
Akt2 Gene is Associated with Anxiety and Neuroticism in Humans
Lucia Engeli1, Marcel Delahaye1, Stefan Borgwardt1, Jurgen Gallinat2, Daniel Muller3, Marc Walter1, Undine E Lang1* and Johannes Beck1

1Department of Psychiatry, University Hospital Basel, Switzerland
2Department of Psychiatry, Charité University Medicine Berlin, Campus Mitte, Germany
3Department of Psychiatry, University of Toronto, Canada
*Corresponding author: Undine Lang, Universitare Psychiatrische Kliniken (UPK) Basel, Wilhelm Klein-Strasse 27

4012 Basel, Switzerland, Tel: +41 61 325 52 02; Fax: +41 61 325 55 18; E-mail: undine.lang@upkbs.ch

Copyright: © 2014 Engeli L, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.

Abstract

Background: The exact cellular and molecular mechanisms underlying the pathophysiology, successful
treatment and prevention of the highly associated anxiety and depressive disorders have not been identified. Akt2 is
a key protein in the Phosphatidylinositide-3 (PI3K)/ Glycogen Synthase 3 kinase (GSK3) signaling pathway. This
pathway is involved in Brain-Derived Neurotropic Factor (BDNF) signaling, fear memory, mood stabilization and
action of several antidepressant drugs. In this study, we examined whether Akt2 Single Nuclear Polymorphisms
(SNP) are associated with anxiety and depression associated personality traits.

Methods: Four hundred and sixty-three healthy participants completed a self-rating scale for anxiety traits
(Spielberger Trait-Anxiety Inventory, STAI) and depressive personality traits (NEO-FFI). Four SNPs of the Akt2 gene
(rs7247515, rs3730256, rs892118, rs11671439) were examined.

Results: The ANCOVA showed that the dependent variable anxiety trait score was significantly affected by all
four genotypes. The anxiety state score was a significant covariate in three genotypes. Neuroticism was influenced
by three of the four examined genotypes.

Conclusion: We found a connection between different genotypes of the Akt2 gene and personality traits
concerning anxiety and depression. These findings may be of importance for the understanding of the
pathophysiology of depressive and anxiety disorders. Furthermore, Akt2 might be a potential novel therapeutic
target in the treatment of those devastating mood disorders.
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Introduction
The Akt protein, also known as protein kinase B, is a downstream

target of the very important Brain-Derived Neurotropic Factor
(BDNF), Phosphatidylinositide-3 (PI3K), Glycogen Synthase 3 Kinase
(GSK3) signaling pathway that has been shown to be crucial for the
pathophysiology of various mood disorders. BDNF has been
implicated in bipolar disorder, depression, depression-related
personality traits and anxiety behaviour [1-5]. Decreased expression of
BDNF contributes to stress-related mood disorders. The upregulation
of BDNF on the other hand plays a role in the actions of different
antidepressant treatments [6]. Accordingly, alterations of BDNF
concentrations have been observed after antidepressant and mood
stabilizing treatment, physical exercise and electroconvulsive therapy
[6]. The Phosphatidylinositide-3 (PI3) kinase has further been shown
to mediate the BDNF-dependent spatial memory formation in rats [7].
Phosphoinositide dependent kinase PDK1 and PDK2, the downstream
targets of the PI3K, include Akt [8]. Akt phosphorylates and thus
inhibits glycogen synthase 3 GSK3. The PI3K-Akt pathway is involved
in the signaling of hormones associated with anxiety and depression
such as estrogen [9] or thyroid hormones [10,11].

Lithium, valproate, olanzapine and clozapine are at least in part
effective via PI3K-Akt signaling [12-15]. Moreover, PI3K is involved

in behavioural sensitization to cocaine [16], the extinction of fearful
memories and hippocampal plasticity [17]. Disruption of GSK3
phosphorylation by Akt decreased anxiety and reduced proneness to
depression in mice [18,19]. Conversely, decreased expression of PI3K
PDK1, leads to increased anxiety [20].

Little is known about the differential role of the Akt isoforms Akt1,
Akt2 and Akt3 involved in the PI3K/PDK1/Akt/GSK3 dependent
human behaviour. To this end, behavioural studies have been
performed in Akt2 knockout mice and their wild type littermates [21],
showing the Akt2 gene to be associated with depression and anxiety.
The present study thus aimed to better understand the role of the
isoform Akt2 in human behaviour. We explored four SNPs of the Akt2
gene on their possible role on anxiety behaviour [22,23]. In the present
study we examined whether there is a connection between the four
SNPs of the Akt2 gene and personality traits. We hypothesized to find
anxiety and depression related personality traits to be influenced by
genotype.

Patients and Methods

Patients
A total of 463 healthy participants, all of whom were unrelated

individuals of German descent (Caucasians; 239 male, 224 female, age:
38.4 ± 8) were recruited for this study through newspaper
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advertisement. The study was approved by the ethics committee of the
Charité University Medicine Berlin, Campus Mitte. Exclusion criteria
were psychiatric Axis-I or Axis-II disorder, Axis-I disorder of first-
degree relatives or the intake of psychotropic drugs. In order to detect
psychiatric comorbidity the Mini-International Neuropsychiatric
Interview (M.I.N.I.) was applied by an experienced psychiatrist [23].
The M.I.N.I. is a short structured diagnostic interview for DSM-IV
and ICD-10 psychiatric disorders [24]. Axis-I or axis-II disorders,
axis-I diagnosis of first degree relatives and psychotropic drug intake
led to exclusion of the study as detailed elsewhere [25].

The self-ratable State–Trait Anxiety Inventory (STAI), which
enables anxiety to be quantified as a comparatively stable personality
trait has been performed in all subjects [26].

The participants also completed the German version of the NEO-
Five Factor Inventory (NEO-FFI), which consists of 60 items and
allows reliable and valid assessment of personality traits along the
dimensions neuroticism, extraversion and openness to experiences,
agreeableness and conscientiousness [27]. Levels of neuroticism
strongly predict the risks for both lifetime and new-onset major
depression [28].

DNA genotyping
Genomic DNA was extracted from anti-coagulated venous blood

samples by using a salting out method [29]. Allelic discrimination of
the Akt2 SNPs (rs7247515, rs3730256, rs892118, rs11671439) was
performed using a TaqMan 5′exonuclease assay [30] according to the
recommendation of the manufacturer (Applied Biosystems, Foster
City, CA; Assay-on-Demand SNP product: C__11592758_10).

Statistical analysis
Between-group and between-genotype comparisons were

performed with one-way analysis of variance (ANOVA) or χ2 test.
Genotype effects on personality variables were computed with an
ANOVA including age as a covariate (ANCOVA). Further details are
given in the Results section. All tests were performed with a two-sided
p<0.05.

Results

Subjects
We analyzed DNA samples of four SNPs (rs7247515, rs3730256,

rs892118, rs11671439) from 463 subjects in the Akt2 prodomain. The
genotype frequency was CC (n=398; 86%) and CT (n=65; 14%) for
rs7247515. The genotype frequency was AG (n=86; 19%) and GG
(n=375; 81%) for rs3730256.The genotype frequency was AA (n=16;
3%) and AG (n=124; 26%) and GG (n=321; 70%) for rs892118. The
genotype frequency was CT (n=70; 15%) and TT (n=392; 84%) for
rs11671439.

The ANCOVA showed that the dependent variable STAI trait score
was significantly affected by allfour genotypes. The state score was a
significant covariate in three genotypes. The NEO-FFI data showed
that neuroticism was influenced by three different of the examined
genotypes. No gender and age differences have been observed
concerning all examined SNPs except one gender covariate in one
genotype. All results are shown in Table 1.

Age Gender STAI (trait
score)

STAI
(state
score)

NEO-FFI

rs7247515 F=0.988

df=1

p<0.321

F=3.74

df=1

p<0.054

F=4.2

df=1

p<0.039

F=4.10

df=1

p<0.043

F=8.96

df=1

p<0.003

rs3730256 F=1.15

df=1

p<0.284

F=5.303

df=1

p<0.022

F=7.58

df=1

p<0.006

F=5.55

df=1

p<0.019

F=7.33

df=1

p<0.007

rs892118 F=1.079

df=1

p<0.299

F=1.301

df=1

p<0.255

F=7.14

df=1

p<0.008

F=1.48

df=1

p<0.285

rs11671439 F=0.993

df=1

p<0.320

F=3.28

df=1

p<0.071

F=7.14

df=1

p<0.008

F=6.198

df=1

p<0.013

F=10.7

df=1

p<0.001

Table 1: Association between behavioural and epidemiological data
and genotype

Discussion
We found neuroticism and trait anxiety to be influenced by all

studied polymorphisms of the Akt2 gene. Therefore our hypothesis
can be confirmed, that genetically different preconditions in the
PI3K/Akt signaling pathway might influence vulnerability for anxiety
and depression. In the past decades evidence has been gathered that
the BDNF/PI3K/Akt/GSK3 pathway might be connected with mood
disorders. Since Akt2 is activated by phosphorylation through PI3K
which is again activated by the neurotropic BDNF [7], BDNF may
therefore signal through the increase of Akt2. BDNF is a well-known
neurotropic for which much evidence exists for a connection with
anxiety and depression [31]. In previous studies we found a
connection between BDNF genotype, BDNF serum concentrations
and the personality traits neuroticism and anxiety [2-4]. There is also
much evidence for a connection between anxiety and depressive
disorders and serotonergic neurotransmission in respect of BDNF
[1-5].

The downstream target of Akt2 is GSK3. Several recent advances
have been reviewed on the involvement of the signaling molecules Akt
and GSK3 in the regulation of behavior by the monoamine
neurotransmitters dopamine and serotonin [32]. A large variety of
pharmacological and molecular approaches for manipulating GSK3
are discussed, the results of which strongly support the proposal that
inhibition of GSK3 reduces both depression-like and manic-like
behaviors [33]. Studies in human postmortem brain and peripheral
cells also have identified correlations between alterations in GSK3 and
mood disorders. Evidence showed that depression may be associated
with impaired inhibitory control of GSK3, and mania by
hyperstimulation of GSK3. GSK3 and PI3K inhibition have been
shown to counteract antidepressant-like effects of folic acid in the
forced swimming test [34]. A similar effect has been observed on
antidepressant effects of ghrelin, whereby PI3K inhibitors selectively
inhibited ghrelin-induced antidepressant effects [35]. Accordingly,
inhibition of PI3K decreases activity and memory while increasing
insulin resistance, depression, and anxiety [36]. Attenuation of kinase
activity of Akt in depressed suicide victims has shown to be connected
with dysregulation of PI3K [37]. In this study, the effect on PI3K
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signaling was associated with major depression rather than with
suicide per se [37]. A temporary suppression of contextual fear was
associated with blunted synaptic activity in the basal amygdala and
decreased PI3K signaling in the hippocampus [17]. On the other hand,
treatment with a PI3K activating transduction peptide is able to
promote synaptogenesis and spinogenesis in primary cultures of rat
hippocampal neurons, as well as in CA1 hippocampal neurons in vivo
[38].

Taken together, we found a connection between the Akt2 gene and
human behaviour traits concerning anxiety and depression. This
finding is in line with an overwhelming evidence for a connection
between the BDNF/PI3K/Akt/GSK3 pathway and mood disorders.
Changes in Akt phosphorylation might be a possible therapeutic target
for the treatment and prevention of anxiety disorders and depression
(Figure 1).

Figure 1: A figure illustrating our hypothesis of a link between the
neurobiology of affective disorders and the mechanisms through
which Akt produces its effects on mood.

Acknowledgements
This work was supported by the DFG, Deutsche

Forschungsgemeinschaft (LA 2694/1-2).

References
1. Duman RS, Monteggia LM (2006) A neurotrophic model for stress-

related mood disorders. Biol Psychiatry 59: 1116-1127.
2. Lang UE, Hellweg R, Gallinat J (2004) BDNF serum concentrations in

healthy volunteers are associated with depression-related personality
traits. Neuropsychopharmacology: official publication of the American
College of Neuropsychopharmacology 29: 795-798

3. Lang UE, Hellweg R, Gallinat J (2005) Association of BDNF serum
concentrations with central serotonergic activity: evidence from auditory
signal processing. Neuropsychopharmacology: official publication of the
American College of Neuropsychopharmacology 30: 1148-1153

4. Lang UE, Hellweg R, Kalus P, Bajbouj M, Lenzen KP, et al. (2005)
Association of a functional BDNF polymorphism and anxiety-related
personality traits. Psychopharmacology (Berl) 180: 95-99.

5. Müller DJ, de Luca V, Sicard T, King N, Strauss J, et al. (2006) Brain-
derived neurotrophic factor (BDNF) gene and rapid-cycling bipolar
disorder: family-based association study. Br J Psychiatry 189: 317-323.

6. Russo-Neustadt AA, Chen MJ (2005) Brain-derived neurotrophic factor
and antidepressant activity. Curr Pharm Des 11: 1495-1510.

7. Mizuno M, Yamada K, Takei N, Tran MH, He J, et al. (2003)
Phosphatidylinositol 3-kinase: a molecule mediating BDNF-dependent
spatial memory formation. Mol Psychiatry 8: 217-224.

8. Kobayashi T, Cohen P (1999) Activation of serum- and glucocorticoid-
regulated protein kinase by agonists that activate phosphatidylinositide
3-kinase is mediated by 3-phosphoinositide-dependent protein kinase-1
(PDK1) and PDK2. Biochem J 339: 319-328.

9. Florian M, Lu Y, Angle M, Magder S (2004) Estrogen induced changes in
Akt-dependent activation of endothelial nitric oxide synthase and
vasodilation. Steroids 69: 637-645.

10. Cao X, Kambe F, Moeller LC (2005) Thyroid hormone induces rapid
activation of Akt/protein kinase B-mammalian target of rapamycin-
p70S6K cascade through phosphatidylinositol 3-kinase in human
fibroblasts. Molecular endocrinology 19: 102-112.

11. Cao X, Kambe F, Yamauchi M, Seo H (2009) Thyroid-hormone-
dependent activation of the phosphoinositide 3-kinase/Akt cascade
requires Src and enhances neuronal survival. Biochem J 424: 201-209.

12. Aubry JM, Schwald M, Ballmann E, Karege F (2009) Early effects of
mood stabilizers on the Akt/GSK-3beta signaling pathway and on cell
survival and proliferation. Psychopharmacology (Berl) 205: 419-429.

13. Gould TD, Manji HK (2005) Glycogen synthase kinase-3: a putative
molecular target for lithium mimetic drugs. Neuropsychopharmacology :
official publication of the American College of
Neuropsychopharmacology 30: 1223-1237

14. Klein PS, Melton DA (1996) A molecular mechanism for the effect of
lithium on development. Proc Natl Acad Sci U S A 93: 8455-8459.

15. Lu XH, Dwyer DS (2005) Second-generation antipsychotic drugs,
olanzapine, quetiapine, and clozapine enhance neurite outgrowth in
PC12 cells via PI3K/AKT, ERK, and pertussis toxin-sensitive pathways.
Journal of molecular neuroscience: MN27: 43-64

16. Zhang X, Mi J, Wetsel WC, Davidson C, Xiong X, et al. (2006) PI3 kinase
is involved in cocaine behavioral sensitization and its reversal with brain
area specificity. Biochem Biophys Res Commun 340: 1144-1150.

17. Pattwell SS, Bath KG, Casey BJ, Ninan I, Lee FS (2011) Selective early-
acquired fear memories undergo temporary suppression during
adolescence. Proc Natl Acad Sci U S A 108: 1182-1187.

18. Ackermann TF, Kempe DS, Lang F (2010) Hyperactivity and enhanced
curiosity of mice expressing PKB/SGK-resistant glycogen synthase
kinase-3 (GSK-3). Cellular physiology and biochemistry : international
journal of experimental cellular physiology, biochemistry, and
pharmacology 25: 775-786

19. Li X, Jope RS (2010) Is glycogen synthase kinase-3 a central modulator in
mood regulation? Neuropsychopharmacology 35: 2143-2154.

20. Ackermann TF, Hortnagl H, Wolfer DP (2008) Phosphatidylinositide
dependent kinase deficiency increases anxiety and decreases GABA and
serotonin abundance in the amygdala. Cellular physiology and
biochemistry : international journal of experimental cellular physiology,
biochemistry, and pharmacology 22: 735-744

21. Leibrock C, Ackermann TF, Hierlmeier M, Lang F, Borgwardt S, et al.
(2013) Akt2 deficiency is associated with anxiety and depressive behavior
in mice. Cell Physiol Biochem 32: 766-777.

22. Friedman AN, Marrero D, Ma Y, Ackermann R, Narayan KM, et al.
(2008) Value of urinary albumin-to-creatinine ratio as a predictor of type
2 diabetes in pre-diabetic individuals. Diabetes Care 31: 2344-2348.

23. Goodarzi MO, Jones MR, Chen YD, Azziz R (2008) First evidence of
genetic association between AKT2 and polycystic ovary syndrome.
Diabetes Care 31: 2284-2287.

24. Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs J, et al. (1998)
The Mini-International Neuropsychiatric Interview (M.I.N.I.): the
development and validation of a structured diagnostic psychiatric
interview for DSM-IV and ICD-10. J Clin Psychiatry 59 Suppl 20: 22-33.

Citation: Engeli L, Delahaye M, Borgwardt S, Gallinat J, Muller D, et al. (2014) Akt2 Gene is Associated with Anxiety and Neuroticism in
Humans. J Vasc Med Surg 2: 141. doi:10.4172/2329-6925.1000141

Page 3 of 4

J Vasc Med Surg
ISSN:2329-6925 JVMS, an open access journal

Volume 2 • Issue 3 • 1000141

http://www.ncbi.nlm.nih.gov/pubmed/16631126
http://www.ncbi.nlm.nih.gov/pubmed/16631126
http://www.ncbi.nlm.nih.gov/pubmed/15918078
http://www.ncbi.nlm.nih.gov/pubmed/15918078
http://www.ncbi.nlm.nih.gov/pubmed/15918078
http://www.ncbi.nlm.nih.gov/pubmed/17012654
http://www.ncbi.nlm.nih.gov/pubmed/17012654
http://www.ncbi.nlm.nih.gov/pubmed/17012654
http://www.ncbi.nlm.nih.gov/pubmed/15892658
http://www.ncbi.nlm.nih.gov/pubmed/15892658
http://www.ncbi.nlm.nih.gov/pubmed/12610654
http://www.ncbi.nlm.nih.gov/pubmed/12610654
http://www.ncbi.nlm.nih.gov/pubmed/12610654
http://www.ncbi.nlm.nih.gov/pubmed/15465108
http://www.ncbi.nlm.nih.gov/pubmed/15465108
http://www.ncbi.nlm.nih.gov/pubmed/15465108
http://www.ncbi.nlm.nih.gov/pubmed/19747164
http://www.ncbi.nlm.nih.gov/pubmed/19747164
http://www.ncbi.nlm.nih.gov/pubmed/19747164
http://www.ncbi.nlm.nih.gov/pubmed/19440698
http://www.ncbi.nlm.nih.gov/pubmed/19440698
http://www.ncbi.nlm.nih.gov/pubmed/19440698
http://www.ncbi.nlm.nih.gov/pubmed/8710892
http://www.ncbi.nlm.nih.gov/pubmed/8710892
http://www.ncbi.nlm.nih.gov/pubmed/16414349
http://www.ncbi.nlm.nih.gov/pubmed/16414349
http://www.ncbi.nlm.nih.gov/pubmed/16414349
http://www.ncbi.nlm.nih.gov/pubmed/21220344
http://www.ncbi.nlm.nih.gov/pubmed/21220344
http://www.ncbi.nlm.nih.gov/pubmed/21220344
http://www.ncbi.nlm.nih.gov/pubmed/20668436
http://www.ncbi.nlm.nih.gov/pubmed/20668436
http://www.ncbi.nlm.nih.gov/pubmed/24080829
http://www.ncbi.nlm.nih.gov/pubmed/24080829
http://www.ncbi.nlm.nih.gov/pubmed/24080829
http://www.ncbi.nlm.nih.gov/pubmed/18796622
http://www.ncbi.nlm.nih.gov/pubmed/18796622
http://www.ncbi.nlm.nih.gov/pubmed/18796622
http://www.ncbi.nlm.nih.gov/pubmed/18768676
http://www.ncbi.nlm.nih.gov/pubmed/18768676
http://www.ncbi.nlm.nih.gov/pubmed/18768676
http://www.ncbi.nlm.nih.gov/pubmed/9881538
http://www.ncbi.nlm.nih.gov/pubmed/9881538
http://www.ncbi.nlm.nih.gov/pubmed/9881538
http://www.ncbi.nlm.nih.gov/pubmed/9881538


25. Gallinat J, Mulert C, Bajbouj M, Herrmann WM, Schunter J, et al. (2002)
Frontal and temporal dysfunction of auditory stimulus processing in
schizophrenia. Neuroimage 17: 110-127.

26. Spielberger CD (1989) State-Trait Anxiety Inventory: a comprehensive
bibliography. Palo Alto: Cpnsulting Psychologists Press.

27. Borkenau P, Ostendorf F (1993) Neo-Fünf-Faktoren Inventar (NEO-
FFI), Handanweisung. Göttingen: Hogrefe.

28. Kendler KS, Gatz M, Gardner CO, Pedersen NL (2006) Personality and
major depression: a Swedish longitudinal, population-based twin study.
Arch Gen Psychiatry 63: 1113-1120.

29. Miller SA, Dykes DD, Polesky HF (1988) A simple salting out procedure
for extracting DNA from human nucleated cells. Nucleic Acids Res 16:
1215.

30. Livak KJ (1999) Allelic discrimination using fluorogenic probes and the
5' nuclease assay. Genet Anal 14: 143-149.

31. Lang UE, Borgwardt S (2013) Molecular mechanisms of depression:
perspectives on new treatment strategies. Cellular physiology and
biochemistry : international journal of experimental cellular physiology,
biochemistry, and pharmacology 31: 761-777

32. Beaulieu JM (2012) A role for Akt and glycogen synthase kinase-3 as
integrators of dopamine and serotonin neurotransmission in mental
health. J Psychiatry Neurosci 37: 7-16.

33. Jope RS (2011) Glycogen synthase kinase-3 in the etiology and treatment
of mood disorders. Front Mol Neurosci 4: 16.

34. Budni J, Lobato KR, Binfaré RW, Freitas AE, Costa AP, et al. (2012)
Involvement of PI3K, GSK-3Î² and PPARÎ³ in the antidepressant-like
effect of folic acid in the forced swimming test in mice. J
Psychopharmacol 26: 714-723.

35. Chen L, Xing T, Wang M, Miao Y, Tang M, et al. (2011) Local infusion of
ghrelin enhanced hippocampal synaptic plasticity and spatial memory
through activation of phosphoinositide 3-kinase in the dentate gyrus of
adult rats. Eur J Neurosci 33: 266-275.

36. Bandaru SS, Lin K, Roming SL, Vellipuram R, Harney JP (2010) Effects
of PI3K inhibition and low docosahexaenoic acid on cognition and
behavior. Physiol Behav 100: 239-244.

37. Karege F, Perroud N, Burkhardt S, Fernandez R, Ballmann E, et al. (2011)
Alterations in phosphatidylinositol 3-kinase activity and PTEN
phosphatase in the prefrontal cortex of depressed suicide victims.
Neuropsychobiology 63: 224-231.

38. Cuesto G, Enriquez-Barreto L, Caramés C, Cantarero M, Gasull X, et al.
(2011) Phosphoinositide-3-kinase activation controls synaptogenesis and
spinogenesis in hippocampal neurons. J Neurosci 31: 2721-2733.

 

Citation: Engeli L, Delahaye M, Borgwardt S, Gallinat J, Muller D, et al. (2014) Akt2 Gene is Associated with Anxiety and Neuroticism in
Humans. J Vasc Med Surg 2: 141. doi:10.4172/2329-6925.1000141

Page 4 of 4

J Vasc Med Surg
ISSN:2329-6925 JVMS, an open access journal

Volume 2 • Issue 3 • 1000141

http://www.ncbi.nlm.nih.gov/pubmed/12482071
http://www.ncbi.nlm.nih.gov/pubmed/12482071
http://www.ncbi.nlm.nih.gov/pubmed/12482071
http://www.ncbi.nlm.nih.gov/pubmed/17015813
http://www.ncbi.nlm.nih.gov/pubmed/17015813
http://www.ncbi.nlm.nih.gov/pubmed/17015813
http://www.ncbi.nlm.nih.gov/pubmed/3344216
http://www.ncbi.nlm.nih.gov/pubmed/3344216
http://www.ncbi.nlm.nih.gov/pubmed/3344216
http://www.ncbi.nlm.nih.gov/pubmed/10084106
http://www.ncbi.nlm.nih.gov/pubmed/10084106
http://www.ncbi.nlm.nih.gov/pubmed/21711983
http://www.ncbi.nlm.nih.gov/pubmed/21711983
http://www.ncbi.nlm.nih.gov/pubmed/21711983
http://www.ncbi.nlm.nih.gov/pubmed/21886606
http://www.ncbi.nlm.nih.gov/pubmed/21886606
http://www.ncbi.nlm.nih.gov/pubmed/22037925
http://www.ncbi.nlm.nih.gov/pubmed/22037925
http://www.ncbi.nlm.nih.gov/pubmed/22037925
http://www.ncbi.nlm.nih.gov/pubmed/22037925
http://www.ncbi.nlm.nih.gov/pubmed/21219473
http://www.ncbi.nlm.nih.gov/pubmed/21219473
http://www.ncbi.nlm.nih.gov/pubmed/21219473
http://www.ncbi.nlm.nih.gov/pubmed/21219473
http://www.ncbi.nlm.nih.gov/pubmed/19914265
http://www.ncbi.nlm.nih.gov/pubmed/19914265
http://www.ncbi.nlm.nih.gov/pubmed/19914265
http://www.ncbi.nlm.nih.gov/pubmed/21422769
http://www.ncbi.nlm.nih.gov/pubmed/21422769
http://www.ncbi.nlm.nih.gov/pubmed/21422769
http://www.ncbi.nlm.nih.gov/pubmed/21422769
http://www.ncbi.nlm.nih.gov/pubmed/21414895
http://www.ncbi.nlm.nih.gov/pubmed/21414895
http://www.ncbi.nlm.nih.gov/pubmed/21414895

	Contents
	Akt2 Gene is Associated with Anxiety and Neuroticism in Humans
	Abstract
	Keywords:
	Introduction
	Patients and Methods
	Patients
	DNA genotyping
	Statistical analysis

	Results
	Subjects

	Discussion
	Acknowledgements
	References


