
and potentially impact brain development or behavior associ-
ated with autism. There are also reports that treatment with
OT infusions results in reduced repetitive behaviors [8] and
increased retention of affective speech [7] in adults with autism
and Asperger disorder.

The OXTR is a G protein-coupled receptor and positively
coupled to phospholipase C [13]. In mammals, OXTR are
expressed at higher levels in early development [19,23] and are
concentrated in brain regions that are involved in social behav-
iors including the olfactory bulbs, piriform cortex, amygdala,
and lateral septum [5]. Compared to wild type, OXTR knock-
out mice emit fewer ultrasonic vocalizations in response to
social isolation, experience deficits in social discrimination, and
demonstrate more aggressive behavior [22].

Combined linkage analysis of two independent samples of
314 Finnish families demonstrated linkage in the 3p24-25 region
containing the OXTR gene [26]. Four polymorphic SNPs were
analyzed and two were found to be associated with autism in
195 Chinese Han trios [21]. In order to replicate these findings
in a Caucasian population, we genotyped the two SNPs that
were significant in the previous sample in 57 Caucasian trios
and conducted family-based association analyses.

After complete description of the study to the parents, written
informed consent was obtained. Recruitment, assessment, and
inclusion criteria were the same as that outlined in a previously
described sample in which all subjects met ADI-R criteria for
autism and had a best estimate diagnosis of autistic disorder by a
clinical psychologist and psychiatrist [10]. Only one sibling was
randomly selected from each affected sibling pair in the previ-
ous study [10] to avoid confounding linkage and association. For
the current study additional inclusion criteria consisted of being
Caucasian (because allele frequency differences are reported
across populations and there was an insufficient sample of non-
Caucasian subjects in the sample), being at least 3 years old
at the time the Autism Diagnostic Interview-Revised (ADI-R,
[15]) was administered, having sufficient blood or DNA avail-
able, meeting Autism Diagnostic Observation Schedule (ADOS)
classification for autistic disorder [14] (thereby dropping sub-
jects in the previous sample whose ADOS classification was
autistic spectrum disorder), and having complete data for ADI-
R algorithm item scores (thereby including subjects recruited
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from the University of Chicago Developmental Disorders Clinic
and excluding subjects recruited from San Diego). There were
57 probands, 45 males and 12 females, with a mean age of 6.4
years (S.D.=3.5).

All genotyping was performed blind to clinical and demo-
graphic data and family relationships. Two SNP markers
(rs2254298 [Celera ID: C_15981334_10] and rs53576 [Cel-
era ID: C_3290335_10] were genotyped using TagMan® SNP
Genotyping Assays (Applied Biosystems, Foster City, CA,
http://www.appliedbiosystems.com). TagqMan® PCR reactions
were done with Universal Master Mix Amperase® UNG,
0.25 nLL Tagman probe mix and 2.25 pL of water for a 5 pL
total volume. The PCR conditions for the TagMan® SNP Geno-
type Assays were: one AmpErase® step at 50.0 °C for 2 min, one
enzyme activation step at 95.0 °C for 10 min, and 40 alternat-
ing cycles of denaturation at 92.0 °C for 15s and reannealing
and extension at 58.0°C for one minute. All PCR reactions
were performed on a Perkin Elmer 9700 Thermocycler (Applied
Biosystems, Foster City, CA). The fluorescence intensity of the
final PCR product was measured using an LjL Analyst AD
fluorescence microplate reader (LjL Biosystems, Sunnyvale,
CA, http://www.moleculardevices.com) using LjL Criterion-
Host Software. In addition to the 57 Caucasian trios reported, one
trio was excluded from the analyses because of a parent sample
genotyping failure. The overall test retest-agreement performed
on 16% of the sample was 100%. There were no Mendelian
incompatibilities for either marker.

The distributions of r$s2254298 and rs53576 genotypes were
tested using X? for Hardy-Weinberg equilibrium using the
HWE program from the LINKUTIL package (http://linkage
.rockefeller.edu/ott/linkutil.htm). Transmission disequilibrium
tests were calculated using the TDT/S-TDT program (v. 1.1)
(http://genomics.med.upenn.edu/spielman/TDT.htm) [20]. To
test for association between SNPs, we used Haploview 3.32
(http://www.broad.mit.edu/mpg/haploview/) to calculate two
measures of linkage disequilibrium, D’ and 2 [1]. Haplotype
association was calculated using the FBAT program version
1.7.2 (http://www.biostat.harvard.edu/~fbat/default.html) un-
der “biallelic” mode [18]. Alpha was set at p <.05.

Table 1 reports allele and genotype frequencies of the sample
and the TDT for each marker. Genotype distributions for parents
and probands were consistent with Hardy-Weinberg equilibrium
for rs2254298 (parents: X2=0.94, d.f.=1, p=0.34; probands:
X%2=0.53, p=0.47) and rs53576 (parents: X>=0.07, p=0.79;
probands: X>=0.42, p=0.52).

Table 1
Allele and genotype frequencies of SNPs in pedigrees
SNP Sample Allele distribution Genotype distribution TDT
G A GG AG AA H(G)/1(A) X2 P

1s2254298 Parents 196 32 83 30 1 - - -

Autistic probands 104 10 47 10 0 21/9 4.80 0.03
1s53576 Parents 166 62 61 44 9 - -

Autistic probands 84 30 30 24 3 23/21 0.09 0.76

SNP, single nucleotide polymorphism; TDT, transmission disequilibrium test; #(G)/#(A), number of transmitted G and A alleles from heterozygous parents.
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Table 2

Genetic association between haplotypes and autism

Allele Allele N E(S) z P
182254298 rs53576

G G 50.250 45.250 1.347 0.178
G A 30.750 29.750 0.291 0.771
A G 8.750 12.750 —1.629 0.103
A A 0

S, test statistics for the observed number of transmitted alleles; E(S), expected
value of S under the null hypothesis (i.e., no linkage or association).
* p, two-tailed.

Preferential transmission of G over A occurred at rs2254298
(see Table 1). No significant association was found for rs53576.
The markers showed weak LD with each other (D'=0.53,
2 =0.01). The haplotype test of association did not reveal excess
transmission from parents to affected offspring for the haplo-
types (p>0.10) (Table 2).

Since there is growing evidence that OXTR may mediate
genetic vulnerability to autism [9,27], we tested two SNPs that
were found to be associated with autism in the Chinese Han
population [21]. The goal was to replicate these findings in
a Caucasian population using standardized diagnostic criteria.
The TDT revealed significant transmission disequilibrium for
152254298, one of the two SNPs that were significant in the Chi-
nese Han sample. In contrast to the Chinese Han population, the
G allele was overtransmitted in this population. Allele frequen-
cies differ markedly at this marker in Caucasian and Chinese
populations (Table 3). Both the current study and Wu et al. [21]
reported allele frequencies representative of their population in
the HapMap (http://www.hapmap.org) with the Caucasian sam-
ples having a greater frequency of the G allele than the Chinese
samples (Table 3).

Although the transmission of different alleles may occur
because both studies are false positives or because of phenotypic
heterogeneity, the transmission of different marker alleles is also
consistent with the alleles being on different haplotypes with an
as yet unidentified susceptibility variant in OXTR. This is more
likely given that the minor allele frequencies at rs2259248 and
other SNPs in OXTR differ between the 2 populations. Future
research should attempt to replicate these preliminary findings
across populations using larger samples. Extensive genotyp-
ing, resequencing and family-based association testing in larger
samples across populations will be necessary to understand the
possible role of variants in OXTR in autism susceptibility.

Table 3
Parental allele frequencies for rs2254298 in autism association studies and the
HapMap

Allele Caucasian Chinese

Current study HapMap? [21] HapMap®
A 0.140 0.068 0.315 0.289
G 0.860 0.932 0.685 0.711

2 CEU—CEPH, Utah residents with ancestry from northern and western
Europe.
b CHB—Han Chinese in Beijing, China.

Acknowledgments

The authors are especially grateful to the families who partic-
ipated in the study. Kathy Hennessy provided expert technical
assistance and Jeremy Veenstra-VanderWeele provided assis-
tance with statistical programs. This work was supported, in part,
by NIH U19 HD35482 (E.C., C.L.), RO1 MH066496 (C.L.),
5T32MH7631 (S.J.), the Jean Young and Walden W. Shaw Foun-
dation, the Harris Foundation (C.W.B.), and the Children’s Brain
Research Foundation (E.C.).

References

[1] J. Barrett, B. Fry, J. Maller, M. Daly, Haploview: analysis and visualization
of LD and haplotype maps, Bioinformatics 21 (2005) 263-265.

[2] C.S. Carter, Developmental consequences of oxytocin, Physiol. Behav. 79
(2003) 383-397.

[3] C.S. Carter, Neuroendocrine perspectives on social attachment and love,
Psychoneuroendocrinology 23 (1998) 779-818.

[4] S. Chakrabarti, E. Fombonne, Pervasive developmental disorders in
preschool children: confirmation of high prevalence, Am. J. Psychiatry
162 (2005) 1133-1141.

[5] J.N. Ferguson, L.J. Young, E.F. Hearn, M.M. Matzuk, T.R. Insel, J.T.
Winslow, Social amnesia in mice lacking the oxytocin gene, Nat. Genet.
25 (2000) 284-288.

[6] L.Green, D. Fein, C. Modahl, C. Feinstein, L. Waterhouse, M. Morris, Oxy-
tocin and autistic disorder: alterations in peptide forms, Biol. Psychiatry
50 (2001) 609-613.

[7] E. Hollander, J. Bartz, W. Chaplin, A. Phillips, J. Sumner, L. Sooyra, E.
Anagnostou, S. Wasserman, Oxytocin increases retention of social cogni-
tion in autism, Biol. Psychiatry 61 (4) (2007) 498-503 (Epub. ahead of
print).

[8] E. Hollander, S. Novotny, M. Hanratty, R. Yaffe, C.M. DeCaria, B.R.
Aronowitz, S. Mosovich, Oxytocin infusion reduces repetitive behaviors in
adults with autistic and Asperger’s disorders, Neuropsychopharmacology
28 (2003) 193-198.

[9] T.R. Insel, D.J. O’Brien, J.F. Leckman, Oxytocin, vasopressin, and autism:
is there a connection? Biol. Psychiatry 45 (1999) 145-157.

[10] S.J. Kim, N. Cox, R. Courchesne, C. Lord, C. Corsello, N. Akshoomoff, S.
Guter, B.L. Leventhal, E. Courchesne, E.H. Cook Jr., Transmission dise-
quilibrium mapping at the serotonin transporter gene (SLC6A4) region in
autistic disorder, Mol. Psychiatry 7 (2002) 278-288.

[11] P. Kirsch, C. Esslinger, Q. Chen, D. Mier, S. Lis, S. Siddhanti, H. Gruppe,
V.S. Mattay, B. Gallhofer, A. Meyer-Lindenberg, Oxytocin modulates neu-
ral circuitry for social cognition and fear in humans, J. Neurosci. 25 (2005)
11489-11493.

[12] M. Kosfeld, M. Heinrichs, P.J. Zak, U. Fischbacher, E. Fehr, Oxytocin
increases trust in humans, Nature 435 (2005) 673-676.

[13] Y. Kubota, T. Kimura, K. Hashimoto, Y. Tokugawa, K. Nobunaga, C.
Azuma, F. Saji, Y. Murata, Structure and expression of the mouse oxytocin
receptor gene, Mol. Cell. Endocrinol. 124 (1996) 25-32.

[14] C. Lord, S. Risi, L. Lambrecht, E.H. Cook Jr., B.L. Leventhal, P.C.
DiLavore, A. Pickles, M. Rutter, The autism diagnostic observation
schedule-generic: a standard measure of social and communication deficits
associated with the spectrum of autism, J. Autism Dev. Disorders 30 (2000)
205-223.

[15] C.Lord, M. Rutter, A. Le Couteur, Autism Diagnostic Interview — Revised:
arevised version of a diagnostic interview for caregivers of individuals with
possible pervasive developmental disorders, J. Autism Dev. Disorders 24
(1994) 659-685.

[16] A. Martin, M. State, K. Koenig, R. Schultz, E.M. Dykens, S.B. Cas-
sidy, J.F. Leckman, Prader-Willi syndrome, Am. J. Psychiatry 155 (1998)
1265-1273.

[17] C. Modahl, L. Green, D. Fein, M. Morris, L. Waterhouse, C. Feinstein,
H. Levin, Plasma oxytocin levels in autistic children, Biol. Psychiatry 43
(1998) 270-277.


http://www.hapmap.org/

S. Jacob et al. / Neuroscience Letters 417 (2007) 6-9 9

[18] D. Rabinowitz, N. Laird, A unified approach to adjusting association tests
for population admixture with arbitrary pedigree structure and arbitrary
missing marker information, Human Heredity 50 (2000) 211-223.

[19] L.E. Shapiro, T.R. Insel, Ontogeny of oxytocin receptors in rat forebrain:
a quantitative study, Synapse 4 (1989) 259-266.

[20] R.S. Spielman, R.E. McGinnis, W.J. Ewens, Transmission test for link-
age disequilibrium: the insulin gene region and insulin-dependent diabetes
mellitus, Am. J. Human Genet. 52 (1993) 506-516.

[21] S. Wu, M. Jia, Y. Ruan, J. Liu, Y. Guo, M. Shuang, X. Gong, Y. Zhang,
X. Yang, D. Zhang, Positive association of the oxytocin receptor gene
(OXTR) with autism in the Chinese Han population, Biol. Psychiatry 58
(2005) 74-77.

[22] Y. Takayanagi, M. Yoshida, L.F. Bielsky, H.E. Ross, M. Kawamata, T.
Onaka, T. Yanagisawa, T. Kimura, M.M. Matzuk, L.J. Young, K. Nishimori,
Pervasive social deficits, but normal parturition, in oxytocin receptor-
deficient mice, Proc. Natl. Acad. Sci. U.S.A. 102 (2005) 16096-16101.

[23] E. Tribollet, M. Goumaz, M. Raggenbass, J.J. Dreifuss, Appearance and
transient expression of vasopressin and oxytocin receptors in the rat brain,
J. Recept. Res. 11 (1991) 333-346.

[24] J. Veenstra-VanderWeele, E.H. Cook Jr., Molecular genetics of autism
spectrum disorder, Mol. Psychiatry 9 (2004) 819-832.

[25] J.T. Winslow, PL. Noble, C.K. Lyons, S.M. Sterk, T.R. Insel, Rear-
ing effects on cerebrospinal fluid oxytocin concentration and social
buffering in rhesus monkeys, Neuropsychopharmacology 28 (2003) 910-
918.

[26] T. Ylisaukko-oja, M. Alarcon, R.M. Cantor, M. Auranen, R. Vanhala, E.
Kempas, L. von Wendt, I. Jarvela, D.H. Geschwind, L. Peltonen, Search
for autism loci by combined analysis of autism genetic resource exchange
and Finnish families, Ann. Neurol. 59 (2006) 145-155.

[27] L.J. Young, L.J. Pitkow, J.N. Ferguson, Neuropeptides and social behavior:
animal models relevant to autism, Mol. Psychiatry 7 (Suppl. 2) (2002)
S38-S39.



	Association of the oxytocin receptor gene (OXTR) in Caucasian children and adolescents with autism
	Acknowledgments
	References


