ORIGINAL ARTICLE

Evidence of an Association Between
the Vasopressin V1b Receptor Gene (AVPR1B)
and Childhood-Onset Mood Disorders
Emma L. Dempster, PhD; Irina Burcescu, MSc; Karen Wigg, BSc; Eniko Kiss, MD; Ildiko Baji, MD;
Julia Gadoros, MD; Zsuzsanna Tamás, MD; James L. Kennedy, MD, MSc; Ágnes Vetró, MD;
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Context: Disturbances in stress hormones have been im-

plicated in mood disorders, in particular in the hyperactivity of the hypothalamic-pituitary-adrenal (HPA) axis. Arginine vasopressin (AVP) plays a crucial role in modulating
the HPA axis under stress and does so through a G protein–
coupled receptor, vasopressin V1b receptor (AVPR1b).

Main Outcome Measures: Association with childhoodonset mood disorders was tested using the transmission
disequilibrium test, which measures the transmission frequency of alleles, or haplotypes, from parents to affected offspring.
Results: Two of the AVPR1B SNPs showed association

Objective: To determine if genetic variation in AVPR1B

could be contributing to vulnerability to mood disorders.
Design: We genotyped single nucleotide polymorphisms (SNPs) across the AVPR1B gene in a familybased sample with childhood-onset mood disorders. Six
SNPs were genotyped; 2 were novel nonsynonymous polymorphisms, and the other 4 were constituents of a haplotype that was previously shown to be protective against
depression.
Setting: Twenty-three mental health facilities in Hungary.
Participants: The sample was composed of 382 Hungarian nuclear families ascertained through affected
probands with a diagnosis of childhood-onset mood
disorder.

individually (Lys65Asn: 2 =7.81, P=.005; S4: 2 =4.58,
P=.03); of particular interest is Lys65Asn, which causes
an amino acid change in an intracellular protein domain.
Haplotype analysis demonstrated significant overtransmission of the most frequent haplotype (32=22.42, P⬍.001).
Furthermore, stratifying the sample by sex established that
the association was predominantly in affected females, which
is consistent with previous observations.
Conclusions: We have found evidence to implicate the

AVPR1B gene in the etiology of mood disorders, particularly in females. Antagonists of AVPR1b exhibit antidepressant qualities; hence, genetic variation in AVPR1B
may have implications in HPA axis dysregulation in
mood disorders.
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HE HYPOTHALAMIC - PITU itary-adrenal (HPA) axis is
a neuroendocrine system
that is integral to an individual’s response to stress.
The primary hormones in the system are
corticotropin-releasing hormone (CRH)
and arginine vasopressin (AVP), which
work synergistically to stimulate the release of pituitary corticotropin.1 The end
product of the cascade is glucocorticoid
hormone (cortisol in humans), and its release from the adrenal cortex is regulated
through a negative feedback mechanism.
Dysregulation of the HPA is observed
in approximately 50% of patients with depression and is said to be the most consistent biological observation in patients
with mood disorders.2,3 However, studies
investigating alterations in the HPA axis
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in children and adolescents with depressive symptoms are less consistent, with
some finding no difference between patients and control groups in basal cortisol levels and response to CRH or dexamethasone hydrochloride challenge.4-7
Although most of these studies measured
the response of the HPA axis to physiologic challenge (eg, dexamethasone suppression test [DST]), recently researchers have investigated the stress reactivity
of the HPA axis to psychosocial stimuli and
were able to detect alterations in children who are at high risk of developing depression8 and who were clinically depressed.9 This form of stressor is perhaps
more representative of stress associated
with everyday life compared with measuring the response of the HPA axis to a
synthetic biochemical stimulator (eg, dexa-
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methasone); such contextual differences could explain
the opposing results seen between different stressors in
childhood. Furthermore, in adults the DST was found
to be more sensitive if used in combination with CRH
(80% sensitivity) compared with dexamethasone alone
(40% to 50% sensitivity)10; thus, previous studies of the
DST in children using small sample sizes may be deficient in both power and sensitivity to detect alterations
in the activation of the HPA axis.
The main activator of the HPA axis is CRH, which together with AVP stimulates the release of corticotropin.
Under chronic stress, AVP expression in the paraventricular nucleus is enhanced and AVP becomes the primary activator of corticotropin.11 Vasopressin has been
suggested to play the role of integrator between the behavioral and neuroendocrine responses to stress.12 The
involvement of the vasopressinergic system in depression was first hypothesized by Gold et al13 through observations of altered behavior in animal models after administration of vasopressin.
Arginine vasopressin is a nonapeptide produced in the
hypothalamus with numerous functions aside from its
role in the HPA axis, including osmoregulation, neurotransmission, and vascular constriction. Arginine vasopressin maintains these diverse roles through the recruitment of 3 distinct G protein–coupled receptors. The
vasopressin V1b (AVPR1b) receptor is important in regulating pituitary corticotrophs’ responsiveness to vasopressin14; on binding to the AVPR1b receptor, AVP activates phosphatidylinositol hydrolysis, which mobilizes
intracellular Ca2⫹.12
A positive correlation exists between changes in pituitary AVPR1b receptor levels and corticotropin responsiveness under chronic stress.15 Up-regulation of the
AVPR1b receptor has been suggested in depression, which
could contribute to the shift in the hypothalamic drive from
CRH to AVP.1 During the chronic stress response, a rapid
increase occurs in AVPR1B messenger RNA in the pituitary, which is driven by an elevation in glucocorticoid levels. Glucocorticoids interact directly with the AVPR1b receptor, increasing coupling to phospholipase C; this
response enables the AVPR1b-stimulated release of corticotropin to be resilient to high levels of circulating glucocorticoids and the consequential down-regulation of vasopressin under times of stress.14,16 Loss-of-function animal
models support an integral role for the AVPR1b receptor
in the stress response of the HPA axis. Mice that lack the
AVPR1b receptor (V1bR−/−) exhibit a blunted HPA axis
both at the basal level and under stressful conditions.17 Furthermore, Itoh et al18 found differences in catecholamine
release between wild-type and V1bR−/− mice, implying that
AVPR1b is involved in stress-induced catecholamine release from the adrenal cortex.
Antagonists of AVP receptors have the potential to serve
as therapeutic agents in treating depression and anxiety. An antagonist with dual affinities for the AVPR1a and
AVPR1b receptor exhibited anxiolytic effects in the rat.19
More recently, a specific AVPR1b antagonist has been developed that shows antidepressant features in rats that
parallel the effect of an established antidepressant, fluoxetine hydrochloride.20,21 These lines of evidence provide
substantial evidence to implicate AVPR1b in the chronic

response to stress and in the pathophysiologic mechanism of depression. Furthermore, recent evidence suggests that genetic variation in the AVPR1B gene may be
associated with vulnerability to depression.22
The gene encoding AVPR1b is located on human chromosome 1q32 and consists of 2 exons that code a 424–
amino acid sequence. The AVPR1B receptor is the most
homologous with the other vasopressin and oxytocin receptors.23 Although the genetic region harboring the
AVPR1B gene has not been directly implicated in genome scans performed in clinical samples with major depression, it emerged in a genome scan of bipolar disorder,24 and Nash et al25 found a small peak on chromosome
1q in a community-based sample selected on a continuous measure of depression and anxiety. In addition, highresolution mapping of emotional behavior in mice has
found a variety of quantitative trait loci in a region on
mouse chromosome 1, which is homologous to the human 1q region.26,27
van West et al22 performed mutation screening across
AVPR1B in 24 unrelated patients with major depression
and identified 5 single nucleotide polymorphisms (SNPs).
They proceeded to genotype these markers in 2 small independent samples of patients diagnosed as having major depression and matched controls. Haplotype analysis
with the 5 markers identified significant overrepresentation of the same common haplotype in both control samples
compared with the subjects. They concluded that this protective haplotype may be a surrogate for a functional DNA
change carried on the protective haplotype.
The aim of this study was to investigate the role of the
AVPR1B gene in childhood-onset mood disorders (depressive and bipolar disorders) using a large familybased sample from Hungary. Our sample consisted of 382
nuclear families ascertained through a proband with a
diagnosis of a mood disorder before the age of 15 years.
METHODS

STUDY PARTICIPANTS
The sample used in this study is part of a multidisciplinary program project researching multiple risk factors in childhoodonset mood disorders.28-31 The Psychiatric Interview Schedule
for Children and Adolescents–Diagnostic Version, which is an
extension and modification of the Psychiatric Interview Schedule for Children and Adolescents,32 was used to obtain information for the diagnosis. The proband and the parental informant were interviewed individually on 2 separate occasions
approximately 1 month apart by 2 different trained health care
professionals (E.K., I.B., J.G., Z.T., and A.V.). A consensus obtained from 2 other health care professionals trained in bestestimate diagnosis was used as the final diagnosis. The recruitment and assessment of this sample are described in more detail
elsewhere.28,33-35
This study met with institutional review board approval at
the University of Pittsburgh, the Centre for Addiction and Mental Health, and all recruitment centers in Hungary. Written informed consent was obtained from each parent and child.
Our sample consisted of 382 families with 464 affected children (382 probands and 82 affected siblings; mean age at first
onset, 10.6 years; 6 of the affected siblings’ onset occurred after age 15 years but before age 18 years). The families were re-

(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 64 (NO. 10), OCT 2007
1190

WWW.ARCHGENPSYCHIATRY.COM

©2007 American Medical Association. All rights reserved.
Downloaded From: http://archpsyc.jamanetwork.com/ on 09/17/2014

Table 1. Primer Sequences and Assay Details

SNP

rs No.

Location in
Genome (USCS
Build 126)

SNP
Location

Assay
Type

Forward
Primer (5ⴕ-3ⴕ)

Reverse
Primer (5ⴕ-3ⴕ)

Probe Sequence
or Extension Primer

S1

rs28536160 Chr1:204390006 Promoter TaqMan ACCAGGGCTCTCAGGTCTAG
GGGAAAGGAAGAAAAAGTG- VIC: CTCCTTCGTCCCCCCAC
region
AGGGTAT
FAM: CTCCTTCGTCTCCCCAC
S2
rs28373064 Chr1:204390179 Promoter SNaPshot TTTTTCTTCCTTTCCCTATGCCT CGGCTGTTGGCGCG
GCTAGCCGGCTGGCAG
region
Lys65Asn rs35369693 Chr1:204391258 Exon 1
TaqMan GACCCTGGGCCAGCT
GCTAAGTGCAGCACGAACAG VIC: AGCGCTTGCGGCC
FAM: AGCGGTTGCGGCC
Arg364His rs28632197 Chr1:204397581 Exon 2
TaqMan GCCCCTGCGTCACCTT
GGCTGCCGTCGGAGAG
VIC: CAGGATGCGCCGGC
FAM: CAGGATGCACCGGC
S4
rs33985287 Chr1:204397882 3⬘UTR
SNaPshot CTGGAAATGAGAGCTGGGAGG TGCCAGTGTCTGAGATTGGG GGAGTTAGAGGAGCCCTGTCT
S5
rs33933482 Chr1:204397887 3⬘UTR
SNaPshot CTGGAAATGAGAGCTGGGAGG TGCCAGTGTCTGAGATTGGG CCCATTCTGGCCTTTTCGCTC

PCR
Annealing
Temperature,
°C
60.5
55.0
59.0
59.0
53.0
53.0

Abbreviations: Chr, chromosome; PCR, polymerase chain reaction; SNP, single nucleotide polymorphism; USCS, University of California Santa Cruz Genome Browser.

cruited from 23 mental health facilities in Hungary. The probands and affected siblings met the DSM-IV criteria for either
depressive or bipolar disorder with onset before 15 years of age.
The sample is primarily composed of major depression cases
with only a small proportion (0.8%) of children diagnosed as
having bipolar disorder. The bipolar cases were not omitted from
analyses because an estimated 15% to 30% of individuals with
childhood-onset depression will develop bipolar disorder later
in adulthood.36,37 Because it is not possible to predict which of
these children will develop bipolar disorder, they cannot be excluded; therefore, our sample is best described as one of mood
disorders. In terms of genetics, family studies indicate that relatives of probands with bipolar disorder are at increased risk for
depressive disorders, suggesting the likelihood of some genetic relationship. Although twin studies investigating this overlap are limited, existing studies38 indicate that bipolar and major depressive disorders share substantial genetic overlap.

GENOTYPING
We extracted DNA from whole blood using a high-salt extraction method.39 Genotyping was performed using the TaqMan
5⬘ nuclease assay (Applied Biosystems, Foster City, California) with primers and probes designed specifically for this study
for 3 markers (Table 1). For the remaining 3 markers genotyped in this study, the TaqMan assay was either not suitable
or failed, so we used the SNaPshot primer extension method
(Applied Biosystems); for primer information, see Table 1. Methods were followed according to the manufacturer’s protocol for
both methods, with some minor adjustments involving the scaling down of reactions. The TaqMan assays were read on the
ABI 7900-HT Sequence Detection System using the Allelic Discrimination End-point Analysis Software version 2.0 (Applied
Biosystems), and the SNaPshot assays were run on the ABI 310
genetic analyzer system and visualized using 310 GeneScan version 3.1.2 (Applied Biosystems).

STATISTICAL ANALYSIS
All data were screened for mendelian errors using PEDSTATS
and MERLIN to detect any crossovers between markers.40 Thus,
our data set was free of any detectable mendelian errors, and
none of the markers genotyped deviated from the HardyWeinberg equilibrium.
Single-marker transmission disequilibrium test (TDT) analysis was performed using the TDTPhase program from the
UNPHASED suite of statistical programs.41 Haplotype analysis
was performed using the TRANSMIT program.42 The robust es-

timator option was selected for the analysis, which is robust to
the use of multiple affected siblings in the presence of linkage.
Furthermore, only haplotypes with a frequency greater than
5% were analyzed. Linkage disequilibrium between the markers was calculated using Haploview version 3.2.43 To address
the issue of multiple testing, permutation analysis was performed using the UNPHASED program. This analysis produces a significance level that corrects for the number of markers analyzed while taking into account the correlation between
markers. A total of 1000 permutations were run using the robust permutation option, which is robust to prior linkage.41
RESULTS

Six SNP markers were genotyped across the AVPR1B gene,
4 of which had been previously identified by van West
et al.22 Unfortunately, we were unable to genotype 1 of
the markers (rs33976516) identified in the study by van
West et al (named S3) because the assay failed. To determine the reason for the assay failure, the region was
resequenced and the genotyping discrepancy was found
to be caused by the presence of an SNP at the next base
pair. Both S3 and the adjacent SNP have been previously documented by Iida et al 44 (rs33976516 and
rs28529127). We further focused our study on 2 nonsynonymous SNPs that we identified from a public online database (http://pga.gs.washington.edu/). At the time
of our study, no information was available in HapMap
or dbSNP on this gene, so tag SNPs could not be identified. The 6 SNPs cover 7880 base pairs, and the linkage disequilibrium values for these SNPs in our sample
indicate that this gene falls within 1 linkage disequilibrium block (D⬘ values do not fall below 0.8 for any given
marker combination), thus suggesting that this gene has
been covered sufficiently in terms of capturing maximum variation.
The single-marker TDT analysis for these 6 markers
is given in Table 2. Two SNPs exhibited significant transmission bias of 1 allele to the affected offspring: Lys65Asn
(rs35369693), a nonsynonymous SNP encoding an amino
acid change from lysine to asparagine at amino acid 65
(Lys allele T46:NT23: P=.005), and S4 (rs33985287), located in the 3⬘ untranslated region (A allele T128:
NT96: P=.03). Furthermore, a trend was identified with
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Table 2. Transmission Disequilibrium Test Between the AVPR1B SNPs and Childhood-Onset Mood Disorders

SNP

SNP
(Major Allele First)

Minor Allele
Frequency

Transmitted:Not
Transmitted (Major Allele)

2 Value

P Value

T⬎C
G⬎A
G⬎C
G⬎A
A⬎G
G⬎A

0.07
0.19
0.05
0.13
0.20
0.13

58:42 (T)
93:120 (G)
46:23 (G)
84:69 (G)
128:96 (A)
87:78 (G)

2.57
3.43
7.81
1.47
4.58
0.49

.11
.06
.005 c
.22
.03
.48

S1 a
S2 a
Lys65Asn b
Arg364His b
S4 a
S5 a

Abbreviation: SNP, single nucleotide polymorphism.
a SNP source: van West et al.22
b SNP source: Seattle SNP database.
c A total of 1000 permutations were performed using UNPHASED on best P value (global significance: P = .02; SE = .004).

Table 3. Transmission Disequilibrium Test Between the AVPR1B 6-Marker Haplotype and Childhood-Onset Mood Disorders
Using TRANSMIT a
Haplotypes ⬎5%
(S1-S2-Lys65Asn-Arg364His-S4-S5)

Frequency

Observed

Expected

Variance
(Observed − Expected)

2

P Value
(df =1)

0.78
0.05
0.06

728.81
38.02
66.03

703.60
48.13
57.87

61.96
18.44
26.39

10.26
5.54
2.52

.001
.02
.11

TAGGAG
TGCAGA
TGGAGA
a Global

2
test: 21
= 42.28, P ⬍.001. Test on common haplotypes greater than 5%: 32 = 22.42, P ⬍.001.

Table 4. Transmission Disequilibrium Test Analysis of the Sample Stratified by Sex of Affected Offspring
Daughters (n = 214)
Transmitted:Not
Transmitted (Major Allele)

SNP
S1
S2
Lys65Asn
Arg364His
S4
S5
Global haplotype analysis
aA

26:12 (T)
58:36 (G)
20:8 (G)
39:27 (G)
67:37 (A)
41:34 (G)

Sons (n = 250)

2

P Value

5.28
5.19
5.31
2.19
8.77
0.65
51.03 (df = 22)

.02
.02
.02
.14
.003 a
.42
⬍.001

Transmitted:Not
Transmitted (Major Allele)
32:30 (T)
57:62 (G)
26:15 (G)
45:42 (G)
61:59 (A)
46:44 (G)

2

P Value

0.06
0.21
2.98
0.10
0.03
0.04
27.27 (df = 21)

.80
.65
.08
.75
.86
.83
.16

total of 1000 permutations were performed using UNPHASED on best TDT P value (global significance: P = .02, SE = .004).

SNP S2 (rs28373064), which is located in the promoter
region (G allele T93:NT120: P=.06). Permutation analysis was performed on the TDT analysis, and the best P
value (P=.005) still reached statistical significance after
1000 permutations (P= .02) (Table 2).
Conditional TDT using UNPHASED was performed
to determine if the association obtained for S4 was beyond the indirect association seen through linkage disequilibrium with Lys65Asn. Using Lys65Asn as the conditional marker and S4 as the test marker, the association
was no longer statistically significant (2 = 1.87, P=.39),
whereas when performing the opposite test, S4 as the conditional marker and Lys65Asn as the test marker, the result remained statistically significant (2 = 8.55, P =.01).
These data indicate that the positive association obtained for the SNP S4 can be attributed to the association observed with Lys65Asn.

Haplotype analysis using all 6 markers revealed 1 common haplotype at a frequency of 78% and 2 lowerfrequency haplotypes at frequencies of 5% and 6%. Association analysis in our sample found significant
overtransmission of the most common haplotype (P=.001)
and undertransmission of the 5% haplotype (P=.02), which
reached global significance (P⬍.001) (Table 3).
van West et al22 found their association to be more robust in females than males; because of this, we stratified
our sample by sex and examined the transmissions to female and male probands separately using TDTPhase
(Table 4). A sex effect was evident in our sample: singlemarker analysis for 4 of the SNPs and the haplotype analysis were significant in the females but not in males. This
effect cannot be explained by a bias in the number of affected female children because our sample is composed
of relatively equal numbers of affected male and female
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offspring (n = 250 males and 214 females). Furthermore, in the case of 2 of the SNPs, S2 and S4, the allele
transmissions differed significantly between the males and
females (S2: 2 = 4.03, P = .04; S4: 2 = 4.20, P = .04).
COMMENT

In this study, we found evidence of an association between genetic markers in the AVPR1B gene and childhoodonset mood disorders. Both single-marker and haplotype analyses produced statistically significant results, even
after correction for the use of multiple markers using permutation calculation. Furthermore, the association appears to be sex specific, with the association being restricted to the females in the sample.
The general outcome of this study is supportive of a
previous publication.22 The most common haplotype (78%),
however, was associated with affection status, whereas in
the previous study the most common haplotype (53%) was
protective. This discrepancy could be explained by the divergence of the SNP markers between the 2 studies, which
alters haplotypes and their frequencies. For instance, the
S3 (rs33976516) marker, which was not typed in this study,
appears to split the most common haplotype into 2 haplotypes in the study by van West et al; consequently, the
2 studies are reporting different common haplotypes. It is
possible that the common haplotype identified in our study
may be refined further with the addition of more markers,
splitting the transmitted haplotype into haplotypes biased and nonbiased in transmission.
Computational functional analysis of Lys65Asn using
the Web-based protein prediction software program
PolyPhen45 predicted the substitution of the basic amino
acid lysine with the acidic amino acid asparagine to be
“possibly damaging.” Amino acid 65 is located in the first
intracellular loop of the protein,46 and although this
change is unlikely to alter AVP binding, it may modify
internal cellular signaling through the activation of phospholipase C. A change in this signal transduction system could alter the reactivity of the corticotroph to AVP
binding, affecting the release of corticotropin. An additional polymorphism, S4, was also significant in the entire sample and remained so when confining the analysis to females, although conditional TDT analysis indicates
that the association found with this SNP is attributable
to its high correlation with Lys65Asn. Although these data
indicate that the Lys65Asn may be the casual variant responsible for the association seen with other markers, the
associated allele is common and thus other factors may
be involved, such as additional risk genes and environmental factors. Further investigation is under way to determine the functional relevance of the positive markers
and haplotypes.
Sex appears to play an important role in the association of AVPR1B and mood disorders, both in this and the
previous study.22 A recent large twin study that consisted of 15 493 adult twin pairs found that the heritability of depression is greater in females (42%) than males
(29%) and that it is probable that at least some of the genetic risk factors are sex specific in nature.47 In addition, several linkage and association studies25,48-50 in de-

pression have reported sex-specific loci, supporting the
existence of sex-dependent genetic effects.
Females are known to be more at risk for developing
depressive disorders than their male counterparts, and
this increased risk was suggested to be related to the natural fluctuations of estrogen levels during the menstrual
cycle.51 This theory is supported by the observation that
the increase in depression in females is not apparent until puberty, when estrogen levels significantly increase.52-54 Thus, it is possible that certain genes have genetic variation that could interact with the female
endocrine milieu to increase risk of depression.
Despite this apparent role of gonadal hormones in the
preponderance of females with depression, it is not clear
whether estrogen is the cause of the sex-specific association seen with AVPR1B in this study. Relatively little
is known regarding the effects of estrogen on this gene,
although the AVPR1B promoter contains an incomplete
estrogen response element and a cyclic adenosine monophosphate response element,55 both of which are present in the CRH gene, which is up-regulated by estrogen.56 The CRH gene contains 2 half-palindromic estrogen
response elements, and even though the elements are not
fully intact, they demonstrate weak evidence of estrogenic transcriptional regulation in vivo.57 Intriguingly,
a recent study55 has suggested a more complicated mechanism of estrogen regulation of CRH via both estrogen receptor ␤ and cyclic adenosine monophosphate response element binding protein. Considering that the
AVPR1B promoter contains a cyclic adenosine monophosphate response element binding site and is involved in similar endocrine functions as CRH, AVPR1B
could be regulated by estrogen in a similar manner.
One major caveat in focusing on estrogen to explain
the observed sex differences seen in this study is that in
our sample the mean±SD age of females was 11.3±2.4
years; hence, most girls in our study were prepubescent
(the average age for the onset of menarche is approximately 12.5 years; see Parent et al58 for a recent review).
However, evidence has documented an increase in estrogen levels (estrogenization) before the first physical
signs of puberty.59 Furthermore, both the stage of puberty and estrogen levels were found to be more predictive of increased vulnerability to depression in girls than
actual age.52,53 Therefore, without detailed data on puberty onset and/or estrogen levels for girls in this sample,
it is difficult to predict whether the increase in estrogen
levels associated with puberty is involved in the sexspecific association seen with this gene. Moreover, because the sex-specific association with AVPR1B has been
previously observed in a sample composed of adult
women, the sexual immaturity of our sample should not
be a major issue. In addition, the effects of estrogen are
not confined to a woman’s reproductive years; small levels of estrogen are present in the postnatal, and possibly
prenatal, brain that influence brain organization, assisting in the feminization of both the brain and behavior.60
An alternative explanation for the sex diathesis may
not be directly related to estrogen levels and may be more
inherent in brain architecture. Sex differences in vasopressin neuronal projections in the brain have been observed in rats and across divergent vertebrates, suggest-
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ing an evolutionary conserved role, 61 although sex
differences in AVP brain architecture have not been observed in humans.62 Nevertheless, sex differences in social communication have been observed with the administration of AVP in humans. Males exhibited agonistic
responses to same-sex facial stimuli, whereas females displayed affiliative behavior toward similar stimuli compared with matched controls who were administered saline.63 These observations are suggestive of a sex-specific
effect of AVP; whether this is true of its receptor AVPR1b
is not yet clear.
To summarize, we have found evidence that the gene
AVPR1B is associated with mood disorders that begin in
childhood and adolescence. In particular, we found an
association with a potentially functional SNP that could
influence internal cellular signal transduction. Further
work should seek to replicate these findings, investigate
the mechanisms behind the apparent sex-specific effect,
and examine the functional implications of the polymorphisms associated with mood disorders in this
sample.
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Székely, MD, Department of Pediatrics, Semmelweis University, Budapest, Hungary.
REFERENCES
1. Scott LV, Dinan TG. Vasopressin as a target for antidepressant development: an
assessment of the available evidence. J Affect Disord. 2002;72(2):113-124.
2. Watson S, Gallagher P, Ferrier IN, Young AH. Post-dexamethasone arginine va-

3.
4.

5.

6.

7.

8.

9.

10.

11.
12.
13.
14.

15.

16.
17.

18.

19.
20.

21.

22.

23.

24.

(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 64 (NO. 10), OCT 2007
1194

sopressin levels in patients with severe mood disorders. J Psychiatr Res. 2006;
40(4):353-359.
Parker KJ, Schatzberg AF, Lyons DM. Neuroendocrine aspects of hypercortisolism in major depression. Horm Behav. 2003;43(1):60-66.
Birmaher B, Ryan ND, Dahl R, Rabinovich H, Ambrosini P, Williamson DE, Novacenko H, Nelson B, Lo ES, Puig-Antich J. Dexamethasone suppression test in
children with major depressive disorder. J Am Acad Child Adolesc Psychiatry.
1992;31(2):291-297.
Puig-Antich J, Dahl R, Ryan N, Novacenko H, Goetz D, Goetz R, Twomey J, Klepper T. Cortisol secretion in prepubertal children with major depressive disorder:
episode and recovery. Arch Gen Psychiatry. 1989;46(9):801-809.
Birmaher B, Dahl RE, Perel J, Williamson DE, Nelson B, Stull S, Kaufman J, Waterman GS, Rao U, Nguyen N, Puig-Antich J, Ryan ND. Corticotropin-releasing
hormone challenge in prepubertal major depression. Biol Psychiatry. 1996;
39(4):267-277.
Dahl RE, Kaufman J, Ryan ND, Perel J, al-Shabbout M, Birmaher B, Nelson B,
Puig-Antich J. The dexamethasone suppression test in children and adolescents: a review and a controlled study. Biol Psychiatry. 1992;32(2):109-126.
Ashman SB, Dawson G, Panagiotides H, Yamada E, Wilkinson CW. Stress hormone levels of children of depressed mothers. Dev Psychopathol. 2002;14
(2):333-349.
Luby JL, Heffelfinger A, Mrakotsky C, Brown K, Hessler M, Spitznagel E. Alterations in stress cortisol reactivity in depressed preschoolers relative to psychiatric and no-disorder comparison groups. Arch Gen Psychiatry. 2003;60(12):
1248-1255.
Kunugi H, Ida I, Owashi T, Kimura M, Inoue Y, Nakagawa S, Yabana T, Urushibara T, Kanai R, Aihara M, Yuuki N, Otsubo T, Oshima A, Kudo K, Inoue T, Kitaichi Y, Shirakawa O, Isogawa K, Nagayama H, Kamijima K, Nanko S, Kanba S,
Higuchi T, Mikuni M. Assessment of the dexamethasone/CRH test as a statedependent marker for hypothalamic-pituitary-adrenal (HPA) axis abnormalities
in major depressive episode: a multicenter study. Neuropsychopharmacology.
2006;31(1):212-220.
Aguilera G. Regulation of pituitary ACTH secretion during chronic stress. Front
Neuroendocrinol. 1994;15(4):321-350.
Landgraf R. The involvement of the vasopressin system in stress-related disorders.
CNS Neurol Disord Drug Targets. 2006;5(2):167-179.
Gold PW, Goodwin FK, Reus VI. Vasopressin in affective illness. Lancet. 1978;1
(8076):1233-1236.
Aguilera G, Rabadan-Diehl C. Vasopressinergic regulation of the hypothalamicpituitary-adrenal axis: implications for stress adaptation. Regul Pept. 2000;
96(1-2):23-29.
Aguilera G, Pham Q, Rabadan-Diehl C. Regulation of pituitary vasopressin receptors during chronic stress: relationship to corticotroph responsiveness.
J Neuroendocrinol. 1994;6(3):299-304.
Rabadan-Diehl C, Aguilera G. Glucocorticoids increase vasopressin V1b receptor coupling to phospholipase C. Endocrinology. 1998;139(7):3220-3226.
Tanoue A, Ito S, Honda K, Oshikawa S, Kitagawa Y, Koshimizu TA, Mori T, Tsujimoto G. The vasopressin V1b receptor critically regulates hypothalamic-pituitaryadrenal axis activity under both stress and resting conditions. J Clin Invest. 2004;
113(2):302-309.
Itoh S, Yamada S, Mori T, Miwa T, Tottori K, Uwahodo Y, Yamamura Y, Fukuda
M, Yamamoto K, Tanoue A, Tsujimoto G. Attenuated stress-induced catecholamine release in mice lacking the vasopressin V1b receptor. Am J Physiol Endocrinol Metab. 2006;291(1):E147-E151.
Liebsch G, Wotjak CT, Landgraf R, Engelmann M. Septal vasopressin modulates anxiety-related behaviour in rats. Neurosci Lett. 1996;217(2-3):101-104.
Griebel G, Simiand J, Serradeil-Le Gal C, Wagnon J, Pascal M, Scatton B, Maffrand JP, Soubrie P. Anxiolytic- and antidepressant-like effects of the nonpeptide vasopressin V1b receptor antagonist, SSR149415, suggest an innovative approach for the treatment of stress-related disorders. Proc Natl Acad Sci
U S A. 2002;99(9):6370-6375.
Stemmelin J, Lukovic L, Salome N, Griebel G. Evidence that the lateral septum is
involved in the antidepressant-like effects of the vasopressin V1b receptor antagonist, SSR149415. Neuropsychopharmacology. 2005;30(1):35-42.
van West D, Del-Favero J, Aulchenko Y, Oswald P, Souery D, Forsgren T, Sluijs
S, Bel-Kacem S, Adolfsson R, Mendlewicz J, Van Duijn C, Deboutte D, Van
Broeckhoven C, Claes S. A major SNP haplotype of the arginine vasopressin 1B
receptor protects against recurrent major depression. Mol Psychiatry. 2004;
9(3):287-292.
Sugimoto T, Saito M, Mochizuki S, Watanabe Y, Hashimoto S, Kawashima H.
Molecular cloning and functional expression of a cDNA encoding the human V1b
vasopressin receptor. J Biol Chem. 1994;269(43):27088-27092.
Detera-Wadleigh SD, Badner JA, Berrettini WH, Yoshikawa T, Goldin LR, Turner
G, Rollins DY, Moses T, Sanders AR, Karkera JD, Esterling LE, Zeng J, Ferraro
TN, Guroff JJ, Kazuba D, Maxwell ME, Nurnberger JI Jr, Gershon ES. A high-

WWW.ARCHGENPSYCHIATRY.COM

©2007 American Medical Association. All rights reserved.
Downloaded From: http://archpsyc.jamanetwork.com/ on 09/17/2014

25.

26.
27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.
40.
41.
42.
43.
44.

density genome scan detects evidence for a bipolar-disorder susceptibility locus on 13q32 and other potential loci on 1q32 and 18p11.2. Proc Natl Acad Sci
U S A. 1999;96(10):5604-5609.
Nash MW, Huezo-Diaz P, Williamson RJ, Sterne A, Purcell S, Hoda F, Cherny
SS, Abecasis GR, Prince M, Gray JA, Ball D, Asherson P, Mann A, Goldberg D,
McGuffin P, Farmer A, Plomin R, Craig IW, Sham PC. Genome-wide linkage analysis of a composite index of neuroticism and mood-related scales in extreme selected sibships. Hum Mol Genet. 2004;13(19):2173-2182.
Talbot CJ, Nicod A, Cherny SS, Fulker DW, Collins AC, Flint J. High-resolution mapping of quantitative trait loci in outbred mice. Nat Genet. 1999;21(3):305-308.
Turri MG, Talbot CJ, Radcliffe RA, Wehner JM, Flint J. High-resolution mapping
of quantitative trait loci for emotionality in selected strains of mice. Mamm Genome.
1999;10(11):1098-1101.
Liu X, Gentzler AL, Tepper P, Kiss E, Kothencne VO, Tamas Z, Vetro A, Kovacs
M. Clinical features of depressed children and adolescents with various forms
of suicidality. J Clin Psychiatry. 2006;67(9):1442-1450.
Shaw DS, Schonberg M, Sherrill J, Huffman D, Lukon J, Obrosky D, Kovacs M.
Responsivity to offspring’s expression of emotion among childhood-onset depressed mothers. J Clin Child Adolesc Psychol. 2006;35(4):490-503.
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55. René P, Lenne F, Ventura MA, Bertagna X, de Keyzer Y. Nucleotide sequence and
structural organization of the human vasopressin pituitary receptor (V3) gene.
Gene. 2000;241(1):57-64.
56. Miller WJ, Suzuki S, Miller LK, Handa R, Uht RM. Estrogen receptor (ER)beta
isoforms rather than ERalpha regulate corticotropin-releasing hormone promoter activity through an alternate pathway. J Neurosci. 2004;24(47):1062810635.
57. Vamvakopoulos NC, Chrousos GP. Evidence of direct estrogenic regulation of
human corticotropin-releasing hormone gene expression. Potential implications for the sexual dimophism of the stress response and immune/
inflammatory reaction. J Clin Invest. 1993;92(4):1896-1902.
58. Parent AS, Teilmann G, Juul A, Skakkebaek NE, Toppari J, Bourguignon JP.
The timing of normal puberty and the age limits of sexual precocity: variations
around the world, secular trends, and changes after migration. Endocr Rev. 2003;
(24):668-693.
59. Błogowska A, Rzepka-Gorska I, Krzyzanowska-Swiniarska B, Zoltowski S, Kosmowska B. Leptin, neuropeptide Y, beta-endorphin, gonadotropin, and estradiol levels in girls before menarche. Gynecol Endocrinol. 2003;17(1):7-12.
60. Collaer ML, Hines M. Human behavioral sex differences: a role for gonadal hormones during early development? Psychol Bull. 1995;118(1):55-107.
61. De Vries GJ, Panzica GC. Sexual differentiation of central vasopressin and vasotocin systems in vertebrates: different mechanisms, similar endpoints.
Neuroscience. 2006;138(3):947-955.
62. Fliers E, Guldenaar SE, van , de WN, Swaab DF. Extrahypothalamic vasopressin
and oxytocin in the human brain; presence of vasopressin cells in the bed nucleus
of the stria terminalis. Brain Res. 1986;375(2):363-367.
63. Thompson RR, George K, Walton JC, Orr SP, Benson J. Sex-specific influences
of vasopressin on human social communication. Proc Natl Acad Sci U S A. 2006;
103(20):7889-7894.

(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 64 (NO. 10), OCT 2007
1195

WWW.ARCHGENPSYCHIATRY.COM

©2007 American Medical Association. All rights reserved.
Downloaded From: http://archpsyc.jamanetwork.com/ on 09/17/2014

