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Abstract

Bipolar disorder (BD) is a severe psychiatric disorder that affects 1% of the population. Recently,
there have been many attempts to identify specific genes that are involved in BD; however, the
task of finding susceptibility genes is not easy due to the complexity of the disorder. Since lithium
(Li) has been used for over 40 years now as an effective prophylactic agent and response to Li
treatment seems to be, at least in part, genetically determined, classification according to Li
response is a manner through which more homogeneous populations can be obtained for
investigation. It has previously been suggested that Li exerts an effect on signal transduction
pathways, such as the cyclic adenosine monophosphate (CAMP) pathway. We carried out an
association study of BD with CREB1, CREB2 and CREB3 genes, located at ch 2932.3-934,
22¢13.1 and 9pter-p22.1, respectively. A total of three promoter single nucleotide polymorphisms
(SNP), 14 SNPs in the UTR, 6 exonic and 15 intronic SNPs were investigated for their frequency
and haplotype distribution in a BD sample of 180 lithium responders and 69 nonresponders and
127 controls using a SNaPshot multiplex reaction from Applied Biosystems, a modified
fluorescent single base pair extension procedure. Following correction for multiple testing, our
results suggest that the CREB1-1H SNP (G/A change, p < 0.002) and the CREB1-7H SNP (T/C
change, p < 0.002) may be associated with BD and/or lithium response.

Introduction

Bipolar disorder (BD) affects approximately 1% of the general population and is
characterized by manic and depressive episodes (Akiskal et al., 2000);(APA, 1994). Family,
twin and adoption studies support the hypothesis that genetic factors play a role in the
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aetiology of BD (Craddock and Jones, 2001). An interesting family of genes to investigate is
that comprising genes coding for CREB (cyclic-AMP responsive element binding) proteins.

The cAMP signal transduction pathway is activated through ligand binding to G-protein
coupled receptors and culminates with the phosphorylation of the CREB protein allowing it
to bind the cAMP responsive element (CRE) recognition sequence of CAMP sensitive genes
and regulate transcription. There have been a number of studies looking at the effects of
lithium, an effective prophylactic treatment for BD, on CREB DNA binding, as well as its
effects on gene expression. They all concur in that lithium decreases CREB phosphorylation
leading to inefficient DNA binding resulting in altered expression of cAMP responsive genes
(Bezchlibnyk and Young, 2002). Thus it is possible that genetic variation in genes coding for
CREB proteins may help determine response to lithium prophylaxis. The aim of our study
was to investigate single nucleotide polymorphisms (SNPs) in three genes that are part of the
CREB family (CREB1, CREB2 and CREB3) in a sample prospectively characterized for
lithium response.

Materials and Methods

Subjects

The sample used for this study was composed of 258 patients with bipolar disorder. There
were one hundred fifty-two females (mean age: 48.1 + 13.7 years) and 106 males (mean age:
49.9 + 13.3 years); the average age of disease onset was 26.0 £ 9.7 years. The majority of
probands included in this study were selected based on prospectively characterized response
to lithium treatment. Of these, 180 were responders and 69 were non-responders to long
term lithium treatment. The remaining patients could not be classified as they either never
received lithium, or were treated with lithium only briefly. (As clear-cut response or non-
response to lithium treatment was an ascertainment criterion for a majority of subjects, the
proportions of responders and non-responders do not necessarily correspond to response
rates in bipolar disorder rin general).

All subjects included in this study were Caucasian of European (non-Mediterranean) origin
that were recruited in centers that are part of the International Group for the Study of
Lithium (IGSLi), a collaborative group of specialized clinics in Canada, Austria, Czech
Republic, Denmark, Germany, and Sweden.

All psychiatric assessments were carried out by experienced clinicians using the SADS-L
structured interviews, and the RDC and DSM-1V criteria. Diagnostic and treatment
information was reviewed blindly by a panel of experienced psychiatrists. To ensure
diagnostic uniformity across centres all subjects were evaluated by the same senior clinician
(PG). Excellent lithium response was established as described previously and summarized in
Table 1 (Grof et al., 1994). The number of pretreatment episodes (+ standard deviation) was
8.0 £ 5.8 and the patients remained episode-free on lithium monotherapy for 13.3 + 7.3
years on average. To be considered non-responders, patients had to experience at least two
recurrences during lithium treatment with confirmed therapeutic levels of lithium (Grof et al.
1994). Controls included in this study were 118 psychiatrically healthy individuals (mean
age 48.6 £ 10.7) assessed using the same criteria as the patients.

Am J Med Genet B Neuropsychiatr Genet. Author manuscript; available in PMC 2013 January 21.



1duosnuey Joyiny ¥HIO 1duosnuey Joyiny JHIO

1duosnue Joyiny gHID

Mamdani et al.

Page 3

DNA Analysis

Genomic DNA was extracted using a standardized method (Sambrook et al., 1989) from
venous blood samples. Three CREB genes were investigated; CREB1, CREB2 and CREBS3.
A total of 40 single nucleotide polymorphisms (SNP); three promoter SNPs, 14 SNPS in the
UTR, six exonic and 15 intronic SNPs, spaced out along each CREB gene were investigated
using the ABI SNaPshot multiplex reaction and the ABI 3100 automated genetic analyzer
from Applied Biosystems (Foster City, CA, USA). SNP selection was based on location with
the gene, availability of heterozygosity information and validation status on dbSNP.
Polymerase chain reaction (PCR) was carried out in a total volume of 10 ul which contained
30 ng genomic DNA, 0.2uM of each primer, 0.25mM of each dATP, dNTP, dTTP and dGTP
(Invitrogen Canada, Burlington, Ontario), 0.5 units of Tag DNA polymerase, 1.0 pl of 10x
buffer containing 25 mM MgClI, (Qiagen Inc. Canada, Mississauga, Ontario). The samples
were put through between 30 to 40 cycles of denaturation at 94°C, annealing at specific
primer temperatures, elongation at 72°C and a final extension at 72°C. PCR product
amplification was verified by running 5 pl of product on a 2% agarose gel. The remaining
product was then processed as per the ABI SNaPshot protocol, using primers designed for
fluorescent dideoxy nucleotide termination. SNP analysis was carried out on the ABI 3100
genetic analyzer. Genotypes were determined automatically using the Genemapper software.

Allele-Specific PCR

Allele-specific PCR was carried out for six of the aforementioned SNPs, which provided
unclear results with the SNaPshot reaction. PCR conditions were similar to those described
above, apart from the use of two antisense primers, each with one of the possible alleles at
the 3" end (Newton et al., 1989).

Statistical Analysis

Results

Hardy-Weinberg calculations were done using QuickChi. The SNPs found to be in Hardy-
Weinberg disequilibrium in both cases and controls were removed prior to further analyses.
Allelic and genotypic frequency distributions were compared between cases and controls,
responders versus controls, nonresponders versus controls and finally responders versus
nonresponders using a Xz test and the computer program SPSS (Version 11.5) for each
CREB gene. Haplotype analysis was carried out using the Haploview program (Barrett et al.,
2005) on those SNPs found to be polymorphic. Haplotype blocks were defined as those
assessed by the “Strong LD Spine” algorithm using a D’ cut-off of 0.65.

Information on the location of all SNPs investigated in each gene is detailed in Figure 1 and
Table 2. Five SNPs were significantly different either between cases and controls or when
each response group (LiR, LiNR) were compared to controls (CREB1-4, CREB1-1H,
CREB1-2H, CREB1-7H and CREB2-5). Following Bonferroni correction for multiple
testing (with 20 comparisons) most of these differences disappeared. However, some results
remained significant, specifically the association of the CREB1-1H GA genotype (p <
0.002) and the association of the CREB1-7H T allele and TT genotype (p < 0.002). Table 3
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outlines the genotypic and allelic distributions and the respective Xz values for the SNPs that
remained significant following correction.

When performing haplotype analysis in Haploview using the “strong LD Spine” algorithm,
with the D’ value set at greater than 0.65, we found three haplotype blocks. Block 1
consisted of markers CREB1-4 and CREB1-20; Block 2 included the CREB1-7H and
CREB1-1H SNPs and lastly Block 3 spanned 3 markers; CREB1-2H, CREB1-10 and
CREB1-19.

We did not find any association between sex or age of onset with genotypic or allelic
presentation (data not shown).

Discussion

It is hypothesized that lithium’s chronic effect may occur through the alteration of
transcription factors which are responsible for linking transient changes induced by ligand
binding to G-protein coupled receptors to long-term cellular changes. Due to their role in
gene expression, transcription factors are ideal candidates to be investigated in
pharmacogenetics studies. The majority of studies investigating any of the CREB genes have
focused on transcription factor activation or phosphorylation and specifically on genetic
variation. Zubenko’s studies (Zubenko et al., 2002; Zubenko et al., 2003) of women with
recurrent major depression (MD) were the first to investigate CREB1 genetic variation in the
etiology of MD; whilst our study provides an initial look into variation in the CREB family
of genes and their possible involvement in the etiology of BD and/or lithium response.
Interestingly, although these two disorders do overlap to some extent, namely with respect to
relatively early onset and highly recurrent course, there were no cases of BD among the
probands or their relatives in the sample studied by Zubenko et al. (2002).

Studies investigating antidepressant response have shown a decreased level of
phosphorylated cyclic AMP response element binding protein ()CREB). To activate the
transcriptional process (pathway) CREBL1 requires phosphorylation on serine 119 or 133,
depending on the transcript (Daniel et al., 1998), thereby facilitating the binding of the
CREB binding protein (CBP). Sulser et al. (2002) demonstrated that, antidepressants lead to
a reduced expression of CREB1, as well as reduced efficacy of CREBL1 to initiate
transcription; this likely occurs through a decrease in DNA binding capability. Considering
that lithium has been shown to produce a similar effect on CREB, decreased
phosphorylation resulting in blunting of the cAMP mediated signal transduction pathway
(Wang et al., 1999), CREB provides a likely first foray into elucidating the significance of
the cAMP signal transduction pathway in lithium response.

The aim of the present study was to identify, among members of the CREB family, genetic
variants associated with excellent response to lithium. The CREB family of proteins belong
to the leucine zipper family of DNA-binding proteins able to recognize the cAMP
responsive element (CRE). CREBL is located on ch 2932.3-q34 and exists in one of two
isoforms (CREB347/CREB327) differing by a 14bp deletion (Daniel et al., 1998). CREB2
or ATF4 is located on ch 22g13.1 and is a repressor of CRE-dependent transcription
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(Karpinski et al., 1992). Lastly, there is the CREB3 gene, also referred to as LUMAN,
located on ch 9pter-p22.1. Its function has not been completely elucidated, however, it
appears that CREB3 behaves as a transcriptional activator similar to CREBL. In total, 40
SNPs were investigated spread over 3 CREB genes with the majority being on CREBL1 and
CREBS3, for association to lithium response in bipolar disorder. Following Bonferroni
correction for multiple testing, positive association still remained for the GA genotype
(p<0.002) of the CREB1-1H SNP when LiR were compared to controls or LINR. The TT
genotype for CREB1-7H was significantly associated with cases and non-responders at a
significance level of p<0.002, as was the case with the T allele as well. These SNPs are of
interest due to their being HapMap SNPs as well as having been selected as tag SNPs for the
CEPH population.

In recent months there have been several articles published looking at the applicability of
HapMap tagSNPs to other populations, as well as to investigate common diseases. The
results for tagSNP portability are promising and attest to the usefulness of the HapMap in
association studies. In our investigation we looked at several HapMap validated SNPs, as
well as tag SNPs in CREB1. However, we did not encounter such promising results due to
markers having low heterozygosity and departures from HW disequilibrium. It is likely that
the population differences can attest to the low transferability of HapMap SNPs. Even
though our population is of European ancestry subjects may not have been assessed in
similar fashion as the CEPH population.

When conducting case-control studies one must be wary of the possibility of the occurrence
of false-positives resulting from the presence of different populations within the sample
being studied. While we have collected individuals at different centres, our sample is of
similar ethnic background, as all subjects were Caucasians of European decent.
Furthermore, as is commonly the case in genetic studies of complex traits, independent
replications are needed to validate our findings. In addition, more variants need to be
investigated, particularly for CREB2 and CREB3, to draw more definite conclusions. Also,
it would be interesting to genotype variants in genes at other levels of the cCAMP signal
transduction pathway. These can include protein kinase A (PKA), phosphatases and
complementary transcription factors (eg. CREM and CBP).
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Figure 1.
This figure depicts each of the genes investigated; CREB1, CREB2 and CREBS3, along with

the location of each single nucleotide polymorphism (SNP) investigated.
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Table 1

Criteria used to diagnose bipolar patients as excellent lithium responders

Each patient must meet criteria A, B and C

A. Diagnosis of primary episodic bipolar disorder based on the SADS-L (lifetime version) interview and Resear ch Diagnostic
Criteria (RDC).

B. High Recurrence Risk

either B1.: five or more episodes prior to lithium treatment

or B2: four episodes prior to lithium; of these two or more during the 2 years preceding lithium treatment

or B3: three episodes prior to lithium, plus one more within 12 months after lithium discontinuation

C. Unequivocal Lithium Response

C1: No recurrence requiring additional biological intervention (ECT, antidepressants, neuroleptics) during the entire observation
time on lithium monotherapy

and C2: minimum period of observation of 3 years

and C3: average plasma lithium concentration over 0.6 meq L1
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