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Molecular genetic case-control women investigation
from the first Brazilian high-risk study on
functional psychosis
Investigacao geneético-molecular do tipo
caso-controle em uma amostra de mulheres
portadoras de psicose funcional do primeiro
estudo de alto-risco brasileiro
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Sandra Petresco,’ Ricardo Alberto Moreno,> Homero Vallada*

Abstract

Objective: Data from epidemiological studies have demonstrated that genetics is an important risk factor for psychosis. The present study
is part of a larger project, pioneer in Brazil, which has been conducted by other researchers who intend to follow a high-risk population
(children) for the development of schizophrenia and bipolar disorder. In this first phase of the project, the objective was to investigate
the distribution of four candidate genetic polymorphisms for functional psychosis (Ser9Gly DRD3, 5HTTLPR, the VNTR 3"-UTR SLC6A3
and Val66Met BDNF) in a case-control sample. Method: A total of 105 women (58 with schizophrenia and 47 with bipolar disorder)
and 62 gender-matched controls were investigated. Results: Allele and genotype distributions of all identified functional polymorphisms
did not differ statistically between cases and controls. Conclusions: These results suggest that the investigated polymorphisms were not
related to susceptibility to functional psychoses in our Brazilian sample. These findings need to be validated in larger and independent
studies.

Descriptors: Schizophrenia; Bipolar disorder; DATI gene; SLC6A3 gene; DRD3 gene; Brain-derived neurotrophic factor gene

Resumo

Objetivo: Estudos epidemioldgicos demonstram que alteracoes genéticas séo fatores de risco importantes para o desenvolvimento de
psicose. O presente estudo é parte um projeto maior, pioneiro no Brasil, realizado com mais pesquisadores, que pretende seguir uma
populagéo de alto risco genético para o desenvolvimento de esquizofrenia e transtorno bipolar. Nesta primeira fase, o objetivo foi inves-
tigar a distribuicao de quatro polimorfismos genéticos candidatos no desenvolvimento de psicose funcional (Ser9Gly DRD3, SHTTLPR,
o VNTR 3™-UTR SLC6A3 e Val66Met BDNF) em uma amostra caso-controle. Método: Um total de 105 mulheres (58 esquizofrenia e
47 transtorno bipolar) e 62 controles sem diagndstico psiquiatrico foi investigado. Resultados: Nenhuma diferenga estatisticamente
significante foi observada nas distribuicdes alélicas e genotipicas entre os grupos investigados. Conclusées: Os resultados sugerem
que estes polimorfismos ndo estavam relacionados a suscetibilidade para psicose funcional nesta amostra brasileira estudada. Esses
achados precisam ser validados em estudos maiores e independentes.

Descritores: Esquizofrenia; Transtorno bipolar; Gene DAT1; Gene SLC6A3; Gene DRD3; Gene do fator neurotréfico derivado do
encéfalo
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Introduction

The diagnostic difference between schizophrenia and bipolar
disorder has been for more than a century based on differences in
phenomenology and outcome.! However, the distinction or even the
real existence of both diagnostic categories has been progressively
challenged. The accumulated evidence against it has come from
a great number of studies such as follow-up, family, twin and
neurobiological investigations for both disorders.?

Interestingly, both schizophrenia and bipolar disorders present
a good number of studies demonstrating the existence of an
important genetic factor for their development. The contribution
of the genetic component for the susceptibility of schizophrenia or
bipolar disorder is about 70% of the total variance for each disorder.
Many molecular genetic studies have been carried out, and their
results have indicated some common specific chromosomal areas
or DNA markers for both phenotypes, suggesting a further support
for revising the concept of these diagnostic categories.®

An alternative to validate a better phenotype for the investigation
of putative genes for schizophrenia and bipolar disorder is the
use of a broader concept called functional psychosis. However,
this term contains not only the categories of schizophrenia and
bipolar disorder, but also schizoaffective disorder and psychotic
depression.*

It has been suggested that if a better phenotype (i.e. closer to the
true clinical characterization associated with the underlying “disease
genes”) is used, the molecular genetic studies will identify these
genes with certainty.?

One of the most common strategies in molecular genetics to
identify genes associated with complex disorders has been the
utilization of the association study design. This method investigates
genes (usually selected a priori as a viable choice based on previous
scientific results — they are also called “candidate genes”) with small
to moderate effect for the development of the phenotypes.®

The present research team is pioneer in Brazil and will follow
children with a high genetic/biological risk for functional psychosis
(their mothers have bipolar disorder or schizophrenia) and will
compare them with children without such risk.® Although these
children present high genetic/biological risk for the development
of psychotic disorders, they do not present such disorders at the
moment. Therefore, the aim of the present study was to investigate
the role of polymorphisms from candidate genes for the development
of psychosis in the mother sample, in a case-control approach, in
order to replicate its results in future investigations with the sample
of children.

The polymorphisms were investigated in four important genes,
dopamine receptor subtype 3 gene (DRD3), the brain-derived
neurotrophic factor gene (BDNF) and the serotonin and dopamine
transporters genes (5HTT and DAT1/SLC6A3, respectively)
in the mothers and compare them with a non-psychotic
gender-matched group.

One representative functional polymorphism from each gene was
chosen, the serine-to-glycine amino acid substitution at position
9 (Ser9Gly) in the N-terminal domain of the DRD3 (rs6280); a
functional 44-bp insertion/deletion polymorphism (5HTTLPR) in
the promoter region of the 5HTT; a variable number of tandem
repeats (VNTR) polymorphism in the 3’-untranslated region of the
SLC6AS3; a non-conservative substitution from valine to methionine
at amino acid position 66 (Val66Met) in the pro-domain of BDNF
(rs6265).

These genes have been usually investigated in studies on
schizophrenia and bipolar disorder as separated phenotypes.
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However, studies with the dimensional or continuum approach in
functional psychosis phenotype have been uncommon.

A meta-analysis with the Ser9Gly DRD3 polymorphism
accomplished by Jonsson et al.” has found a relative risk of
homozygosis (Ser/Ser and Gly/Gly), with odds ratio varying from
1.08 to 1.10 for the development of schizophrenia. On the other
hand, association studies on bipolar disorder and the Ser9Gly DRD3
polymorphism have not found positive results.®

The studies with 5HTT have found inconsistent findings
regarding the association between the SHTTLPR polymorphism and
functional disorder. However, Cho et al.® have found a significant
pooled odds ratios of 1.12 for 5-HTTLPR as risk factor for bipolar
disorder. 5HTTLPR has been considered functionally biallelic, even
though other genetic variations were known. 5HTTLPR consists of
varying numbers of copies of a 20—-23-basis-pairs imperfect repeat
sequence. Substantial interpopulation variation occurs. Rare alleles
contain up to 20 copies of the repeat.® On the other hand, none of
these additional alleles was found to be functional. Therefore, it has
been possible to use different methods in the genotype exploratory
data analysis in the study of this polymorphism. However, recently
a third functional allele of this genetic variant was discovered,
which is an A > G single nucleotide polymorphism within the first
of two extra repeats that characterize the “insertion” allele.! As
such discovery occurred after the beginning of the present work,
unfortunately the genetic analysis of this paper did not take into
account the existence of this new allele.

Although some studies have found positive association between
the VNTR 9/9 and 10/10 polymorphisms of DAT1 and risk
for schizophrenia,'’'? most of them have not supported these
findings.'® Other studies have found positive association with
negative symptoms, ! loss of dopaminergic neurons and/or decrease
in the expression of DAT1 in patients with chronic schizophrenia.'®
Finally, in a meta-analysis with 659 schizophrenic and 563 controls,
even though there was over 90% of power to detect a significant
odds ratio as small as 1.3, no association was observed.'®

In a recent meta-analysis, there was no evidence of association
of the Val66Met polymorphism of BDNF and increased risk for
schizophrenia (2,955 patients and 4,035 controls) or bipolar
disorder (3,143 patients and 6,347 controls), with pooled odds
ratios of 1.00 (p = 0.944) and 0.95 (p = 0.161).77 Xu et al.,’®in
their population-based study and meta-analysis, have demonstrated
that the Val66Met BDNF polymorphism should not play major roles
in the susceptibility for schizophrenia in either Caucasian or Asian
populations.

Method

The present study was approved by the Ethics Committee of the
Universidade de Sao Paulo Medical School (process: 030/05). After
explanations on the research and approval by the participants, all
of them provided written informed consent. This is a cross-sectional
study and part of a larger investigation with mothers and children
with high genetic/biological risk for schizophrenia and bipolar
disorder. In the present study allele and genotype frequencies
from the investigated polymorphisms were compared between the
groups of women with schizophrenia and bipolar disorder with
children between 6 and 18 years old (case sample), originating
from the Institute of Psychiatry of the Hospital das Clinicas of the
Universidade de Sao Paulo Medical School, and women without
such psychiatric disorders (control sample) from the Gynecologic
Clinic of the same university with same-age children. Individuals
unable to answer the questionnaire of evaluation, to understand the
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term of informed consent, and to refuse the donation of blood for
genetic analysis were excluded from the study. For the participants
in the investigation, blinded interviews were administered using the
Structured Clinical Interview for Diagnostic and Statistical Manual
of Mental Disorders (SCID-1) and a sample of blood was collected
for genetic analysis.!?

The deoxyribonucleic acid (DNA) extraction was performed
using the “salting out” method described by Miller et al.?° and the
amplification of all polymorphisms studied was performed using
polymerase chain reaction (PCR). A different PCR condition was
used for each polymorphism: VNTR SLC6A3 by Vandenbergh et
al.;?* DRD3 Ser9Gly by Lannfelt et al.;?? 5HTTLPR by Heils et al.;?3
BDNF Val66Met by Rozen & Skaletsky.?

The groups were compared using Pearson’s chi-square test or
Fisher’'s exact test for categorical variables using the Statistical
Program for Social Sciences (SPSS). The polymorphism frequency
differences were investigated with Pearson’s chi-square test using the
Clump v1.9. The significance value adopted was 0.05. The Hardy-
Weinberg equilibrium was tested using the HWE Program.?®

Results

The total number of individuals investigated was 105 women
with functional psychosis (58 with schizophrenia and 47 with
bipolar disorder). These patients were compared with 62 women
(mothers) without functional psychosis. The mean age was 40.27
(SD =+ 6.32) (no statistical difference between the groups).

The power of the sample, based on 105 patients and 62
controls, disorder prevalence rate of 3% in the general population
(schizophrenia and bipolar disorder), allelic frequency close to
30%, multiplicative model with the genotype relative risk = 1.7,
and significance level of 0.05, was lower than 70%. Despite that,
underpowered non-significant study of possible real associations
with modest genetic effects can reasonably account for much of
the variability in replication and can contribute for meta-analysis (in
cases of modest genetic effects that would be hard to replicate in
small studies, meta-analysis may be interesting because it avoids
type | errors, false positive).

There were no significant deviations from the Hardy-Weinberg
equilibrium in any of the samples for the polymorphisms studied.
Case-control analysis provided no differences in genotypic
distributions, as well as homozygosis between psychosis and
control samples (Table 1). Considering that the homogeneity of the
genotypic proportions between the groups of patients and controls
was not rejected (H: pl = ql, p2 = g2 e p3 = g3), and for this
reason any function of these proportions could be rejected as well
(H:P1 + (1/2)p2 = q2 + (1/2)q2), it was not necessary to conduct
the allelic analysis (a function of the genotypic proportions).

The DAT1 polymorphism presents many rare alleles (e.g.: 8 and
11). This increases the degrees of freedom of the test and reduces
the power of the sample. However, no statistical difference was
observed even when the analysis was performed again (Table 2).

Discussion

The present research investigated the allelic and genotypic
distributions of polymorphisms from four candidate genes in 167
women (105 with psychosis and 62 controls) with the aim of
studying their role as genetic susceptibility for functional psychosis.
The results have not given support for the association of such
polymorphisms as risk factors for the investigated phenotype.

The ethnic admixture of the Brazilian sample may be a bias in
genetic association studies. To face such a problem, identification

Table 1 - Genotype distribution and allele frequencies of the
Ser9Gly, SLC6A3, 5HTTLPR and BDNF polymorphisms in
functional psychosis and control group

Polymorphisms Cases Controls p
Ser3Gly DRD3 N (%) N (%)
Genotypes
Ser/Ser 22 (21.35) 15 (24.59) 0.32
Ser/Gly 56 (54.68) 26 (42.62)
Gly/Gly 25 (24.27) 20 (32.79)
Total 103 (100) 61 (100)
Homozygosis Ser3Gly
SerSer+GlyGly 47 (45.63) 35 (57.37) 0.14
SerGly 56 (54.36) 26 (42.62)
SLCBA3 VNTR
Genotypes
1110 0 1(1.92)
119 0 1(1.92)
1010 44 (51.76) 31 (59.62) 0.39
109 35 (41.17) 16 (30.77)
108 1(1.17) 0
99 5 (5.88) 3(5.77)
Total 85 (100) 52 (100)
Homozygosis VNTR
99/1010 49 (57.64) 34 (65.38) 0.37
1110/119/109/108 36 (42.35) 18 (34.61)
SHTTLPRL/S
Genotypes
LL 37 (37.37) 20 (33.33) 0.36
LS 45 (45.45) 24 (40.00)
sS 17 (17.17) 16 (26.67)
Total 99 (100) 60 (100)
Homozygosis L/S
LL+SS 54 (54.54) 36 (60.00) 0.50
LS 45 (45.45) 24 (40.00)
Val66Met BDNF
Genotypes
cc 3(2.88) 1(1.64)
CcT 24 (23.07) 11 (18.03) 063
TT 77 (74.03) 49 (80.33)
Total 104 (100) 61 (100)
Homozygosis Valé6Met
CC+TT 80 (76.92) 50 (81.96) 0.44
CcT 24 (23.07) 11 (18.03)

of the ethnic origin of the sample and homogenous samples may
be of great help. However, in Brazil physical characteristics such as
skin pigmentation, hair color and texture, shape of the nose and lips,
are poor predictors of genomic ancestry,?® which makes it difficult
to achieve ethnic matching in case-control studies. Nevertheless,
the fact that the present sample is in Hardy-Weinberg equilibrium
indicates that the sample may not have important problems of
population stratification.?” Moreover, ethnic matching conducted
using genetic markers was performed in part of our sample in a
case-control study with cocaine dependence and the results showed
that despite the ethnic admixture in Brazil the ethnic stratification
was not a bias in that case.?® In spite of that, we are aware that
ethnic admixture may be a limitation for the present work.

The fact that a third recently discovered functional allele of the
S5HTTLPR polymorphism has not been analyzed in the present

Rev Bras Psiquiatr. 2008;30(4):341-5



344 Krelling R et al.

Table 2 - Distribution of the most frequent VNTR SLC6A3
polymorphisms in functional psychosis and control group

VNTR SLC6A3 Functional Controls n (%) P
Genotypes psychosis n (%)
10 10 44 (51.2) 31 (56.3) 0.097
109 35 (40.7) 16 (29.1)
99 6 (7.0) 3(5.5)
Other genotypes 1(0.1) 5(9.1)
TOTAL 86 (100) 55 (100)

study, as mentioned before, may be related to the lack of association
between such polymorphism and the investigated disorders. Another
possible methodological limitation of the present study may be the

sample size.
In a follow-up study it is possible to change the experimental
drawing and the investigation techniques. Our group will also

include the offspring of the patients from the main study to replicate
the present findings, introduce larger number of participants and
analyze the offspring (clinic and genetics) using the microarray
technique.

The technique known as microarray is particularly powerful in
providing a global view of gene expression patterns in biological
samples. By the simultaneous determination of the expression levels
of thousands of genes, microarrays allow researchers to compare
the molecular behavior of different types of cells that have been
exposed to pathological or experimental conditions.??

Acknowledgements

We thank Prof. Dr. Francisco Lotufo Neto (Instituto de Psiquiatria da
Universidade de Sao Paulo, School of Public Health) for his assistance and
support obtained for the main project by Fundacao de Apoio a Pesquisa do
Estado de Sao Paulo (FAPESP).

Disclosures
Writting group Employment Research Other research grant or Spekear’s Ownership Consultant/ Other
member grant’' medical continuous honoraria interest Advisory board
education®
Renata Krelling Clinica privada — — —_ — — —
Quirino Cordeiro Associacao —_ —- — — — —
Congregacao de
Santa Catarina
Elisabete Miracca PROGENE - - — e — —
Elisa Kijner Gutt Hospital das — - —_— - — —
Clinicas
Sandra Petresco Clinica privada — — —_ — — —
Ricardo Alberto Departamento e FAPESP - Servier - Servier —_—
Moreno Instituto de Servier
Psiquiatria do HC-
FMUSP
Homero Vallada Departamento e FAPESP - -— — — —
Instituto de CNPg
Psiquiatria do HC-
FMUSP
* Modest
** Significant

*** Significant. Amounts given to the author's institution or to a colleague for research in which the author has participation, not directly to the author.

Note: HC-FMUSP = Hospital das Clinicas da Faculdade de Medicina da Universidade de Sdo Paulo; PROGENE = Programa de Genética e
Farmacogenética do Instituto de Psiquiatria do HC-FMUSP; CNPq = Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico; FAPESP = Fundagdo

de Amparo a Pesquisa do Estado de S&o Paulo.
For more information, see Instructions for authors.

References

1. Porto JA. Bipolar disorder: evolution of the concept and current
controversies. Rev Bras Psiquiatr. 2004;26(Suppl 3):3-6.

2. Maier W, Hofgen B, Zobel A, Rietschel M. Genetic models of schizophrenia
and bipolar disorder overlapping inheritance or discrete genotypes? Eur
Arch Psychiatry Clin Neurosci. 2005;255(3):159-66.

3. Craddock N, O'Donovan M, Owen MJ. Genes for schizophrenia and
bipolar disorder? Implications for psychiatric nosology. Schizophr
Bull. 2006;32(1):9-16.

4.  Berrettini WH. Are schizophrenic and bipolar disorders related?
A review of family and molecular studies. Biol Psychiatry.
2000;48(6):531-8.

5. Potash JB. Carving chaos: genetics and the classification of mood and
psychotic syndromes. Harv Rev Psychiatry. 2006;14(2):47-63.

6. Gutt EK, Petresco S, Krelling R, Busatto GF, Bordin IA, Lotufo-Neto
F. Gender differences in aggressiveness in children and adolescents
at risk for schizophrenia. Rev Bras Psiquiatr. 2008;30(2):110-7.

7. Jonsson EG, Kaiser R, Brockméller J, Nimgaonkar VL, Crocq MA.
Meta-analysis of the dopamine D3 receptor gene (DRD3) Ser9Gly
variant and schizophrenia. Psychiatr Genet. 2004;14(1):9-12.

8. Elvidge G, Jones |, McCandless F, Asherson P, Owen MJ, Craddock
N. Allelic variation of a Ball polymorphism in the DRD3 gene does

Rev Bras Psiquiatr. 2008;30(4):341-5

not influence susceptibility to bipolar disorder: results of analysis and
meta-analysis. Am J Med Genet. 2001;105(4):307-11.

9. Cho HJ, Meira-Lima I, Cordeiro Q, Michelon L, Sham P, Vallada H,
Collier DA. Population-based and family-based studies on the serotonin
transporter gene polymorphisms and bipolar disorder: a systematic
review and meta-analysis. Mo/ Psychiatry. 2005;10(8):771-81.

10. Hu XZ, Lipsky RH, Zhu G, Akhtar LA, Taubman J, Greenberg BD,
Xu K, Amold PD, Richter MA, Kennedy JL, Murphy DL, Goldman
D. Serotonin transporter promoter gain-of-function genotypes
are linked to obsessive-compulsive disorder. Am J Hum Genet.
2006;78(5):815-26.

11. Stober G, Sprandel J, Jabs B, Pfuhimann B, Méller-Ehrlich K, Knapp
M. Family-based study of markers at the 5'-flanking region of the
human dopamine transporter gene reveals potential association
with schizophrenic psychoses. Eur Arch Psychiatry Clin Neurosci.
2006;256(7):422-7.

12. Zhang ML, Yuan GZ, Yao JJ, Qlan YC, Zhang X, Huang YP, Tang
RC, Ji Q, Jiang SD. Associations between six functional Genes
and schizophrenia. Zhonghua Yi Xue Yi Chuan Xue Za Zhi.
2003;20(1):69-71.

13. Semwal P, Prasad S, Bhatia T, Deshpande SN, Wood J, Nimgaonkar
VL, Thelma BK. Family-based association studies of monoaminergic



Polymorphisms in women with functional psychosis 345

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

gene polymorphisms among North Indians with schizophrenia. Mol
Psychiatry. 2001;6(2):220-4.

Fanous AH, Neale MC, Straub R, Webb BT, O'Neill AF, Walsh
D, Kendler KS. Clinical features of psychotic disorders and
polymorphisms in HT2A, DRD2, DRD4, SLC6A3 (DAT1), and BDNF:
a family based association study. Am J Med Genet B Neuropsychiatr
Genet. 2004;125B(1):69-78.

Laakso A, Bergman J, Haaparanta M, Vilkman H, Solin O, Syvélahti
E, Hietala J. Decreased striatal dopamine transporter binding in vivo
in chronic schizophrenia. Schizophr Res. 2001;52(1-2):115-20.
Gamma F, Faraone SV, Glatt SJ, Yeh YC, Tsuang MT. Meta-analysis
shows schizophrenia is not associated with the 40-base pair repeat
polymorphism of the dopamine transporter gene. Schizophr Res.
2005;73(1):55-8.

Kanazawa T, Glatt SJ, Kia-Keating B, Yoneda H, Tsuang MT. Meta-
analysis reveals no association of the Val66Met polymorphism of
brain-derived neurotrophic factor with either schizophrenia or bipolar
disorder. Psychiatr Genet. 2007;17(3):165-70.

Xu MQ, St Clair D, Ott J, Feng GY, He L. Brain-derived neurotrophic
factor gene C-270T and Val66Met functional polymorphisms and
risk of schizophrenia: a moderate-scale population-based study and
meta-analysis. Schizophr Res. 2007;91(1-3):6-13.

Spitzer R, Williams J, Gibbon M, First M. Instruction manual for the
structured clinical interview for DSM-IIIR (SCID, 5/1/89 Revision):
Biometric Research Department. New York, NY: New York State
Psychiatric Institute; 1989.

Miller SA, Dykes DD, Polesky HF. A single salting out procedure
for extracting DNA from human nucleated cells. Nucleic Acids Res.
1988;16(3):1215-8.

Vandenbergh DJ, Persico AM, Hawkins AL, Griffin CA, Li X,
Jabs EW, Uhl GR. Human dopamine transporter gene (DAT1)
maps to chromosome 5p15.3 and displays a VNTR. Genomics.
1992;14(4):1104-6.

Lannfelt L, Sokoloff P, Matres M-P, Pilon C, Giros B, Jonsson E,
Sedvall G, Schwartz J-C. Amino acid substitution in the dopamine
D3 receptor as a useful polymorphism for investigating psychiatric
disorders. Psychiatr Genet. 1992;2(2):249-56.

Heils A, Teufel A, Petri S, Stéber G, Riederer P, Bengel D, Lesch KP.
Allelic variation of human serotonin transporter gene expression. J
Neurochem. 1996;66(6):2621-4.

Rozen S, Skaletsky H. Primer3 on the WWW for General users and
for biologist programmers. In: Krawetz S, Misener S. Bioinformatics
methods and protocols in the series methods in molecular biology.
Totowa: Humana Press; 2000. p. 365-86.

Ott J. Methods of analysis and resources available for genetic trait
mapping. J Hered. 1999;90(1):68-70.

Parra FC, Amado RC, Lambertucci JR, Rocha J, Antunes CM, Pena
SD. Color and genomic ancestry in Brazilians. Proc Natl Acad Sci
USA. 2003;100(1):177-82.

Guindalini C, Howard M, Haddley K, Laranjeira R, Collier D,
Ammar N, Craig I, O'Gara C, Bubb VJ, Greenwood T, Kelsoe J,
Asherson P, Murray RM, Castelo A, Quinn JP, Vallada H, Breen G.
A dopamine transporter gene functional variant associated with
cocaine abuse in a Brazilian sample. Proc Nat/ Acad Sci USA.
2006;103(12):4552-7.

Weiss ST, Silverman EK, Palmer LJ. Case-control association studies
in pharmacogenetics. Pharmacogenomics J. 2001;1(3):157-8.
Guindalini C, Tufik S. Use of microarrays in the search of gene
expression patterns: application to the study of complex phenotypes.
Rev Bras Psiquiatr. 2007;29(4):370-4.

Rev Bras Psiquiatr. 2008;30(4):341-5



