Association analysis of COMT polymorphisms and
Schizophrenia in a Cuban family sample. Preliminary results
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ABSTRACT

Schizophrenia is a complex disease affecting as much as 1% of the global population, constituting the target of
considerable effort to identify disease susceptibility genes. Several lines of evidence point to the catechol-O-methyl-
transferase (COMT) gene as a schizophrenia susceptibility candidate, not only because it encodes a key dopamine
catabolic enzyme but also because it maps to the velocardiofacial syndrome region of chromosome 22q11, which
has long been associated with predisposition to the disease. Several case-control and family-based studies have been
conducted to examine the possible association of COMT with this disorder; however, these studies have produced
conflicting results. To further assess the genetic contribution of COMT variants to schizophrenia susceptibility, three
single-nucleotide polymorphisms (rs2075507, rs4680 and rs362204) were investigated in a sample of 74 family
trios from the Cuban population. Restriction fragment length polymorphism was used to identify the allelic variants,
employing statistical tools based on transmission disequilibrium tests to find possible associations. In this study, the
first of its type performed in the Cuban population, we found an association of rs2075507 and rs362204 at allelic
levels with a p < 0.05; also finding an association of haplotype 1-2-1 with the disease.
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RESUMEN

Andlisis de asociacion de polimorfismos del gen COMT y la esquizofrenia en una muestra familiar cuba-
na. Resultados preliminares. La esquizofrenia es una enfermedad comun y compleja que afecta cerca del 1% de
la poblacién mundial, por lo que grandes esfuerzos se llevan a cabo para identificar los genes de susceptibilidad
a padecer la misma. Varias lineas de evidencias implican al gen que codifica para la catecol-O-metiltransferasa
(COMT), como uno de los genes candidatos que confieren susceptibilidad, no solo porque codifica para una enzima
clave en el proceso de degradacién de la dopamina, sino también porque estd ubicado en la regién cromosémica
22q11 implicada en el sindrome de velocardio facial, el cual ha sido ampliamente asociado con la predisposicién a
padecer la enfermedad. Varios estudios de caso-control y basados en familias han sido realizados para determinar
la posible asociacion de este gen con la esquizofrenia, pero desafortunadamente los resultados de los mismos han
sido contradictorios. Para comprobar la relacién del gen COMT con la esquizofrenia, 3 polimorfismos de simples
nucleétidos presentes en el gen (rs2075507, rs4680, rs362204), fueron estudiados en una muestra de 74 trios
familiares de la poblacién cubana. Se empleo la técnica de polimorfismos por fragmentos de restricciéon para el
genotipaje y la estadistica basada en las pruebas de desequilibrio en la transmisién de alelos para la busqueda de
asociacién. En este estudio, el primero de su tipo reportado en la poblacién cubana, encontramos asociacion de
los marcadores rs2075507 y rs362204 a nivel alélico con un valor de p < 0.05 y de igual forma encontramos una

asociacién a nivel haplotipico del haplotipo 1-2-1 con la entidad patolégica.

Palabras clave: Genes candidatos, polimorfismos de simple nucleétidos,
estudios de asociacién basados en familias, trios familiares

Introduction

Schizophrenia is a severe mental illness with a global
incidence close to 1%. Convergent data have shown
that both genetic and environmental factors are in-
volved in the development of this disorder [1, 2].
Several key neurotransmitters, especially dopa-
mine and serotonin, have become the focal point of
schizophrenia research along the quest to understand
the causes of the disease. This situation arises, to a
large extent, from the fact that most drugs used for the
treatment of schizophrenia interfere with the function
of a neurotransmitter(s) or its receptor(s) [2]. Neuro-
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transmitters have been implicated in the etiology of
schizophrenia since the time the dopamine hypoth-
esis was conceived, postulating that the symptoms of
the disease were caused by excess dopaminergic neu-
rotransmission, particularly in mesolimbic and striatal
brain regions, that led to positive symptoms and do-
paminergic deficits in prefrontal brain regions that, in
turn, are responsible for the negative symptoms [3].
One of the most studied genetic loci in the con-
text of the dopaminergic hypothesis has been the gene
coding for catechol-O-methyltransferase (COMT),
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the enzyme catalyzing the first step in one of the
major degradative pathways of the catecholamine
neurotransmitters, dopamine, epinephrine, and nore-
pinephrine [4, 5]. Dopamine is degraded mainly by
monoamine oxidase in most brain regions, aided by
COMT and phenosulfotransferase activities. COMT,
however, becomes much more preponderant in the
prefrontal cortex, where it is responsible for more
than 60% of dopamine degradation [6-8]. There are
two major isoforms of the COMT protein; the soluble
cytoplasmic type (S-COMT), transcribed by promo-
ter pl and common in the peripheral nervous system,
and the membrane-binding type (MB-COMT), tran-
scribed by promoter p2 and predominant in the central
nervous system [9].

The COMT gene has constituted an intriguing tar-
get for neuropsychiatric genetic studies, not only for
its pharmacological properties but for its genomic lo-
cation on 22q11. The deletion of the region contain-
ing COMT (22ql1) is associated with velocardio-
facial syndrome, and since patients suffering from this
syndrome have an elevated rate of psychosis, this re-
gion has consequently also been tagged as a possible
“schizophrenia locus” by several linkage and associa-
tion studies [10, 11].

In our study, the first of its type conducted in our
country, we genotyped three restriction site polymor-
phisms (RSP) reported by DeMille [12] in the COMT
gene: the P2 promoter region HindIII RSP at —1217
(rs2075507), a useful marker located in the estrogen-
sensitive portion of COMT [13]; the exon 4 Nla IIT
RSP (rs4680), a functional variation that has been stu-
died in a large number of populations [14]; and the
single-base deletion/insertion immediately 3’ to the
stop codon in exon 6, which is also detected as the
Bgll RSP (rs362204) [15].

This genetic family study was conducted as pre-
viously reported for other populations [16, 17] and
forms part of ongoing research to examine the asso-
ciation of these polymorphisms to schizophrenia in
our population sample. In addition, it is intended to
establish a methodological foundation for examining
other candidate genes for this disorder in the Cuban
population. The analysis will be relevant to further
understanding of the genetic basis of this disease in
our sample, finding differences or commonalities with
populations in other parts of the world.

Materials and methods

Family selection

Parent-offspring trios consisting of well characterized
paranoid schizophrenic probands and their biological
parents were selected in Havana city. Patients and pa-
rents were contacted through the Mental Health Com-
munity Centers of each municipality, using a group of
psychiatrists to confirm, in every case, the diagnosis
of Paranoid Schizophrenia following the criteria of the
Diagnostic and Statistical Manual of Mental Disorders
(DSM 1V) [18] and the International Classification of
Illnesses (CIE-10) [19]. In addition, the Scale for the
Assessment of Positive (SAPS) and Negative (SANS)
Symptoms was used to characterize the predominant
clinical symptoms [20, 21]. All patients had a positive
family history defined as first- or second-degree rela-
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tive with schizophrenia or paranoid personality disor-
der (multiplex family).

All interviews and samples were collected with the
informed consent of the participants and approved by
the appropriate institutional review boards.

Collection and processing of blood samples

Blood samples were collected in two 8 mL vacutai-
ners per sample with sodium citrate as anticoagulant
(Beckton and Dickinson, Franklin Lakes, NJ, 07417-
1885). Genomic DNA was extracted from whole
blood as starting material using the Promega Wizard
DNA Purification Kit (Promega Corporation, Madi-
son, WI, USA).

DNA integrity was analyzed in 0.8% agarose gel
electrophoresis, visualizing the fluorescence of ethi-
dium bromide under 320 nm ultraviolet light. The con-
centration of the genomic DNA was determined in an
Ultrospec 2000 Pharmacia Biotec spectrophotometer.

Genotyping

Three polymorphisms of the COMT gene were geno-
typed using the primer pairs previously designed by
DeMille et al. 2002, taking into account the characte-
ristics described for this RSP at the Allele Frequency
Database (ALFRED) site [12, 22].

Polymerase chain reaction (PCR) amplifications
contained 1U GoTaq DNA Polymerase (Promega),
GoTaq Buffer, 1.5 mM MgCl,, 50 ng of each primer,
200 ng genomic DNA, 0.2 mM dNTPs, in 20 pL of
final volume, and were subjected to the following
cycling protocol: 95 °C for 10 min; then 94 °C for
30 s, 54 °C for rs2075507 or 60 °C for rs4680 and
1$362204 for 30 s, and 72 °C for 30 s, for 35 cycles;
followed by 72 °C for 10 min.

The examination of restriction fragment length
polymorphisms (RFLP) at each of three polymorphic
sites was performed according to the manufacturer’s
protocol for each enzyme, analyzing the resulting
fragments in agarose gels visualized with ethidium
bromide.

The size of the bands obtained by PCR and RFLP
was determined with Kodac 1D Image Analysis Soft-
ware Version 3.6, comparing the results with the ex-
pected values according to the available sequences of
the COMT gene in the databases of the National Cen-
ter for Biotechnology Information (NCBI, USA) [23].

The expected allelic variants were: 1 = A (absence
of restriction site) and 2 = G (presence of restriction
site) for rs2075507, 1 = G (absence of restriction site)
and 2 = A (presence of restriction site) for rs4680
and 1 = C insertion (absence of restriction site) and
2 = No C insertion (presence of restriction site) for
1s362204.

Statistical analysis

Hardy-Weinberg ratios were calculated for each of the
three polymorphic sites through chi-squared tests to
determine if they were in equilibrium.

Haplotype frequency estimates were calculated
using HAPLO [24], which implements the expecta-
tion maximization (EM) algorithm.

In our study, the first of its type conducted in our
country, we used a family trios-based association de-
sign [25, 26].
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The family trios association was analyzed with the
Family-Based Association Test (FBAT), introduced by
Rabinowitz and Laird [26], and Laird et al. [25]; based
on the transmission disequilibrium test (TDT) [25-27].
FBAT analysis was applied under two main hypothe-
ses (Ho: Non-association, non-linkage and Ho: Non-
association in the presence of linkage), at allelic,
genotype and haplotype levels, always assuming an
incidence of 1% for the disease in the population.

A precise correction method for multiple compari-
sons was applied using the formula alpha = 1-0.95 '™
where N is the number of comparisons, one or more of
which shows a significant result [28].

Results

We selected a total of 74 family trios (222 samples)
after interviewing approximately 700 families, for an
89.45% rejection rate. The DNA obtained from the
222 samples matched the expected quality according
to the kit manufacturer.

Genotyping

Table 1 contains the results obtained after genotyping
the three selected polymorphisms in the 74 family
trios. The genotype proportions did not deviated sig-
nificantly from those expected under conditions of
HW equilibrium p > 0.05 (p = 0.664 for 1s2075507;
p = 0.4715 for rs4680 and p = 0.0993 for rs362204),
and allele transmission from parents to descendents
followed Mendel’s laws in every tested family.

The frequencies of the eight possible haplotypes
that could be derived from the combination of all three
polymorphisms, determined using the EM method,
appear in table 2.

Family-Based Association Test

Under the two main null hypotheses (no association-
no linkage and no association in presence of linka-
ge), FBAT finds a positive allelic level association of
rs2075507 and rs362204 with the disease (p < 0.05;
tables 3 and 4). In consequence, the results were simi-
lar under the additive and dominant model analyses,
although statistical significance was lost for marker
rs362204 after applying the Bonferroni correction.

The no association-no linkage hypothesis was
used to analyze association at the genotype level, ob-
taining a possible association of different genotypes
with different effects on the disease. Genotype 2-2 for
markers rs2075507 and rs362204 has shown a positi-
ve association, which was different from the negati-
ve association displayed by genotype 1-2 of marker
rs4680 (Table 5). The only association still showing
statistical significance after the application of Bonfe-
rroni correction to this analysis was that of genotype
2-2 for rs2075507.

Haplotype analysis was conducted under the two
hypotheses mentioned above, and the positive asso-
ciations obtained for the 1-2-1 haplotype were equal
under the additive model for two hypotheses (Table 6).
After the corrections for multiplex test, these associa-
tions at the haplotype level were lost.

Discussion

Different genetic studies have been carried out with the
aim at finding genes associated to schizophrenia. The-
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Table 1. Genotyping results of the family trio study, using restriction fragment length
polymorphisms rs2075507, rs4680 and rs362204 digested with Hind lll, Nla Il and Bgl |

respectively

Polymorphism rs2075507 rs2075507 rs2075507
Genotypes® 1-1 1-2 2-2 1-1 1-2 222 1-1 1-2 22
Number of individuals 78 119 24 115 98 7 90 100 30

for each genotype

°Tmeans the restriction site was absent and 2 that it was present.

Table 2. Expected haplotype frequencies for the family study, calculated with the expected
maximization method, for haplotypes rs2075507, rs4680 and rs362204, in that order

Haplotypes
Study® 1-1-1 121 2-1-1 0 2-1-2 0 1-1-2 221 222 1-2-2
Frequency of 0262 0236 0.151 0.121 0.087 0086 0.033 0.023

Family Trios

?1means the restriction site was absent and 2 that it was present.

se are mostly linkage analyses, case-control associa-
tion studies and linkage disequilibrium studies [29].

Family trio sampling was applied in this case to
avoid the effect of co-founding events, the admixture
phenomenon and population stratification, according
to Rabinowitz and Laird [26] and Laird et al. [25].
The high percentage of rejected families in our case
is due to failure to comply with the inclusion criteria
described in Materials and methods.

Family-based association test at allelic level

Statistical variable Z provides a measure of the asso-
ciation status of the marker variant. If Z > 0 with a
significant p value, the possible association will then
be positive, implying that the presence of the marker
variant could confer susceptibility to the disease. If,
on the other hand, Z < 0, then the possible associa-
tion will be negative, meaning that the presence of the
marker could protect against the disease.

When performing an allelic-level analysis under
the hypothesis No association-No linkage, we found
a statistically significant linkage (p < 0.05) with the
disease for allele A in the rs2075507 polymorphism
and non-insertion of C in the rs362204 polymorphism
(Tables 3 and 4). Then, under the hypothesis No asso-
ciation in presence of linkage, we confirmed a signifi-
cant difference in the transmission of allele A for the
1r$2075507 polymorphism and not insertion of C allele
for the rs362204 polymorphism, with p < 0.05. This
represents an association with schizophrenia for these
two alleles in our sample. After the application of the
Bonferroni correction (p < 0.013), however, statistical
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Trastornos mentales y del comportamiento.
Clasificacién Internacional de Enfermeda-
des. 10ma ed. Madrid: Meditor; 1993.
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21. Jablensky A. The diagnostic concept
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2010;12(3):271-87.

22. Rajeevan H, Osier MV, Cheung KH,
Deng H, Druskin L, Heinzen R, et al.
ALFRED: the AlLelle FREquency Database.
Nucleic Acids Res. 2003;31:270-1.

23. Pruitt KD, Tatusova T, Maglott DR.
NCBI Reference Sequence (RefSeq): a
curated non-redundant sequence data-
base of genomes, transcripts and proteins.
Nucleic Acids Res. 2005;33(Database
issue):D501-4.
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25. Laird NM, Horvath S, Xu X. Implemen-
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tests of association. Genet Epidemiol.
2000;19 Suppl 1:536-42.

26. Rabinowitz D, Laird N. A unified
approach to adjusting association tests
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Table 3. Family-based association test applied at the allelic level under the two main
hypotheses recommended by the software (no association-no linkage or no association

in the presence of linkage) for the additive model

No association-

Hypotheses
No association in

Polymorphism Allelic variant® no linkage presence of linkage
z p value YA p value

2075507 : S0 ooor 29 ooz
54650 ) o ov 0w o
s362204 ; N0 onet A2 oa2s

°1 means the restriction site was absent and 2 that it was present.

*means p value < 0.05.

**means p value corrected after Bonferroni’s p < 0.013 (alpha = 1 - 0.95')
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significance was lost for rs362204. This may imply
that statistical significance may be regained with lar-
ger sample sizes or, alternatively, that there is simply
no association in this case.

The associations obtained for allele A in the case of
rs2075507 were maintained after the corrections for
multiplex tests. In this case, according to the Z value
(Z > 0), the presence of this allele increases suscep-
tibility to the disease, a finding that matches those of
Palmatier et al. [14] when analyzing these polymor-
phisms as part of a haplotypic study in 38 populations
distributed worldwide [14]. Our finding also concurs
with the results of Chen et al. during the study of Irish
families [30] and differs with family based association
tests results obtained by Fan et al. [16], and Kremer et
al. [31] when analyzed Chinese and Palestinian Arabs
populations, respectively.

The association effect of these polymorphisms may
have a direct cause in variations in gene transcription,
protein synthesis or biological activity mediated by
the polymorphism itself, or may actually be traced to
the effects of other markers in linkage disequilibrium
with the target polymorphism, as reported e.g. by Shi-
fman et al. [32] when studying a population of Ashke-
nazi Jews.

On the other hand, the location of the rs2075507
polymorphism is very close to the estrogen binding
site, and an identical change in that position has been
shown to alter the estrogenic regulation of gene trans-
cription at this locus [13].

FBAT at genotype level

At the genotype level only non-association, non-linka-
ge can be used as null hypothesis by the software. In
this case, we observed a linkage and possible asso-
ciation of homozygous genotypes for the presence of
the restriction site in polymorphisms rs2075507 and
rs362204 (p < 0.05), with Z < 0. This would indicate
that these genotypes, if indeed associated, would be
protective (Table 5).

The results for these two polymorphisms at the ge-
notype level were congruent with those at the allelic
level. The presence of genotype 2-2 for both polymor-
phisms had shown a possible negative association
with the disease. Additionally, the presence of allelic
variant 1 at the allelic level in our study showed a pos-
sible positive association with the illness.

We also found a positive linkage and a possible
association among a heterozygous genotype for the
rs4680 marker and the disease during the trio study
(p <0.05). The possible linkage or associations, howe-
ver, were lost for genotypes 2-2 and 1-2 of rs362204
and rs4680 respectively after the application of the
Bonferroni correction (p < 0.013).

In the future, it would be interesting to confirm the
association of the rs4680 polymorphism for our po-
pulation, since other published studies have already
shown an association of this polymorphism with the
disorder [33, 34].

FBAT at haplotype level

When we analyzed the possible association of the
haplotypes formed by the three markers, we found,
under the first null hypothesis, a positive (Z > 0)
linkage for haplotype 1-2-1 (Table 6). Although the
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Table 4. Family-based association test applied at the allelic level under the two main
hypotheses recommended by the software (no association-no linkage or no association

in presence of linkage), for the dominant model

No association-

Hypotheses
No association in

Polymorphism Allelic variant no linkage presence of linkage
Z pvalue Z pvalue
1 2.88 0.003 3.65 0.0002***
rs2075507 2 -1.37 0.168 -1.33 0.181
1 1.57 0.115 1.94 0.051
rs4680 2 1.32 0.184 1.38 0.166
1 2.01 0.043 2.47 0.013*
rs362204 2 -0.46 0.642 -0.42 0.670

°1 means the restriction site was absent and 2 that it was present.
*means P value < 0.05.

**means P value corrected after Bonferroni’s p < 0.013 (alpha = 1 - 0.95'N)

Table 5. Statistical p values obtained when a family-based association test was applied
at the genotype level under the hypotheses recommend by the software (no association-

no linkage)
Polymorphism Genotype® Z p value
1:1 1.374 0.169327
52075507 2:1 0.816 0.414216
2:2 -2.886 0.0039***
1:1 -1.324 0.1854
rs4680 2:1 2.064 0.039*
2:2 -1.576 0.1151
1:1 0.463 0.6434
rs362204 2:1 0.577 0.5637
2:2 2.021 0.0433*

°1 means the restriction site was absent and 2 that it was present.
*means P value < 0.05.

**means P value corrected after Bonferroni’s p < 0.013 (alpha = 1 - 0.95')

possible association of this haplotype was confirmed
under the second hypothesis, the associations were
lost in both cases after applying the corrections for
multiplex tests.

The results achieved before the corrections con-
firm those obtained at the allelic level and coincide
with those reported by Palmatier et al. [14], reinfor-
cing the theory of the effect of the three polymor-
phisms on the susceptibility to the disease, whether
by themselves of through some other polymorphism
with which they are in linkage disequilibrium [14,32].
Such a polymorphism might be, for instance, the 67
bp insertion-deletion polymorphism or the tetranu-

27. Spielman RS, McGinnis RE, Ewens WJ.
Transmission test for linkage disequili-
brium: the insulin gene region and insulin-
dependent diabetes mellitus (IDDM). Am J
Hum Genet. 1993;52(3):506-16.

28. Sham PC. Statistical methods in psy-
chiatric genetics. Stat Methods Med Res.
1998;7(3):279-300.

29. Duan J, Sanders AR, Gejman PV. Ge-
nome-wide approaches to schizophrenia.
Brain Res Bull. 2010;83(3-4):93-102.

Table 6. Family-based association test applied at the haplotype level under the two main
hypotheses recommend by the software (no association-no linkage or no association
in the presence of linkage), for the additive model in the haplotype order rs2075507,

rs4680, rs362204

Hypotheses

No association-no linkage

No association in
presence of linkage

Haplotype Z p value Z p value
1-1-1 1.56 0.11 1.50 0.132
1-2-1 2.30 0.02 2.32 0.019*
2-1-1 -1.62 0.10 -1.53 0.124
2-1-2 -0.82 0.41 -0.82 0.411
1-1-2 0.28 0.77 0.28 0.775
2-2-1 -0.69 0.48 -0.73 0.464
2-2-2 - - - -
1-2-2 - - - -

°1 means the restriction site was absent and 2 that it was present.
*means P value < 0.05.
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cleotide repeats (STR) located to the right of marker
rs2075507 within the COMT coding sequence. While
these markers do not constitute single base-pair chan-
ges (SNP) but longer sequence variations (Macro sa-
tellites), their study is becoming relevant due to the
statistical power conferred to haplotype analysis by
the combination of SNP with STR, according to the
2006 report by Komura et al. [35].

Despite the sample size of our study, we have been
able to replicate some of the findings made by other
association studies examining the association of the

COMT gene with schizophrenia in several popula-
tions worldwide. We found possible associations
for the 152075507 and rs362204 markers that would
confer susceptibility to the disease at the allelic level,
and also found a possible association of the haplotype
1$2075507-rs4680-1s362204 with the pathology.

Our results provide a preliminary characterization
of the association of these markers with schizophrenia
in a Cuban sample, in addition validate the employed
sampling and genotyping procedures with a focus on
their application for futures studies.
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