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Some evidence suggests an association between genetic variants within the cyclic adenosine monophosphate
(cAMP) response element-binding protein (CREB), CREB binding protein (CREBBP) and cAMP response
element-modulator (CREM) and several psychiatric disorders. The present study investigated whether
some single nucleotide polymorphisms (SNPs) within these genes could be associated with major depressive
disorder (MDD) and bipolar disorder (BD) and whether they could predict clinical outcomes in Korean in-
patients treated with antidepressants and mood stabilizers, respectively. The sample comprised 145 patients
with MDD, 132 patients with BD and 170 psychiatrically healthy controls. Participants were genotyped for 14
SNPs within CREB1, CREBBP and CREM. Baseline and final clinical measures, including the Montgomery-
Åsberg Depression Rating Scale and Young Mania Rating Scale for patients with MDD and BD, respectively,
were recorded. All p-values were 2-tailed, and statistical significance was conservatively set at the 0.006
level in order to reduce the likelihood of false positive results. We failed to observe any association of the
14 SNPs genotypes or alleles with clinical improvement, response and remission rates as well as final out-
comes in any of such disorders. Our findings suggest that the 14 SNP under investigation in our study do
not influence diagnosis and treatment response in patients with MDD and BD. However, taking into account
the several limitations of our study, further research is needed to draw more definitive conclusions.

© 2012 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

CREB1 (cAMP response element-binding protein) is a transcription
factor activated by the phosphorylation of a key serine residue by a kinase
stimulated by cyclic adenosinemonophosphate (cAMP), calcium, growth
factors and stress signals. Such phosphorylation allows for the recruit-
ment of CREBBP (CREBbindingprotein), a large co-activator that activates
the transcription of genes containing the cAMP response element (CRE)
in their promoters (De Cesare et al., 2000; Mayr and Montminy, 2001;
Lonze and Ginty, 2002).

The gene coding for CREB1, located on chromosome 2q34, is of partic-
ular interest for psychiatric research because its product plays a key role
into neuronal (and other cellular) signal transduction, and it has been
implicated in synaptogenesis, neural connections, and long-term
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potentiation (LTP) (Silva et al., 1998). Indeed, several studies showed
that CREB1 is implicated in major depressive disorder (MDD) (Zubenko
et al., 2003), although negative results have been reported as well
(Burcescu et al., 2005; Hettema et al., 2009), and in bipolar disorder
(BD) (Mamdani et al., 2008). In addition, CREB1 might play an important
role in the neurobiology of suicide (Dwivedi et al., 2003; Young et al.,
2004), as shown by observations suggesting that its signaling cascade is
up-regulated in brains of depressed suicides and that this alteration is
not related to antidepressant treatments (Odagaki et al., 2001). Also,
CREB1 has been found to be associated with the mechanism of action of
antidepressant treatments (Dowlatshahi et al., 1998) and with antide-
pressant response in patients suffering from MDD (Koch et al., 2002;
Yamada et al., 2003; Wilkie et al., 2007). Furthermore, recent studies
have shown that some genetic polymorphismswithin CREB1 could be as-
sociatedwith treatment resistance (Serretti et al., 2011) andwith lithium
response in patients with BD (Mamdani et al., 2008).

CREBBP is encoded by a gene located on chromosome 16p13.3. This
protein has an intrinsic histone acetyltransferase activity and also acts as
a scaffold to stabilize additional protein interactions with the transcrip-
tion complex. Mutations in CREBBP cause Rubinstein-Taybi syndrome
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(RTS) (Murata et al., 2001; Bartsch et al., 2005; Sharma et al., 2010), and
chromosomal translocations involving this gene have been associated
with acutemyeloid leukemia (Shigeno et al., 2004). Genetic and pharma-
cological studies in a variety of organismshavedemonstrated that, among
other functions, CREB–CREBBP signaling regulates LTP, a cellular mecha-
nism that underlies memory formation (Silva et al., 1998; Kandel,
2001). In accordance with such observation, Beglopoulos and Shen
showed that reducedCREB–CREBBP activitymight contribute to the path-
ogenesis of sporadic Alzheimer's disease (AD), whereas elements which
enhance CRE-dependent gene expression might be beneficial for the
treatment of AD (Beglopoulos and Shen, 2006). More recently, polymor-
phisms within CREBBP were studied in well-characterised BD and early
onsetMDDpopulation and correlatedwith treatment outcomes showing,
however, no influence on antidepressant response (Wilkie et al., 2007).

CREBBP can also interact with CREM (cAMP response element-
modulator), a protein that is highly homologous to CREB (Laurance et
al., 1997). CREM, which is encoded by a gene located on chromosome
10p11, is a nuclear transcription factor that mediates cAMP action by
binding to CRE in the promoter regions of cAMP-dependent genes
(Foulkes et al., 1991). It plays a key physiological and developmental
role within the hypothalamic-pituitary-gonadal axis (Sassone-Corsi,
1998). Several studies provided evidence for a susceptibility locus for
panic disorder within CREM (Domschke et al., 2003; Hamilton et al.,
2004). Moreover, CREM knock-out mice exhibit significantly less anxi-
ety behavior than wild-type mice (Maldonado et al., 1999) and mice
that lack both CREB and the CREB familymember CREM in the postnatal
forebrain exhibit age-dependent neurodegeneration (Mantamadiotis et
al., 2002). Note also that the lack of CREB1/CREM in neural tissue leads to
increased synaptogenesis and spontaneous neural network activity spe-
cifically at early developmental stages where they are required for neu-
ral activity-dependent synaptogenesis, refinement, and plasticity
(Aguado et al., 2009). Overall, such findings suggest that several genetic
variants in CREB, CREBBP and CREM could play an important role in the
aetiology of several psychiatric disorders as well as in the response to
some of their treatments.

On the basis of such observations, the primary aim of the present
paper is to investigate whether specific single nucleotide polymor-
phisms (SNPs) within CREB1 (rs2709377 and rs6740584), CREBBP
(rs2239317, rs2239316, rs3025702, rs130021, rs130005, rs129974
and rs9392) and CREM (rs1148247, rs4934735, rs12775799,
rs6481941 and rs16935888) could be associated with MDD and BD
in an independent sample of Korean in-patients and whether the
same variants could predict clinical outcome in such groups of pa-
tients treated with antidepressants and mood stabilizers respectively.

2. Experimental procedure

2.1. Subjects

The sample under investigation in the present study comprised 145 in-patients
suffering from MDD and 132 in-patients with BD during an acute manic episode who
were consecutively recruited at the Department of Psychiatry of the Catholic Universi-
ty of Korea College of Medicine, Seoul, Korea. Patients were eligible for inclusion if they
had a documented clinical diagnosis of MDD or BD according to the DSM-IV criteria, as
assessed by the Mini-International Neuropsychiatric Interview (M.I.N.I.) (Sheehan et
al., 1998).

There was not any particular restriction with regard to treatments, concomitant comor-
bidities and first vs. following episodes of disease. However, patients were excluded if they
had current severe or unstable medical and neurological conditions, current treatment
with a long-acting antipsychotic, concomitant alcohol and substance abuse disorders and if
theywerenot of Koreanethnicity. The choice not to use excessively tight inclusion and exclu-
sion criteria wasmotivated by the decision to include a sample of subjects that could be rep-
resentative of usual psychiatric in-patients in Korea. A further sample of 170 Korean
psychiatrically healthy subjects, who underwent the same assessment as psychiatric patients
to exclude possible psychiatric disorders andwho derived from the same location as the psy-
chiatric patients included in the present study, was also included to compare genotype and
allelic frequencies among the three populations of subjects under investigation.

All patients admitted to the hospital were assessed for the severity of illness at
baseline and at discharge by means of psychometric questionnaires specific for each
disorder under investigation. More in detail, MDD severity was assessed by means of
the Hamilton Rating Scale for Depression (HAMD) (Hamilton, 1960) whereas mania
severity in patients with BD was assessed by means of the Young Mania Rating Scale
(YMRS) (Young et al., 1978). Scorers were trained with the specific instruments with
good inter-rater reliability (κ>0.8). Additionally, the following clinical and demo-
graphic variables were recorded: gender, age, clinical subtypes, age at onset, familiar
history of psychiatric disorders, lifetime suicide attempts, duration of admission,
drugs at discharge and use of concomitant anxiolytics. The study protocol was ap-
proved by the institutional review board (approval number HC10TISI0031). All pa-
tients (18–65 years old) provided written informed consent before participating into
the study.

2.2. Outcome measures

Themain outcomemeasures of the present studywere: 1) differences between geno-
type and allelic frequencies in patients with MDD, BD and healthy control subjects and 2)
influences of the SNPs under investigation on clinical improvement in the two groups of
psychiatric patients mentioned above separately analyzed. Further outcomes of interest
comprised the effects of included SNPs on clinical anddemographical variablesmentioned
above as well as on response and remission rates. Both continuous and categorical ana-
lyses were performed. In accordance with previous studies, response was a priori defined
as a ≥50% reduction of symptoms from baseline to discharge (Hirschfeld et al., 2004;
Riedel et al., 2010). Remission was defined as a HAMD score≤7 at discharge for patients
withMDD (Riedel et al., 2010) and as a YMRS score≤12 for patients with BD (Perlis et al.,
2006).

2.3. DNA analysis

Genomic DNAwas extracted from blood by standardmethods and quantified. The high-
throughput genotyping method using pyrosequencer (Biotage AB, Sweden) was used for
genotyping two SNPs (rs2709377 and rs6740584) within CREB1, seven SNPs (rs2239317,
rs2239316, rs3025702, rs130021, rs130005, rs129974, and rs9392) within CREBBP and five
SNPs (rs1148247, rs4934735, rs12775799, rs6481941 and rs16935888) within CREM
(Table 1). PCR primers (Bioneer, Daejeon, Korea) and sequencing primers (Bioneer, Daejeon,
Korea) used for the pyrosequencing assaywere designed by using the Pyrosequencing Assay
Design Software v1 (Biotage AB, Sweden) and one primer of each primer set was
biotinylated.

2.4. Statistical analysis

Statistical analyses were performed using the ‘Statistica’ package (StatSoft, 1995).
Differences in the allelic and genetic frequencies between healthy subjects and pa-
tients with MDD and BD as well as effects of such variants on response rates and fur-
ther categorical outcomes were calculated using χ2 statistics. The influence of the
SNPs under investigation and continuous outcomes was calculated using analysis of
variance (ANOVA). Clinical improvement on MADRS total scores was calculated
according to the following formula:

HAMDfinal−HAMDbaselineð Þ=HAMDbaselineð Þ � 100

The same formula was adapted to calculate the improvement measured by the
YMRS as well. In case of positive findings, clinical variables correlated with the out-
come measures under investigation were added as covariates, so as to investigate pos-
sible stratification effects. Haploview 3.2 was used to generate a linkage disequilibrium
(LD) map and to test for Hardy-Weinberg equilibrium (HWE) (Barrett et al., 2005).
Tests for associations using multi-marker haplotypes were performed using the statis-
tics environment “R” (http://www.R-project.org), package “haplo.score”, to compare
clinical and socio-demographic outcomes among different haplotypes. Permutations
(n=10.000) were performed to estimate the global significance of the results for all
haplotypes analyses and to validate the expectation-maximization values. All p-
values were 2-tailed, and statistical significance was conservatively set at the 0.006
level (corresponding to the Bonferroni correction for the 8 blocks of SNPs under inves-
tigation) in order to reduce the likelihood of false positive results.

2.5. Power analysis

With these parameters we had a sufficient power (0.80) to detect a small-medium
effect size (ω=0.185) that, as an example, corresponded to an odds ratio of 2.12 be-
tween the two groups of patients and the group of controls, and to detect medium-
large (d=0.3) effect sizes for patients with MDD and BD, respectively, carrying the
GG genotype of rs129974 as compared with those carrying the GT genotype (Cohen,
1988). Such effect sizes corresponded to the possibility of detecting final differences
on both the HAMD and the YMRS of 2 points.

3. Results

3.1. Socio-demographic features of MDD and BD patients and controls

Socio-demographic features such as gender, age and further clini-
cal and socio-demographical variables are reported in Table 2. For

http://www.R-project.org


Table 1
CREB1, CREBBP and CREM SNPs considered in this study.

SNP ID Position Distance Alleles Location

CREB1
rs2709377 208393907

(−26453) A/T Promoter
−35444

rs6740584 208429351
(8992) C/T Intron

CREBBP
rs2239317 3920740

(9178) C/G Intron
6745

rs2239316 3913995
(15923) A/G Intron

53355
rs3025702 3860640
(69278) A/G Coding exon

28169
rs130021 3832471

(97447) A/G Intron
4123

rs130005 3828348
(101570) A/G Intron

33056
rs129974 3795292

(134626) G/T Coding exon
20123

rs9392 3775169
(154749) G/A 3’ UTR

CREM
rs1148247 35496946

(70183) G/A Intron
216

rs4934735 35496730
(69967) A/G Intron

8466
rs12775799 35488264

(61501) C/T Intron
48123

rs6481941 35440141
(13378) G/A Intron

7736
rs16935888 35432405

(5642) T/C Intron

* Absolute chromosomal position. The relative position to the start codon is given in
parenthesis. All data from www.snpper.chip.org.
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control subjects only data about gender and age were collected. There
were significant differences among the three groups of subjects with
regard to age and gender (gender: χ2=6.25, p=0.04; age: F=5.25,
p=0.005). In particular, among patients with MDD, we observed a
significantly lower proportion of male patients as compared with pa-
tients with BD and healthy controls. In addition, patients with BD
were significantly younger than patients with MDD. Therefore, age
and gender were added as covariates in case-control analyses. There
were no associations between any of the SNPs under investigation
and baseline clinical variables.
Fig. 1. Linkage disequilibrium of CREBBP SNPs under investigation in the present study.
3.2. Hardy Weinberg equilibrium (HWE) and linkage disequilibrium for
CREB1, CREBBP and CREM SNPs

One out of 14 SNPs under investigation was not polymorphic in
the present study (rs2709377 in CREB1) and was therefore systemat-
ically excluded from the present study. The large majority of SNPs
under investigation were in HWE in the whole sample (rs2239317:
p=0.88, rs2239316: p=0.43, rs3025702: p=0.79, rs130021:
p=0.21, rs130005: p=0.98, rs129974: p=0.76, rs9392: p=0.87,
rs1148247: p=0.56, rs4934735: p=1.0, rs12775799: p=1.0,
rs6481941: p=1.0, rs16935888: p=1.0), with rs6740584 being the
only exception (p=4.3649E-28). Strong LD was observable between
rs129974, rs130005 and rs130021, between rs130021 and rs3025702,
between rs3025702 and rs2239316, and between rs2239316 and
rs2239317 within CREBBP and between all SNPs within CREM
(Figs. 1 and 2). Patients and healthy controls separately analyzed
yielded similar results (data not shown).

3.3. Differences between genotype and allelic frequencies in MDD and BD
patients and in healthy controls

There were no significant differences between allelic and geno-
type frequencies in MDD and BD patients and healthy controls
(Table 3; all p-values>0.006).

3.4. Influence of CREB1, CREBBP and CREM variants on clinical improve-
ment in MDD and in BD patients

We did not observe any significant association between the genet-
ic variants under investigation in the present study and HAMD and
YMRS scores in patients with MDD and BD respectively (Table 4; all
p-values>0.006). The haplotype analysis focusing on the sliding win-
dows haplotypes mentioned above did not find any significant associ-
ation either.

3.5. Influence of CREB1, CREBBP and CREM variants on response and re-
mission rates and further clinical and socio-demographic variables

We did not observe any significant association between alleles and
genotypes under investigation and clinical and socio-demographic
variables. Furthermore, none of the haplotypes under investigation
was associated with any of such measures.

4. Discussion

The present article explored whether specific SNPs within
CREB1, CREBBP and CREM could be associated with MDD and BD
and whether the same variants could predict clinical outcomes. In
addition we explored whether such variants could be associated
with several clinical and socio-demographic variables of our sam-
ple. We found no significant differences between allelic and geno-
type frequencies in MDD and BD patients and healthy controls. Our
inability to detect an association between common variants in the

http://www.snpper.chip.org


Fig. 2. Linkage disequilibrium of CREM SNPs under investigation in the present study.

Table 2
Clinical and demographic characteristics of the subjects.

Clinical and demographic
characteristics of the sample

MDD
(n=145)

BD
(n=132)

Healthy
controls
(n=170)

Gender
Males 75(52%) 87(66%) 105(62%)
Females 70(48%) 45(34%) 65(38%)

Age 41.37±14.07 36.35±11.60 38.83±12.80
HAMD

Baseline 28.21±6.52
Discharge 13.70±8.01

YMRS
Baseline 33.27±9.09
Discharge 19.80±5.25

Response
Yes 88(61%) 33(25%)
No 57(39%) 99(75%)

Remission
Yes 35(24%) 10(8%)
No 110(76%) 122(92%)

Clinical subtypes
MDD/BD without PF 105(72%) 73(55%)
MDD/BD with PF 11(8%) 57(43%)
Dysthymia 4(3%) -
MDD NOS 5(4%) -
Missing value 20(13%) 2(2%)
Age at onset 38.08±13.29 26.58±10.19

Familiar history of psychiatric
disorders
Yes 30(21%) 42(32%)
No 92(63%) 35(26%)
Missing values 23(16%) 55(42%)

Suicide attempts
Yes 36(25%) 22(17%)
No 92(63%) 89(67%)
Missing value 17(12%) 21(16%)

Duration of admission (days) 32.31±20.55 33.66±21.07
Drug

Paroxetine 40(27%) -
Venlafaxine 35(24%) -
Fluoxetine 23(16%) -
Mirtazapine 21(14%) -
Lithium - 41(31%)
Valproate . 56(42%)
Other 3(3%) 5(4%)
Missing value 23(16%) 30(23%)

Concomitant anxiolytics
Alprazolam 30(21%) 5(4%)
Lorazepam 73(50%) 82(62%)
Clonazepam 3(2%) 3(3%)
Buspiron 4(3%) 7(5%)
None 35(24%) 35(26%)

HAMD=Hamilton Rating Scale for Depression; YMRS=Young Mania Rating Scale;
MDD=Major depressive disorder; BD=Bipolar disorder; PF=psychotic features,
NOS, Not Otherwise Specified.
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CREB1 and MDD and BD is consistent with the null findings
reported in previously published association studies of CREB1 and
liability to mood disorders (Burcescu et al., 2005; Mamdani et al.,
2008; Hettema et al., 2009). However, such finding is in contrast
with previous studies in which CREB1 variants contributed to the
pathophysiology of MDD (Zubenko et al., 2003; Liu et al., 2010).
Possible explanations for the discrepancy of these findings could
be that in other studies an association was found for women but
not for men or to further differences across the studies in terms
of ethnicity, study design and SNPs under investigation. Moreover,
we did not observe any significant association between the genetic
variants under investigation and response or remission in patients
with MDD and BD, and the haplotype analyses did not find any sig-
nificant association as well. Unlike our results, the majority of
previous studies showed an association between these genes, in
particular CREB1, and action of antidepressant treatment
(Dowlatshahi et al., 1998), and with antidepressant response in
MDD patients (Koch et al., 2002; Yamada et al., 2003; Wilkie et
al., 2007). Moreover, our group (Serretti et al., 2011) and Mandami
and colleagues (Mamdani et al., 2008) showed an association be-
tween some polymorphisms within CREB1 and treatment resis-
tance as well as lithium response in BD patients. Note, however,
that negative findings have been observed as well, as shown by
the results of Wilkie and colleagues showing no influence of
some polymorphisms within CREBBP on antidepressant response
in MDD and BD patients (Wilkie et al., 2007).

Because of the dearth of studies specifically dealingwith the present
topic, particularly with regard to CREM, we could make a preliminary
suggestion that the genetic variants under investigation in the present
study could be associated neither with MDD and BD nor with response
to their treatments. However, several limitations should be taken into
account before definitive conclusions are drawn from the present study.

First of all, the limited sample size of our study could raise con-
cerns as to whether negative findings observed in this study could
simply reflect the lack of power to detect small differences such as
those that are likely to be associated with single SNPs. Second, the
use of several drugs with different mechanisms of action for each co-
hort of patients makes in impossible to draw definitive conclusions
with regard to the influence of the SNPs under investigation on spe-
cific drugs or classes of drugs. Also, the duration of hospitalization
in the present study could be considered as insufficient to ascertain
a lack of response and remission, though this time frame is consistent
with common clinical practice (Zimmerman et al., 2002). Further-
more, we obtained only limited information about some clinical and
socio-demographic variables which was particularly evident with re-
gard to familiar history of psychiatric disorders in patients with BD,
and it is therefore unclear whether additional information could
have altered our results.

In conclusion our findings suggest that the SNPs under investiga-
tion in our study do not influence diagnosis and response to treat-
ments in patients with MDD and BD who were naturalistically
treated with antidepressants and mood stabilizers, respectively.
However, taking into account the limitations of the present study, fur-
ther research is needed to confirm our findings in larger samples, in
out-patients and in patients treated with specific drugs or classes of
drugs.

image of Fig.�2


Table 3
Differences between genotype and allelic frequencies among subjects in the present study.

MDD BD Healthy subjects χ² p-value

Genotype frequencies
CREB1
rs6740584
CC:106(73%) CC:91(69%) CC:121(71%) 1.15 0.89
TC:21(15%) TC:22(17%) TC:23(14%)
TT:18(12%) TT:19(14%) TT:26(15%)
CREBBP
rs2239317
CC:66(46%) CC:59(45%) CC:85(50%) 2.95 0.81
CG:64(44%) CG:61(46%) CG:69(41%)
GG:15(10%) GG:12(9%) GG:15(9%)
rs2239316
AA:58(40%) AA:59(45%) AA:59(35%) 4.56 0.34
AG:66(46%) AG:61(46%) AG:89(52%)
GG:21(14%) GG:12(9%) GG:22(13%)
rs3025702
AA:133(92%) AA:126(95%) AA:159(93%) 3.33 0.50
AG:12(8%) AG:6(5%) AG:10(6%)
GG:0(0%) GG:0(0%) GG:1(1%)
rs130021
AA:39(27%) AA:48(36%) AA:57(34%) 4.55 0.34
AG:77(53%) AG:56(43%) AG:74(43%)
GG:29(20%) GG:28(21%) GG:39(23%)
rs130005
AA:67(46%) AA:58(44%) AA:87(51%) 1.95 0.75
AG:64(44%) AG:61(46%) AG:66(39%)
GG:14(10%) GG:13(10%) GG:17(10%)
rs129974
GG:102(70%) GG:93(70%) GG:115(68%) 2.03 0.73
TG:40(28%) TG:33(25%) TG:50(29%)
TT:3(2%) TT:6(5%) TT:5(3%)
rs9392
GG:46(32%) GG:35(26%) GG:59(35%) 3.02 0.55
AG:69(47%) AG:71(54%) AG:83(49%)
AA:30(21%) AA:26(20%) AA:28(16%)
CREM
rs1148247
AG:65(44%) AG:56(42%) AG:84(49%) 3.23 0.52
GG:67(46%) GG:58(44%) GG:71(42%)
AA:13(9%) AA:18(14%) AA:15(9%)
rs4934735
AA:70(48%) AA:73(55%) AA:102(60%) 7.57 0.11
AG:63(44%) AG:47(36%) AG:62(36%)
GG:12(8%) GG:12(9%) GG:6(4%)
rs12775799
CC:69(48%) CC:72(55%) CC:102(60%) 10.47 0.11
TC:64(44%) TC:48(36%) TC:62(36%)
TT:12(8%) TT:12(9%) TT:6(4%)
rs6481941
GG:68(47%) GG:70(53%) GG:98(58%) 7.95 0.24
AG:63(44%) AG:48(36%) AG:65(38%)
AA:13(9%) AA:13(11%) AA:7(4%)
rs16935888
TT:85(59%) TT:82(62%) TT:114(67%) 4.19 0.38
TC:51(35%) TC:44(33%) TC:52(31%)
CC:9(6%) CC:6(5%) CC:4(2%)

Allele frequencies
CREB1
rs6740584
C:233(80%) C:204(77%) C:265(78%) 0.88 0.64
T:57(20%) T:60(23%) T:75(22%)
CREBBP
rs2239317
C:196(68% C:179(68%) C:239(71%) 0.90 0.64
G:94(32%) G:85(32%) G:99(29%)
rs2239316
A:182(63%) A:179(68%) A:207(61%) 3.18 0.20
G:108(37%) G:85(32%) G:133(39%)
rs3025702
A:278(96%) A:258(98%) A:328(96%) 1.53 0.46
G:12(4%) G:6(2%) G:12(4%)
rs130021
A:155(53%) A:152(58%) A:188(55%) 0.95 0.62
G:135(47%) G:112(42%) G:152(45%)

(continued on next page)

Table 3 (continued)

MDD BD Healthy subjects χ² p-value

rs130005
A:198(68%) A:177(67%) A:240(71%) 0.92 0.63
G:92(32%) G:87(33%) G:100(29%)
rs129974
G:244(84%) G:219(83%) G:280(82%) 0.36 0.83
T:46(16%) T:45(17%) T:60(18%)
rs9392
G:161(56%) G:141(53%) G:201(59%) 2.06 0.36
T:129(44%) T:123(47%) T:139(41%)
CREM
rs1148247
G:199(69%) G:172(65%) G:226(66%) 0.77 0.68
A:91(31%) A:92(35%) A:114(33%)
rs4934735
A:203(70%) A:193(73%) A:266(78%) 5.70 0.06
G:87(30%) G:71(27%) G:74(22%)
rs12775799
C:202(70%) C:191(73%) C:266(22%) 6.15 0.05
T:88(30%) T:71(27%) T:74(78%)
rs6481941
G:199(69%) G:188(72%) G:261(77%) 4.84 0.09
A:89(31%) A:74(28%) A:79(23%)
rs16935888
T:221(76%) T:208(79%) T:280(82%) 3.66 0.16
C:69(24%) C:56(21%) C:60(18%)

MDD=Major depressive disorder; BD=Bipolar disorder.
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Table 4
Demographic and clinical variables stratified according to CREB1, CREBBP and CREM genotypes.

Genotypes Females
(%)*

Age
(years)

Age at onset
(years)

Positive familial
history of psychiatric
disorders (%)*

Suicide
attempts

Baseline
Hamilton
scores

Final
Hamilton
scores

Baseline
YMRS
scores

Final
YMRS
scores

Major depressive disorder
CREB1
rs6740584

CC 52(49%) 42.13±14.19 37.90±13.70 23(22%) 28(26%) 28.79±6.38 13.99±7.76 -
TC 11(52%) 42.14±11.47 38.38±9.71 2(9%) 5(24%) 24.90±6.33 11.95±7.92 - -
TT 7(39%) 35.73±17.88 38.87±15.64 5(28%) 3(17%) 26.93±6.67 13.33±9.68

CREBBP
rs2239317

CC 35(53%) 39.15±13.40 35.50±12.4012(18%) 15(23%) 26.98±6.61 12.59±6.64 - -
CG 30(47%) 43.37±14.17 40.38±12.47 15(23%) 17(27%) 29.16±6.26 14.13±8.82 -
GG 5(33%) 42.31±18.22 39±18.98 8(53%) 4(27%) 29.53±6.77 15.54±9.42

rs2239316 -
AA 28(48%) 41.87±15.27 39.16±14.22 13(22%) 16(28%) 28.33±6.31 13.93±8.56 -
AG 34(51%) 42.28±13.86 38.15±12.51 14(21%) 16(24%) 27.85±6.67 13.53±7.96 -
GG 8(38%) 36.44±12.16 34.12±12.96 3(14%) 4(19%) 27.06±7.00 12.62±6.21

rs3025702 -
AA 63(47%) 41.37±14.64 38.01±13.50 26(19%) 35(26%) 28.04±6.51 13.58±8.14 -
AG 7(58%) 41.70±9.87 39±11.12 4(33%) 1(8%) 26.90±6.90 13.70±6.20 -

rs130021 -
AA 23(59%) 37.17±11.32 35.83±11.03 9(23%) 7(18%) 22.23±6.77 13.46±6.46 -
AG 39(51%) 42.26±40 38.19±12.73 16(21%) 22(29%) 29.33±6.39 13.08±8.43 -
GG 8(28%) 44.96±17.86 41.04±17.39 5(17%) 7(24%) 27.85±6.46 15.29±8.71

rs130005 -
AA 34(51%) 40.05±13.21 37.15±12.58 11(16%) 14(21%) 27.47±6.88 12.73±6.54
AG 31(48%) 42.54±14.56 38.81±12.72 16(25%) 18(28%) 28.25±6.12 14.02±8.95 -
GG 5(36%) 42.31±18.22 39±18.98 3(21%) 4(29%) 28.77±6.95 15.54±9.42 -

rs129974 -
TT 1(33%) 33±14.14 24.50±6.36 1(33%) 2(67%) 26±2.83 13±5.66 -
TG 21(52%) 40.95±13.70 38.35±13.85 7(17%) 8(20%) 28.38±7.15 12.70±8.34 -
GG 48(47%) 41.76±14.63 38.27±13.12 22(22%) 26(25%) 27.83±6.34. 13.96±7.93

rs9392 -
AA 13(43%) 42.30±16.24 38.33±15.72 8(27%) 9(30%) 26.81±6.74 13.48±8.24 -
AG 35(51%) 44±13.03 39.98±12.27 11(16%) 15(22%) 28.47±6.26 13.73±8.60 -
GG 22(48%) 36.62±14.01 34.87±12.83 11(24%) 12(26%) 27.90±6.84 13.42±6.92

CREM
rs1148247 -

AA 5(38%) 44.44±16.11 40.89±13.86 2(15%) 3(23%) 27.33±6.42 14.78±9.86 -
AG 31(48%) 42.29±14.67 37.70±14.49 13(20%) 20(31%) 27.57±7.62 13.62±8.60 -
GG 34(51%) 40.05±13.76 38.05±12.09 15(22%) 13(19%) 28.43±5.30 13.37±7.15

rs4934735 -
AA 38(54%) 40.31±14.65 37.36±13.14 13(19%) 18(26%) 27.52±6.76 13.33±8.32 -
AG 26(41%) 43±13.97 39.19±13.73 13(21%) 14(22%) 27.90±6.74 13.78±7.77 -
GG 6(50%) 39.17±14.49 36.42±12.57 4(33%) 4(33%) 30.42±3.23 14±7.97

rs12775799 -
TT 6(50%) 39.17±14.49 36.42±12.57 4(33%) 4(33%) 30.42±3.23 14±7.97 -
TC 26(41%) 43.12±13.88 39.30±13.64 13(20%) 14(22%) 27.88±6.68 13.59±7.83 -
CC 38(55%) 40.15±14.72 37.22±13.20 13(19%) 18(26%) 27.53±6.82 13.50±8.28

rs6481941 -
AA 7(54%) 38.85±13.92 35.38±12.60 5(38%) 4(31%) 30.84±3.46 13.92±7.63
AG 25(40%) 43.19±13.93 39.59±13.58 12(19%) 14(22%) 27.81±6.66 13.69±7.81 -
GG 38(56%) 40.05±14.83 37.07±13.27 13(19%) 18(26%) 27.47±6.86 13.59±8.31

rs16935888 -
TT 48(56%) 39.60±14.31 36.76±13.08 15(18%) 23(27%) 27.12±6.76 12.70±7.81 -
TC 18(35%) 44.28±14.06 40±13.87 12(23%) 10(20%) 28.85±6.44 14.87±8.16 -
CC 4(44%) 41.78±14.64 39.44±12.15 3(33%) 3(33%) 30.44±3.43 14.55±8.57

Bipolar disorder
CREB1
rs6740584 - 20.16±4.85

CC 31(34%) 37.08±11.01 27.08±9.90 28(31%) 15(16%) 33.44±8.57 18.52±5.16
TC 8(36%) 35.90±14.00 25.33±10.82 9(41%) 4(18%) - - 32.38±9.38 19±6.14
TT 6(32%) 36.44±11.68 26.67±10.75 5(26%) 3(16%) 30.94±9.98

CREBBP
rs2239317

CC 18(30%) 37.81±13.14 26.94±9.60 18(30%) 9(15%) 19.66±5.62
CG 24(39%) 36.07±10.65 26.96±10.64 20(33%) 12(20%) - - - 19.84±4.58
GG 9(75%) 35.54±8.12 24.36±10.46 4(33%) 1(8%) 31.92±8.96 19.18±5.55

34.77±8.89
27.73±5.95

rs2239316
AA 39(66%) 34.11±10.21 25.96±10.59 20(34%) 9(15%) - - - 19.74±4.58
AG 23(38%) 38.00±11.79 27.21±9.69 17(28%) 10(16%) 33.41±8.74 19.62±5.08
GG 10(83%) 43.72±13.81 27.91±10.64 5(42%) 3(25%) 32.45±8.85 19.91±7.76

32.54±10.59
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Table 4 (continued)

Genotypes Females
(%)*

Age
(years)

Age at onset
(years)

Positive familial
history of psychiatric
disorders (%)*

Suicide
attempts

Baseline
Hamilton
scores

Final
Hamilton
scores

Baseline
YMRS
scores

Final
YMRS
scores

rs3025702 - - -
AA 42(33%) 36.47±11.39 26.75±10.33 39(31%) 20(16%) 19.83±5.04
AG 38(50%) 42.83±14.55 26±5.06 3(50%) 2(33%) 32.64±8.66 17.17±6.18

37.50±12.77
rs130021

AA 13(27%) 36.14±12.71 26.44±9.34 14(29%) 6(12%) - - - 19.23±6.12
AG 23(41%) 37.08±10.71 28.08±10.78 18(32%) 12(21%) 31.81±9.28 20.08±4.58
GG 9(32%) 37.26±11.67 24.59±10.00 10(36%) 4(14%) 34.71±8.91 19.74±4.35

31.15±7.88
rs130005

AA 16(28%) 37.58±13.15 26.33±9.38 18(31%) 8(14%) - - - 19.48±5.66
AG 25(41%) 36.60±10.59 27.67±10.80 20(33%) 13(21%) 31.94±8.9 19.80±4.92
GG 4(31%) 34.25±8.94 23.92±10.09 4(31%) 1(8%) 34.25±8.94 20.17±3.49

30.50±7.88
rs129974

TT 1(17%) 47.40±12.22 30.20±8.70 1(17%) - - - - 16.00±7.68
TG 9(27%) 36.60±11.17 26.03±9.76 7(21%) 5(15%) 26.60±12.60 19.77±6.26
GG 35(38% 36.23±11.52 26.76±10.38 34(37%) 17(18%) 32.63±8.41 19.90±4.45

33.34±8.81
rs9392

AA 4(15%) 38.21±9.87 23.25±9.26 6(23%) 2(8%) - - - 20.96±4.75
AG 29(41%) 36.15±10.77 27.71±10.03 6(23%) 13(18%) 33.04±7.83 18.89±5.89
GG 12(34%) 37.03±14.41 27.29±10.69 13(37%) 7(20%) 32.88±9.37 20.45±4.29

32.77±8.92
CREM

rs1148247
AA 5(28%) 37.35±12.79 43.93±30.41 6(33%) 3(17%) - - - 21.18±3.56
AG 18(32%) 36.07±10.20 24.79±9.21 15(27% 8(14%) 19.60±5.63
GG 22(38%) 37.33±12.66 27.49±10.01 21(36%) 11(19%) 32.29±10.74 19.31±4.97

32.43±7.81
33.55±9.43

rs4934735
AA 22(30%) 37.94±12.50 27.29±11.24 25(34%) 14(19%) - - - 19.62±5.29
AG 17(36%) 34.16±8.64 25.30±8.28 13(28%) 6(13%) 33.48±8.91 19.37±5.19
GG 6(50%) 40.20±14.80 28.90±9.37 4(33%) 2(17%) 31.81±9.35 21.70±3.06

33.40±6.91
rs12775799

TT 6(50%) 40.20±14.80 28.90±9.37 4(33%) 2(17%) - - - 21.70±3.06 q
TC 17(36%) 34.16±8.64 25.30±8.29 13(28%) 6(13%) 33.40±6.91 19.37±5.19
CC 22(31%) 38.00±12.58 27.46±11.24 25(35%) 14(19%) 31.81±9.35 19.64±5.32

33.61±8.92
rs6481941

AA 6(46%) 39.91±14.07 27.73±9.71 4(31%) 2(15%) - - - 21.27±3.23
AG 19(40%) 34.91±10.14 25.51±8.16 14(29% 7(15%) 32.18±7.70 19.51±5.20
GG 20(29%) 37.48±12.08 27.24±11.39 24(34%) 13(19%) 32.19±9.19 19.58±5.35

33.53±9.02
rs16935888

TT 24(29%) 37.72±12.25 27.28±11.02 30(37%) 17(21%) - - - 19.85±5.15
TC 17(39%) 34.54±9.22 25.44±8.47 10(23%) 4(9%) 33.38±8.72 19.15±5.27
CC 4(67%) 39.50±16.10 28.00±8.51 2(33%) 1(17%) 31.49±9.33 21.33±3.44

35.67±8.33

*The percentages are referred to the males/females ratio, to the positive/negative history of psychiatric disorders’ and to positive/negative history of suicide attempts’ ratios
respectively relative to each genotype. HAMD=Hamilton Rating Scale for Depression; YMRS=Young Mania Rating Scale; MDD=Major depressive disorder; BD=Bipolar
disorder; PF=psychotic features.

45C. Crisafulli et al. / Psychiatry Research 198 (2012) 39–46
Hamilton, M., 1960. A rating scale for depression. Journal of Neurology, Neurosurgery,
and Psychiatry 23, 56–62.

Hamilton, S.P., Slager, S.L., Mayo, D., Heiman, G.A., Klein, D.F., Hodge, S.E., Fyer, A.J.,
Weissman, M.M., Knowles, J.A., 2004. Investigation of polymorphisms in the
CREM gene in panic disorder. American Journal of Medical Genetics. Part B, Neuro-
psychiatric Genetics 126B, 111–115.

Hettema, J.M., An, S.S., van den Oord, E.J., Neale, M.C., Kendler, K.S., Chen, X., 2009. Asso-
ciation study of CREB1 with Major Depressive Disorder and related phenotypes.
American Journal of Medical Genetics. Part B, Neuropsychiatric Genetics 150B,
1128–1132.

Hirschfeld, R.M., Keck Jr., P.E., Kramer, M., Karcher, K., Canuso, C., Eerdekens, M.,
Grossman, F., 2004. Rapid antimanic effect of risperidone monotherapy: a 3-
week multicenter, double-blind, placebo-controlled trial. The American Journal of
Psychiatry 161, 1057–1065.

Kandel, E.R., 2001. The molecular biology of memory storage: a dialogue between
genes and synapses. Science 294, 1030–1038.

Koch, J.M., Kell, S., Hinze-Selch, D., Aldenhoff, J.B., 2002. Changes in CREB-
phosphorylation during recovery from major depression. Journal of Psychiatric Re-
search 36, 369–375.

Laurance, M.E., Kwok, R.P., Huang, M.S., Richards, J.P., Lundblad, J.R., Goodman, R.H.,
1997. Differential activation of viral and cellular promoters by human T-cell
lymphotropic virus-1 tax and cAMP-responsive element modulator isoforms. The
Journal of Biological Chemistry 272, 2646–2651.

Liu, X.H., Xu, Y.F., Cui, D.H., Jiang, S.D., Qian, Y.P., Yu, S.Y., Jiang, K.D., 2010. Association of
cyclic adenosine monophosphate response element-binding protein gene and
major depressive disorder. Zhonghua Yi Xue Yi Chuan Xue Za Zhi 27, 263–266.

Lonze, B.E., Ginty, D.D., 2002. Function and regulation of CREB family transcription fac-
tors in the nervous system. Neuron 35, 605–623.

Maldonado, R., Smadja, C., Mazzucchelli, C., Sassone-Corsi, P., 1999. Altered emotional
and locomotor responses in mice deficient in the transcription factor CREM. Pro-
ceedings of the National Academy of Sciences 96, 14094–14099.

Mamdani, F., Alda, M., Grof, P., Young, L.T., Rouleau, G., Turecki, G., 2008. Lithium re-
sponse and genetic variation in the CREB family of genes. American Journal of Med-
ical Genetics. Part B, Neuropsychiatric Genetics 147B, 500–504.

Mantamadiotis, T., Lemberger, T., Bleckmann, S.C., Kern, H., Kretz, O., Martin Villalba, A.,
Tronche, F., Kellendonk, C., Gau, D., Kapfhammer, J., Otto, C., Schmid, W., Schutz, G.,
2002. Disruption of CREB function in brain leads to neurodegeneration. Nature Genetics
31, 47–54.

Mayr, B., Montminy, M., 2001. Transcriptional regulation by the phosphorylation-
dependent factor CREB. Nature Reviews Molecular Cell Biology 2, 599–609.

Murata, T., Kurokawa, R., Krones, A., Tatsumi, K., Ishii, M., Taki, T., Masuno, M., Ohashi,
H., Yanagisawa, M., Rosenfeld, M.G., Glass, C.K., Hayashi, Y., 2001. Defect of histone



46 C. Crisafulli et al. / Psychiatry Research 198 (2012) 39–46
acetyltransferase activity of the nuclear transcriptional coactivator CBP in
Rubinstein-Taybi syndrome. Human Molecular Genetics 10, 1071–1076.

Odagaki, Y., Garcia-Sevilla, J.A., Huguelet, P., La Harpe, R., Koyama, T., Guimon, J., 2001.
Cyclic AMP-mediated signaling components are upregulated in the prefrontal cor-
tex of depressed suicide victims. Brain Research 898, 224–231.

Perlis, R.H., Baker, R.W., Zarate Jr., C.A., Brown, E.B., Schuh, L.M., Jamal, H.H., Tohen, M.,
2006. Olanzapine versus risperidone in the treatment of manic or mixed States in
bipolar I disorder: a randomized, double-blind trial. The Journal of Clinical Psychi-
atry 67, 1747–1753.

Riedel, M., Moller, H.J., Obermeier, M., Schennach-Wolff, R., Bauer, M., Adli, M.,
Kronmuller, K., Nickel, T., Brieger, P., Laux, G., Bender, W., Heuser, I., Zeiler, J.,
Gaebel, W., Seemuller, F., 2010. Response and remission criteria in major depres-
sion–a validation of current practice. Journal of Psychiatric Research 44, 1063–1068.

Sassone-Corsi, P., 1998. Coupling gene expression to cAMP signalling: role of CREB and
CREM. The International Journal of Biochemistry & Cell Biology 30, 27–38.

Serretti, A., Chiesa, A., Calati, R., Massat, I., Linotte, S., Kasper, S., Lecrubier, Y., Antonijevic,
I., Forray, C., Snyder, L., Bollen, J., Zohar, J., De Ronchi, D., Souery, D., Mendlewicz, J.,
2011. A preliminary investigation of the influence of CREB1 gene on treatment resis-
tance in major depression. Journal of Affective Disorders 128, 56–63.

Sharma, N., Mali, A.M., Bapat, S.A., 2010. Spectrum of CREBBP mutations in Indian pa-
tients with Rubinstein-Taybi syndrome. Journal of Biosciences 35, 187–202.

Sheehan, D.V., Lecrubier, Y., Sheehan, K.H., Amorim, P., Janavs, J., Weiller, E., Hergueta, T.,
Baker, R., Dunbar, G.C., 1998. The Mini-International Neuropsychiatric Interview
(M.I.N.I.): the development and validation of a structured diagnostic psychiatric inter-
view for DSM-IV and ICD-10. The Journal of Clinical Psychiatry 59 (Suppl. 20), 22–33
(quiz 34–57).
Shigeno, K., Yoshida, H., Pan, L., Luo, J.M., Fujisawa, S., Naito, K., Nakamura, S., Shinjo, K.,
Takeshita, A., Ohno, R., Ohnishi, K., 2004. Disease-related potential of mutations in
transcriptional cofactors CREB-binding protein and p300 in leukemias. Cancer Let-
ters 213, 11–20.

Silva, A.J., Kogan, J.H., Frankland, P.W., Kida, S., 1998. CREB andmemory. Annual Review
of Neuroscience 21, 127–148.

StatSoft, 1995. STATISTICA per Windows. StatSoft Italia srl.
Wilkie, M.J., Smith, D., Reid, I.C., Day, R.K., Matthews, K., Wolf, C.R., Blackwood, D., Smith,

G., 2007. A splice site polymorphism in the G-protein beta subunit influences antide-
pressant efficacy in depression. Pharmacogenetics and Genomics 17, 207–215.

Yamada, S., Yamamoto, M., Ozawa, H., Riederer, P., Saito, T., 2003. Reduced phosphor-
ylation of cyclic AMP-responsive element binding protein in the postmortem orbi-
tofrontal cortex of patients with major depressive disorder. Journal of Neural
Transmission 110, 671–680.

Young, R.C., Biggs, J.T., Ziegler, V.E., Meyer, D.A., 1978. A rating scale for mania: reliabil-
ity, validity and sensitivity. The British Journal of Psychiatry 133, 429–435.

Young, L.T., Bezchlibnyk, Y.B., Chen, B., Wang, J.F., MacQueen, G.M., 2004. Amygdala cy-
clic adenosine monophosphate response element binding protein phosphorylation
in patients with mood disorders: effects of diagnosis, suicide, and drug treatment.
Biological Psychiatry 55, 570–577.

Zimmerman, M., Mattia, J.I., Posternak, M.A., 2002. Are subjects in pharmacological
treatment trials of depression representative of patients in routine clinical prac-
tice? The American Journal of Psychiatry 159, 469–473.

Zubenko, G.S., Hughes III, H.B., Stiffler, J.S., Brechbiel, A., Zubenko, W.N., Maher, B.S.,
Marazita, M.L., 2003. Sequence variations in CREB1 cosegregate with depressive
disorders in women. Molecular Psychiatry 8, 611–618.


	Case–control association study of 14 variants of CREB1, CREBBP and CREM on diagnosis and treatment outcome in major depress...
	1. Introduction
	2. Experimental procedure
	2.1. Subjects
	2.2. Outcome measures
	2.3. DNA analysis
	2.4. Statistical analysis
	2.5. Power analysis

	3. Results
	3.1. Socio-demographic features of MDD and BD patients and controls
	3.2. Hardy Weinberg equilibrium (HWE) and linkage disequilibrium for CREB1, CREBBP and CREM SNPs
	3.3. Differences between genotype and allelic frequencies in MDD and BD patients and in healthy controls
	3.4. Influence of CREB1, CREBBP and CREM variants on clinical improvement in MDD and in BD patients
	3.5. Influence of CREB1, CREBBP and CREM variants on response and remission rates and further clinical and socio-demographi...

	4. Discussion
	Acknowledgment
	References


