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a b s t r a c t

Objective: The aim of this study is to evaluate the association between HTR1A, HTR2A and the 5-HTTLPR
in panic disorder (PD) patients and controls. In addition, this study also aims to evaluate the interaction
between these genes and two environmental factors previously associated with PD: childhood trauma
and parental bonding.
Methods: This is a case–control candidate gene association study (107 PD patients and 125 controls).
Genes were analyzed using a gene-based test in PLINK followed by single marker association tests and
haplotype test only for genes that reached experiment-wide significance in the gene-based test in order
to minimize multiple testing. Logistic regression was used to test the relationships between genotype
in the additive model, trauma, optimal paternal parenting and optimal maternal parenting and their
interactions.
LC6A4 Results: Only HTR1A was associated with PD in gene-based test after correction for multiple
tests (pcorrected = 0.027) and one HTR1A haplotype comprising four SNPs was associated with PD
(pcorrected = 0.032). In the interaction analysis, no significant gene–environment interaction was found
with the genes evaluated.
Conclusion: This study reinforces the association between HTR1A and PD. No major evidence of

ction
findi
gene–environment intera
in order to confirm these

anic disorder (PD) is a familial and heritable phenotype [42]. How-
ver, efforts to identify the specific genes involved have had mixed
esults [3,8,24]. Association studies have focused on the role played
y the genes encoding the elements of specific neurotransmitter
ystem, including receptors, transporters and metabolizing enzyme
f the serotonergic, noradrenergic or colecystokininergic systems
14]. Serotonergic neurotransmission pathways involve potential
andidate genes since experimental studies have shown that low-
ring serotonin levels by tryptophan depletion augments panic
esponse in PD patients [25]. In addition, medications increasing

he synaptic availability such as serotonin re-uptake inhibitors are
ffective in the treatment of PD [25].

Previous studies have found a significant association between
he short form (s allele) of the serotonin transporter gene (SLC6A4)

∗ Corresponding author. Tel.: +55 51 33289234; fax: +55 51 33289234.
E-mail address: gmanfro@portoweb.com.br (G.G. Manfro).

304-3940/$ – see front matter © 2010 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.neulet.2010.08.042
in PD with parenting or trauma was found. Further studies are necessary
ngs.

© 2010 Elsevier Ireland Ltd. All rights reserved.

promoter polymorphism (5-HTTLPR) and anxiety traits in healthy
volunteers [40]. In a meta-analysis [3], there was no association
found between PD and 5-HTTLPR. However, a recently detected
genetic polymorphism (16A allele) [30] in the l allele of 5-HTTLPR
has been linked to a lower expression of the serotonin transporter
[17,21] and no study had previously evaluated this polymorphism
in association studies of panic disorder. Pre-clinical and clinical
studies have suggested that the serotonin receptor 1A gene (HTR1A)
might play a critical role in PD [16] and a functional promoter poly-
morphism in the HTR1A C1019G (rs6295) has been reported to be
associated to agoraphobia and PD [37]. The serotonin receptor 2
gene (HTR2A) has also been implicated in PD etiology since drugs
that act on this serotonin receptor are anxiolytic [6]. These results

warrant further investigation of the role of genes of the serotonin
pathway in PD.

While genes influence the risk of PD, environmental risk fac-
tors such as childhood experiences play an equally important
role [11]. For instance, childhood sexual abuse elevates the risk

dx.doi.org/10.1016/j.neulet.2010.08.042
http://www.sciencedirect.com/science/journal/03043940
http://www.elsevier.com/locate/neulet
mailto:gmanfro@portoweb.com.br
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or adult generalized anxiety disorder and PD [11,20]. Some
uthors have also suggested that the relationship of a child with
he primary caregiver can play an important role in the devel-
pment of psychopathology [10,22,35]. Previous studies have
eported that PD is associated with lower parental care and
igher overprotection scores when compared to healthy controls
10,31,44].

Diathesis-stress theories of depression and anxiety suggest
hat individuals’ sensitivity to stressful events depends on their
enetic makeup. Heritability estimates for anxiety symptoms are
igher among individuals who have reported stressful life events
s compared to those without stress, suggesting environmental
oderation of genetic effects [41]. Association studies attempt to

dentify both environmental and genetic risk factors as well as their
nteraction to test if a specific genotype moderates the effect of
xposure to an environmental risk factor [26]. Serotonergic genes
ave been implicated in a gene–environment studies of depression
5,19] and anxiety [12]. However, no study to date has investigated
ene–environment interactions in PD.

The aim of this study is to evaluate the association between
olymorphisms in HTR1A, HTR2A, 5-HTTLPR and PD. Additionally,
e investigate the interaction between polymorphisms in these

enes and two environmental factors previously associated with
D: childhood trauma and parental bonding.

PD patients with or without agoraphobia were recruited from
he Anxiety Disorder Outpatient Clinic at the Hospital de Clínicas
e Porto Alegre (HCPA) after informed consent. Subjects com-
rised of 109 PD patients and 127 controls who were employees
rom HCPA and were recruited between June 2006 and April 2007.
atients and controls were screened by a psychiatrist to evaluate
ny psychiatric disorders. All subjects were at least 18 years old and
thnically European-Brazilian. Patients with comorbidities com-
on to PD were eligible, provided that the symptoms were not

linically more severe than the PD symptoms. Blood was collected
rom participants for DNA extraction after written informed con-
ent. Institutional review board approval was obtained from the
thics committee of the Hospital de Clínicas de Porto Alegre (Num-
er 04-272) and the study is in accordance with the Declaration of
elsinki.

All subjects were evaluated by a clinical interview and the Mini
nternational Neuropsychiatry Interview (MINI) – Brazilian version
1]. A semi-structured interview was used to assess sociodemo-
raphic data and clinical history.

Childhood trauma was evaluated by the Childhood Trauma
uestionnaire (CTQ) – Brazilian version [13], which evaluates five

ubscales: childhood emotional, physical and sexual abuse and
hildhood physical and emotional neglect. Previous studies indi-
ate that the CTQ scores are stable and subscales demonstrated
ood internal consistency and convergent validity. Since all sub-
cales were associated with PD (Mann–Whitney U, p < 0.01) and
ere intercorrelated (r > 0.4), CTQ was only assessed as the global

ndex to avoid multiple comparisons [38].
Parenting was assessed by the Parental Bonding Inventory (PBI)

Brazilian version [15,39]. The original PBI was intended to mea-
ure the perceived parental rearing styles of overprotection and
armth as remembered by the respondents during their first 16

ears of life. It consists of 25 items to be assessed separately for
other and father. The long-term stability of the PBI has been

emonstrated in a 20-year cohort study. Both low warmth and
igh overprotection were associated with PD (Mann–Whitney U,
< 0.01), but no association was found with authoritarianism in

ither the father or mother with PD. In order to minimize multiple
omparisons, we generated a combined variable for all the scales
elated to each parent, creating a 2 × 2 table considering warmth
low and high) and overprotection (low and high) and then using
nly one quadrant as the ideal parenting subtype named “optimal
tters 485 (2010) 11–15

father” and “optimal mother” characterized by high warmth and
low overprotection scores.

For 5-HTTLPR, we examined the variable length polymorphism
in the promoter including the embedded SNP (rs25531). For HTR2A,
we included two putative functional SNPs: rs6313 (located in a
coding exon) and rs6311 (located in the promoter). For HTR1A,
HapMap (CEU, data release 24) SNPs were selected within the gene
and 10 kb flanking region to each side, resulting in a span of 20 kb.
The Tagger program [7] (http://www.broad.mit.edu/mpg/tagger/)
was used to identify tag SNPs with a minor allele frequency of
greater than 5% and minimum r2 of 0.8. Six markers for HTR1A were
selected: rs12653018, rs4521432, rs6449693, rs6294, rs7448024
and rs13361335 using pairwise marker tagging. Additionally, one
functional SNPs (rs6295) previously evaluated in PD sample [37]
were also included.

A total of 1 �g genomic DNA (diluted in 1× TE buffer at 50 ng/�l)
from each subject was transferred to 96-well plates. Quantifica-
tion of DNA was determined by PicoGreen® (Molecular Probes, OR,
USA).

Genotyping of HTR1A and HTR2A was performed as previously
described [43]. Genotyping of the 5-HTTLPR was performed using
the following protocol: Genomic DNA (1.4 ng) was amplified in
a 7 �l reaction using KlenTaq DNA Polymerase (0.2 U), the pro-
prietary KlenTaq Buffer (1×), dNTPs (200 �M each), 5% glycerol,
Betaine (1 M) and the marker specific primers (0.2 �M). Amplifica-
tion was performed with 13 cycles of denaturation for 30 s at 93 ◦C,
annealing for 30 s beginning at 61.5 ◦C and dropped 0.5 ◦C every
cycle and primer extension at 72 ◦C for 30 s, followed by 37 cycles
of denaturation for 30 s at 93 ◦C, annealing for 30 s at 55 ◦C and
primer extension at 72 ◦C for 30; 72 ◦C for 1 h. The amplified product
(1 �l) was combined with size standard (LIZ-250) before being ana-
lyzed on an ABI-3730. The long allele appears as a product of about
412 while the short allele shows a band at about 370. The geno-
type of the SNP embedded in the 5-HTTLPR (rs25531) was assayed
by digesting the PCR product with the restriction enzyme MspI
[17]. This 10 �l reaction contains 2 �l of the PCR product, 1 �l of
10× restriction buffer (New England Biolabs), 1 �l of MspI enzyme
and 6 �l of water. The reaction was incubated at 37 ◦C for 1 h. The
digested product (1 �l) was then combined with size standard (LIZ-
250) before being analyzed on an ABI-3730. Post-digestion, the long
allele with the A SNP allele appears as a product of about 320, the
G SNP allele is indicated by the presence of a band at 148, while
the short allele shows a band at about 277. The final genotype
was determined from the information from the analysis of both
the digested and undigested PCR product.

Markers were retained only if they met the following qual-
ity control criteria: (1) >90% genotype call rate; (2) minor allele
frequency (MAF) >5%; (3) Hardy–Weinberg equilibrium p > 0.001.
Three duplicates were assessed in the experiment and 100% con-
cordance in genotypes was seen. After applying these quality
control filters, 8 markers were retained for the association anal-
ysis (rs4521432, rs6449693, rs13361335, rs6295, rs6313, rs6311,
5-HTTLPR biallelic and triallelic). Two SNP (rs6294 and rs12653018)
did not meet our thresholds for minor allele frequency, and one SNP
(rs7448024) was out of HWE.

Four individuals with genotyping call rates less than 90% were
excluded resulting in final dataset of 232 (107 cases and 125 con-
trols) subjects to be included in the analysis.

Normal distribution and sphericity of phenotypes were assessed
using Kolmogorov–Smirnov test and Levene’s test. The majority of
CTQ and PBI scales are not normally distributed and so the CTQ and

PBI scores were dichotomized using ROC curves to maximize the
accuracy of the cut-off to predict presence of PD in adulthood for
risk factors, or predict absence of PD in adulthood for protective fac-
tors. The Youden’s index J was used to define the optimal cut-point
for the continuous variables and area under the curve (AUC) was

http://www.broad.mit.edu/mpg/tagger/
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Table 1
Set-based test for the association between polymorphisms (PMs) and panic disorder (PD n = 107, Controls n = 125).

Set PMs in the set PMs T-Value Empirical p-value 0 Empirical p-value 1 Empirical p-value 2

HTR1A P1 rs6449693 7.495 0.0159 0.0203 0.0555
P2 rs4521432 7.226 0.0103 0.0137 0.0383
P3 rs6295 7.059 0.0089 0.0111 0.0303

HTR2A P1 rs6311 0.335 0.6337 0.6493 0.9673
P2 rs6313 0.238 0.6415 0.6493 0.9677

5-HTTLPR P1 Biallelic 0.318 0.5975 0.5975 0.9597

5-HTTLPR P1 Triallelic 0.225 0.6469 0.6469 0.9717

A multi-marker set-based test implemented in PLINK was used for the analysis of all genes. Sets that have an experiment-wide association p-value (p < 0.05) are shown in
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-value p 0: p-value for average chi-square without correction; empirical p-value
orrected for all tests in all sets. Abbreviations: PMs, polymorphisms; HTR1A, serot
romoter polymorphism.

sed to test significance. The best cut-point for CTQ Global Score
as ≥41 (AUC = 0.695; p < 0.001). The best cut-points for PBI scales
ere: ≥6 for maternal overprotection (AUC = 0.621; p = 0.002) and
4 for paternal overprotection (AUC = 0.631; p = 0.001); and ≥16

or maternal warmth (AUC = 0.615; p = 0.003) and ≥13 for pater-
al warmth (AUC = 0.600; p = 0.001). This procedure has been used
efore in a previous study [39].

For an initial analysis, we used a set-based test for each
ene implemented in PLINK [33] (http://pngu.mgh.harvard.edu/
urcell/plink/) followed by single marker association tests. The set-
ased test is based on calculating the average test statistic for the
est three SNPs per gene region, and evaluating the significance of
hese set-statistics by permutations (m = 10,000).

Haplotype analysis was performed for genes that reached an
xperiment-wide significance. Haplotypes for HTR1A was defined
sing Haploview 4.2 [2]. The haplotype test performed is an
mnibus test to evaluate the joint effect of all haplotypes observed
minor allele frequencies [MAF] > .01). For haplotypes that met the
ignificance criteria in the omnibus test, we performed haplotype-
pecific tests of each haplotype versus all others corrected with
ermutation (n = 10,000 permutations).

Logistic regression techniques in PLINK were used to model
he relationships between genotype (using an additive model) and

rauma, optimal paternal parenting and optimal maternal parent-
ng, independently. For each polymorphism, the model included:
enotype, one of the three environmental factors and their inter-
ction term (genotype × environment).

able 2
TR1A single marker association and haplotype association with panic disorder (107 case

rs4521432 rs6449693 rs6295 rs13

Hap1 C A C G
Hap2 T G G T
Hap3 C A G T
Hap4 C A C T

Ominbu
Role Downstream Downstream Promoter Prom
HWE 0.695 0.794 0.794 >0.9
Allele change C/T A/G C/G G/T
Minor allele T G G G
Frequency in PD 0.55 0.55 0.56 0.12
Frequency in Controls 0.42 0.42 0.44 0.11
�2 (df = 1) 6.96 7.49 6.72 0.09
Asymptotic p-value 0.008 0.006 0.009 0.76
Empirical p-value 1 0.024 0.015 0.026 0.96
Empirical p-value 2 0.053 0.041 0.066 0.99
OR (95% CI) 1.64 (1.13–2.37) 1.67 (1.16–2.41) 1.62 (1.12–2.35) 1.09

bbreviations: PD, panic disorder; HTR1A, serotonin receptor 1A; SNP, single nucleotide
hi-square; df, degrees of freedom; 95% CI, confidence interval of 95%. Bold means p < 0.05
-value corrected for with 10,000 permutations.
nd P3 is the third one. Maximum computed permutations were 10,000. Empirical
-value corrected for all tests within this set/gene; empirical p-value p 2: p-value
eceptor 1A; HTR2A, serotonin receptor 2A; 5-HTTLPR, serotonin transporter gene

At each stage in the analysis, we adjusted the p-values to incor-
porate correction for multiple hypothesis testing. For single marker
association analysis, permutation (n = 10,000 permutations) was
used to correct for multiple testing yielding both gene-wise (p1)
and experiment-wise (p2) significance values. Haplotype anal-
ysis was corrected with permutation (n = 10,000 permutations)
using Haploview 4.2. The interaction analysis was corrected using
Bonferroni’s correction, accounting for the eight polymorphisms
evaluated. All tests were two-tailed.

The final dataset comprised 107 patients (76.6% woman, mean
age 39.94, SD 10.17 years) and 125 controls (70.4% woman,
mean age 36.93, SD 9.78 years). The mean age of PD onset
was 32 (SD = 10.38) years, and mean PD duration of 7.94 years
(SD = 8.45). Major PD comorbidities included agoraphobia (89.7%),
major depression (29%), generalized anxiety disorder (37.4%), social
anxiety disorder (17.8%), and dysthymia (15.9%).

Table 1 shows the results for the SNP association analysis with
PD. The results show that two markers in HTR1A remain significant
after experiment-wise correction for set-based tests. Table 2 shows
results for the single marker association and haplotype association
analyses with PD for the HTR1A markers.

In the whole sample, rs4521432, rs6449693, rs6295 and
rs13361335 were in strong LD (supplementary results, Fig. I). In the

haplotype analysis (omnibus test p = 0.032), Hap2 (Table 2) was sig-
nificantly associated with PD (asymptotic p-value = 0.008), whereas
Hap4 was protective (asymptotic p-value = 0.004) and remained
significant after permutation.

s and 125 controls).

361335 Frequency
in PD

Frequency in
Controls

�2 (df = 1) Asymptotic
p-value

Corrected
p-value

0.12 0.11 0.11 0.736 >0.999
0.55 0.42 6.97 0.008 0.032
0.01 0.02 0.03 0.871 >0.99
0.32 0.45 8.29 0.004 0.009

s .032
oter

99

4
9
9
(0.61–1.94)

polymorphism; HWE, Hardy–Weinberg equilibrium p-value; OR, odds ratio; �2,
. Asymptotic p-value: p-value for chi-square without correction; corrected p-value:

http://pngu.mgh.harvard.edu/purcell/plink/
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The interaction of trauma and 5-HTTLPR was nominally asso-
iated with PD, but did not remain significant after Bonferroni
orrection (p = 0.32). There were no significant results from anal-
ses of interaction between any SNPs and optimal maternal or
aternal parenting, or trauma in childhood and PD in adulthood
supplementary results, Table 3).

As reported in previous studies [18,36], we observed evidence
f association between variants in HTR1A and PD. In this study,
e also observed an association between PD and a specific HTR1A
aplotype. In addition, we found no gene–environment interaction
etween childhood experiences and 5-HTTLPR, HTR1A and HTR2A
nd PD.

Pre-clinical [32] and clinical studies have implicated HTR1A in
he pathogenesis of PD [4,23]. Studies in HTR1A knockout mice
ave demonstrated increased anxiety-like behavior in several tests
9,32,34]. In addition, PD has been associated with a reduction in
oth pre-synaptic and post-synaptic HTR1A receptors, as assessed
y positron emission tomography [28]. Previous studies evaluat-

ng a functional SNP (rs6295) in PD have found inconsistent results
24]. In our study, we saw associations of several SNPs in HTR1A
ith PD.

Similar inconsistent results have been published regarding asso-
iations of HTR2A and PD [24]. The 5-HTTLPR short allele has been
ssociated with anxiety traits in healthy volunteers [40]. Regard-
ng PD, no association was found between this polymorphism in a

eta-analysis [3] or in our study. To our knowledge, this is the first
tudy that has evaluated the triallelic form [17] of 5-HTTLPR and
D, and no significant results were found for either main effects or
ene–environment interactions.

We did not find any evidence of gene–environment interac-
ion with 5-HTTLPR, HTR1A or HTR2A using a composite trauma
ndex or indices of optimal maternal or paternal parenting, though
gain power was limited for this analysis. Gene–environmental
nteraction with trauma and 5-HTTLPR has been reported for
epression by different authors, but a recent meta-analysis did
ot support this interaction [27,29]. Our findings regarding PD are

n agreement with this lack of association reported for depres-
ion.

Our results should be interpreted in light of several limitations.
ost importantly, the small sample size means that our analyses
ay be subject to Type II error. The possibility of confounding by

opulation stratification exists in our study, though our sample
as restricted to self-identified Caucasian individuals as an attempt

o reduce these possible biases. A recent study has shown that in
he south of Brazil (where this sample is from), few inconsisten-
ies were seen between self-reported ethnicity and genetic data
45]. Additionally, the assessment of childhood maltreatment and
arental bonding was retrospective and done at the same time as
he phenotypic evaluation.

In sum, these data support an association between HTR1A and
D, consistent with previous studies. This study is among the first
o evaluate the effect of gene–environment interactions in PD,
ut we could not find any interaction between childhood expe-
iences, serotonergic genes and adult PD. Additional studies with
arger sample sizes are required to fully evaluate the potential for
ene–environment interaction.

onflict of interest

CB is on the speaker bureau of Eli Lilly Brazil. GGM is on the

peaker bureau of Eli Lilly and Roche Brazil. JWS has consulted to
li Lilly, received honoraria from Hoffman-La Roche, Inc., Enterprise
nalysis Corp., and MPM Capital, and has served on an advisory
oard for Roche Diagnostics Corporation. PM, GAS, EH, ACS and
L-S have no competing interests.

[

tters 485 (2010) 11–15

Acknowledgements

This research was supported by Fundação de Incentivo à
Pesquisa (FIPE-HCPA) grant 04-272 (CB and GGM), CAPES (CB,
GAS), CNPq grants 301533/2006-7, 504838/2009-1, 505066/2007-
6 (GGM, CB and GAS), Rose and Eugene Kleiner Family Foundation
(JWS).

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.neulet.2010.08.042.

References

[1] P. Amorim, Mini international neuropsychiatric interview (MINI): validação de
entrevista breve para diagnóstico de transtornos mentais, Rev. Bras. Psiquiatr.
22 (2000) 106–115.

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

[3] C. Blaya, G.A. Salum, M.S. Lima, S. Leistner-Segal, G.G. Manfro, Lack of associ-
ation between the serotonin transporter promoter polymorphism (5-HTTLPR)
and panic disorder: a systematic review and meta-analysis, Behav. Brain Funct.
3 (2007) 41.

[4] A. Broocks, T. Meyer, M. Opitz, U. Bartmann, U. Hillmer-Vogel, A. George,
G. Pekrun, D. Wedekind, E. Ruther, B. Bandelow, 5-HT1A responsivity in
patients with panic disorder before and after treatment with aerobic exer-
cise, clomipramine or placebo, Eur. Neuropsychopharmacol. 13 (2003) 153–
164.

[5] A. Caspi, K. Sugden, T.E. Moffitt, A. Taylor, I.W. Craig, H. Harrington, J. McClay, J.
Mill, J. Martin, A. Braithwaite, R. Poulton, Influence of life stress on depression:
moderation by a polymorphism in the 5-HTT gene, Science 301 (2003) 386–
389.

[6] L. de Angelis, 5-HT2A antagonists in psychiatric disorders, Curr. Opin. Invest.
Drugs 3 (2002) 106–112.

[7] P.I. de Bakker, R. Yelensky, I. Pe’er, S.B. Gabriel, M.J. Daly, D. Altshuler, Efficiency
and power in genetic association studies, Nat. Genet. 37 (2005) 1217–1223.

[8] K. Domschke, J. Deckert, M.C. O’Donovan, S.J. Glatt, Meta-analysis of COMT
val158met in panic disorder: ethnic heterogeneity and gender specificity, Am.
J. Med. Genet. B: Neuropsychiatr. Genet. 144 (2007) 667–673.

[9] S.C. Dulawa, C. Gross, K.L. Stark, R. Hen, M.A. Geyer, Knockout mice reveal
opposite roles for serotonin 1A and 1B receptors in prepulse inhibition, Neu-
ropsychopharmacology 22 (2000) 650–659.

10] C. Faravelli, C. Panichi, S. Pallanti, S. Paterniti, L.M. Grecu, S. Rivelli, Perception
of early parenting in panic and agoraphobia, Acta Psychiatr. Scand. 84 (1991)
6–8.

11] D.M. Fergusson, M.T. Lynskey, L.J. Horwood, Childhood sexual abuse and psy-
chiatric disorder in young adulthood. I. Prevalence of sexual abuse and factors
associated with sexual abuse, J. Am. Acad. Child Adolesc. Psychiatry 35 (1996)
1355–1364.

12] N.A. Fox, K.E. Nichols, H.A. Henderson, K. Rubin, L. Schmidt, D. Hamer, M. Ernst,
D.S. Pine, Evidence for a gene–environment interaction in predicting behavioral
inhibition in middle childhood, Psychol. Sci. 16 (2005) 921–926.

13] R. Grassi-Oliveira, L.M. Stein, J.C. Pezzi, Translation and content validation of the
childhood trauma questionnaire into Portuguese language, Rev. Saude Publica
40 (2006) 249–255.

14] M. Gratacos, I. Sahun, X. Gallego, A. Amador-Arjona, X. Estivill, M. Dierssen,
Candidate genes for panic disorder: insight from human and mouse genetic
studies, Genes Brain Behav. 6 (Suppl. 1) (2007) 2–23.

15] S. Hauck, S. Schestatsky, L. Terra, L. Knijnik, P. Sanchez, L.H. Ceitlin,
Cross-cultural adaptation of parental bonding instrument (PBI) to Brazilian
Portuguese, Rev. Psiquiatr. Rio Gd Sul 28 (2006) 162–168.

16] L.K. Heisler, H.M. Chu, T.J. Brennan, J.A. Danao, P. Bajwa, L.H. Parsons, L.H. Tecott,
Elevated anxiety and antidepressant-like responses in serotonin 5-HT1A recep-
tor mutant mice, Proc. Natl. Acad. Sci. U.S.A. 95 (1998) 15049–15054.

17] X.Z. Hu, R.H. Lipsky, G. Zhu, L.A. Akhtar, J. Taubman, B.D. Greenberg, K. Xu,
P.D. Arnold, M.A. Richter, J.L. Kennedy, D.L. Murphy, D. Goldman, Serotonin
transporter promoter gain-of-function genotypes are linked to obsessive-
compulsive disorder, Am. J. Hum. Genet. 78 (2006) 815–826.

18] Y.Y. Huang, C. Battistuzzi, M.A. Oquendo, J. Harkavy-Friedman, L. Greenhill, G.
Zalsman, B. Brodsky, V. Arango, D.A. Brent, J.J. Mann, Human 5-HT1A receptor
C(-1019)G polymorphism and psychopathology, Int. J. Neuropsychopharmacol.
7 (2004) 441–451.

19] M. Jokela, L. Keltikangas-Jarvinen, M. Kivimaki, S. Puttonen, M. Elovainio, R.
Rontu, T. Lehtimaki, Serotonin receptor 2A gene and the influence of childhood

maternal nurturance on adulthood depressive symptoms, Arch. Gen. Psychiatry
64 (2007) 356–360.

20] K.S. Kendler, C.M. Bulik, J. Silberg, J.M. Hettema, J. Myers, C.A. Prescott, Child-
hood sexual abuse and adult psychiatric and substance use disorders in women:
an epidemiological and cotwin control analysis, Arch. Gen. Psychiatry 57 (2000)
953–959.

http://dx.doi.org/10.1016/j.neulet.2010.08.042


nce Le

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

C. Blaya et al. / Neuroscie

21] F. Kilic, D.L. Murphy, G. Rudnick, A human serotonin transporter mutation
causes constitutive activation of transport activity, Mol. Pharmacol. 64 (2003)
440–446.

22] J.F. Leckman, R. Feldman, J.E. Swain, V. Eicher, N. Thompson, L.C. Mayes, Primary
parental preoccupation: circuits, genes, and the crucial role of the environment,
J. Neural. Transm. 111 (2004) 753–771.

23] K.P. Lesch, M. Wiesmann, A. Hoh, T. Muller, J. Disselkamp-Tietze, M. Oster-
heider, H.M. Schulte, 5-HT1A receptor–effector system responsivity in panic
disorder, Psychopharmacology (Berl) 106 (1992) 111–117.

24] E. Maron, J.M. Hettema, J. Shlik, Advances in molecular genetics of panic disor-
der, Mol. Psychiatry 15 (2010) 681–701.

25] E. Maron, A. Lang, G. Tasa, L. Liivlaid, I. Toru, A. Must, V. Vasar, J. Shlik, Associa-
tions between serotonin-related gene polymorphisms and panic disorder, Int.
J. Neuropsychopharmacol. 8 (2005) 261–266.

26] T.E. Moffitt, A. Caspi, M. Rutter, Strategy for investigating interactions between
measured genes and measured environments, Arch. Gen. Psychiatry 62 (2005)
473–481.

27] M.R. Munafo, C. Durrant, G. Lewis, J. Flint, Gene X environment interactions at
the serotonin transporter locus, Biol. Psychiatry 65 (2009) 211–219.

28] A. Neumeister, E. Bain, A.C. Nugent, R.E. Carson, O. Bonne, D.A. Luckenbaugh, W.
Eckelman, P. Herscovitch, D.S. Charney, W.C. Drevets, Reduced serotonin type
1A receptor binding in panic disorder, J. Neurosci. 24 (2004) 589–591.

29] A.A. Nierenberg, The long tale of the short arm of the promoter region for the
gene that encodes the serotonin uptake protein, CNS Spectr. 14 (2009) 462–463.

30] N. Ozaki, D. Goldman, W.H. Kaye, K. Plotnicov, B.D. Greenberg, J. Lappalainen,
G. Rudnick, D.L. Murphy, Serotonin transporter missense mutation associated
with a complex neuropsychiatric phenotype, Mol. Psychiatr. 8 (2003) 933–936.

31] C. Pacchierotti, L. Bossini, A. Castrogiovanni, F. Pieraccini, I. Soreca, P. Castrogio-
vanni, Attachment and panic disorder, Psychopathology 35 (2002) 347–354.

32] C.L. Parks, P.S. Robinson, E. Sibille, T. Shenk, M. Toth, Increased anxiety of
mice lacking the serotonin1A receptor, Proc. Natl. Acad. Sci. U.S.A. 95 (1998)
10734–10739.

33] S. Purcell, B. Neale, K. Todd-Brown, L. Thomas, M.A. Ferreira, D. Bender, J.

Maller, P. Sklar, P.I. de Bakker, M.J. Daly, P.C. Sham, PLINK: a tool set for whole-
genome association and population-based linkage analyses, Am. J. Hum. Genet.
81 (2007) 559–575.

34] S. Ramboz, R. Oosting, D.A. Amara, H.F. Kung, P. Blier, M. Mendelsohn, J.J.
Mann, D. Brunner, R. Hen, Serotonin receptor 1A knockout: an animal model of
anxiety-related disorder, Proc. Natl. Acad. Sci. U.S.A. 95 (1998) 14476–14481.

[

[

tters 485 (2010) 11–15 15

35] R.L. Repetti, S.E. Taylor, T.E. Seeman, Risky families: family social environ-
ments and the mental and physical health of offspring, Psychol. Bull. 128 (2002)
330–366.

36] C. Rothe, L. Gutknecht, C. Freitag, R. Tauber, R. Mossner, P. Franke, J. Fritze, G.
Wagner, G. Peikert, B. Wenda, P. Sand, C. Jacob, M. Rietschel, M.M. Nothen, H.
Garritsen, R. Fimmers, J. Deckert, K.P. Lesch, Association of a functional 1019C>G
5-HT1A receptor gene polymorphism with panic disorder with agoraphobia,
Int. J. Neuropsychopharmacol. 7 (2004) 189–192.

37] C. Rothe, D. Koszycki, J. Bradwejn, N. King, V. De Luca, S. Shaikh, P. Franke, H.
Garritsen, J. Fritze, J. Deckert, J.L. Kennedy, Association study of serotonin-2A
receptor gene polymorphism and panic disorder in patients from Canada and
Germany, Neurosci. Lett. 363 (2004) 276–279.

38] J.B. Savitz, L. van der Merwe, T.K. Newman, M. Solms, D.J. Stein, R.S. Ramesar,
The relationship between childhood abuse and dissociation. Is it influenced by
catechol-O-methyltransferase (COMT) activity? Int. J. Neuropsychopharmacol.
11 (2008) 149–161.

39] A.C. Seganfredo, M. Torres, G.A. Salum, C. Blaya, J. Acosta, C. Eizirik, G.G.
Manfro, Gender differences in the associations between childhood trauma
and parental bonding in panic disorder, Rev. Bras. Psiquiatr. 31 (2009) 314–
321.

40] S. Sen, M. Burmeister, D. Ghosh, Meta-analysis of the association between
a serotonin transporter promoter polymorphism (5-HTTLPR) and anxiety-
related personality traits, Am. J. Med. Genet. 127B (2004) 85–89.

41] J. Silberg, M. Rutter, M. Neale, L. Eaves, Genetic moderation of environmental
risk for depression and anxiety in adolescent girls, Br. J. Psychiatry 179 (2001)
116–121.

42] J.W. Smoller, E. Gardner-Schuster, J. Covino, The genetic basis of panic and pho-
bic anxiety disorders, Am. J. Med. Genet. C: Semin. Med. Genet. 148 (2008)
118–126.

43] J.W. Smoller, J.F. Rosenbaum, J. Biederman, J. Kennedy, D. Dai, S.R. Racette,
N.M. Laird, J. Kagan, N. Snidman, D. Hirshfeld-Becker, M.T. Tsuang, P.B. Sklar,
S.A. Slaugenhaupt, Association of a genetic marker at the corticotropin-
releasing hormone locus with behavioral inhibition, Biol. Psychiatry 54 (2003)

1376–1381.

44] I.M. Wiborg, A.A. Dahl, The recollection of parental rearing styles in patients
with panic disorder, Acta. Psychiatr. Scand. 96 (1997) 58–63.

45] V.M. Zembrzuski, S.M. Callegari-Jacques, M.H. Hutz, Application of an African
ancestry index as a genomic control approach in a Brazilian population, Ann.
Hum. Genet. 70 (2006) 822–828.


	Panic disorder and serotonergic genes (SLC6A4, HTR1A and HTR2A): Association and interaction with childhood trauma and par...
	Conflict of interest
	Acknowledgements
	Supplementary data
	Supplementary data


