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Summary  

In this study, we reported the genetic consequences of the expression of SNP 
rs6438552 glycogen synthase-3β (GSK-3β) genotypes in transfected cells and its 
relationship with depression disease. 

The three rs6438552 genotypes were isolated from lymphocytes DNA from 
peripheral blood. Then, three expression vectors were constructed with the 
pcDNA3.1 plasmid and the DNA from AA, AG and GG GSK-3β genotypes. These 
vectors were transfected into human cells (HeLa). Finally, we quantified the 
transcripts of GSK-3β expressed in each genotype, the levels of GSK-3β and β-

catenin protein as well as their phosphorylated states. 

The SNP rs6438552 is responsible for alternative splicing and transcription 
of GSK-3β gene. There are four possible transcripts (full, exonΔ9, exonΔ11 and 
exonΔ9+11). The higher expression levels for all rs6438552 genotypes was the 
exonΔ9, no differences in the expression level of the full and exonΔ9 were found 

between genotypes. However, GG genotype was associated to higher levels of 
expression of exonΔ9+11 and exonΔ11. 

According with higher levels of exonΔ9+11, GG genotype was associated to a 
higher expression and activity of GSK-3β. GG genotypes are involved in increase β-

catenin phosphorylation and decrease in free β-catenin levels.   

Indeed GG rs6438552 its associated to higher risk of MDD. This report proves 
a relationship between disease, protein SNP and SNP functionality.  The higher risk 
of MDD associated to GG genotype may be induced by a decrease in wnt signaling 
due to a decrease of β-catenin, which has been involved in the pathogenies of 
depressive illness 
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ACRONYMS 

BDNF: brain-derived neurotrophic factor 
BrdU: 5-bromo-2-deoxyuridine 
CK1: casein kinase 1 
CMS: chronic mild stress 
CREB: element-binding protein 
CRF: corticotrophin releasing factor 
CUS: chronic unpredictable stress 
Dvl: protein Dishevelled 
Fz: Frizzled receptors 
GM: gray matter 
GSK-3β: glycogen synthase kinase 3-β 
HDAC: histone deacetylases 
Hp: hippocampus 
HPA: hypothalamic-pituitary-adrenal 
ICW: in cell western 
MAF: minor allele frequencies 
LRP5/6: low density lipoprotein receptor-related protein co-receptor 
MDD: major depressive disorder 
NPCs: neuronal precursor cells 
PCR: polymerase chain reaction 
PFCx: prefrontal cortex 
PLD1: phospholipase D1 
RIN: RNA integrity number 
SNP: single nucleotide polymorphism 
VEGF: vascular endothelial growth factor  

 

http://www.google.es/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&sqi=2&ved=0CDkQFjABahUKEwjc4a3QlpTGAhVJaxQKHRpLAJs&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FVascular_endothelial_growth_factor&ei=bxGAVZzuHcnWUZqWgdgJ&usg=AFQjCNHspUcjXsa2f1Cg_7MOoBlazaNOHA&bvm=bv.96041959,d.ZGU
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INTRODUCTION 

Major depression disorder (MDD) 

Major depression disorders (MDD) constitutes the first leading cause of years 
lived with disability (Hirschfel 2012) and its incidence is on the rise globally. Until 
recently, little was known about its pathogenesis, as these conditions are not 
associated with relevant brain alterations and there is not clear animal models for 
spontaneous recurrent mood episodes. 

Research in the neurobiology of major depressive disorder has been focused 
on monoamines. However, several lines of evidence (Ruhe, Mason et al. 2007), 
have led to the conclusion that the abnormalities associated to depression go 
beyond monoaminergic neurotransmission; thus, the development of better 
antidepressants will surely depend on the discovery and understanding of new 

cellular targets. In this regard, in the late 90’s a new hypothesis has tried to explain 
major depression based on molecular mechanisms of neuroplasticity (Duman, 
Heninger et al. 1997). 

Genetic factor in MDD 

Although the causes of MDD are not yet completely known, genetic factors 
appear to play an important role although other factors deal with acute or chronic 
stress, childhood trauma, viral infections, and others (Nestler, Barrot et al. 2002); 
(Berton and Nestler 2006). Regarding genetic causes, certain polymorphisms in 
genes related to the serotonergic system as the serotonin transporter, the brain-
derived neurotrophic factor (BDNF), the monoamine oxidase A, the tryptophan 
hydroxylase 1, or SNP in the Wnt signaling pathway as glycogen synthase kinase-
3β (GSK-3β) may increase the risk for depression or the vulnerability to stress 
(Caspi, Sugden et al. 2003). Not all the studies published to date have found gene-
environment interactions; however, the combination of both factors seems to 
predict more accurately a person’s risk to suffer from major depressive disorder 

than genes or environment alone. 

Role cell proliferation and plasticity in MDD and antidepressant effect 

Neurogenesis, the process involving proliferation and differentiation of 
neuronal precursor cells (NPCs), provides new neurons that may be integrated 
into the developing and adult brain, supplementing functional networks or 
replacing dysfunctional neurons (Lie, Song et al. 2004). Deficiencies in NPCs have 
been implicated in the etiology of mood disorders as major depression (Duman, 
Malberg et al. 2000); (Jacobs, van Praag et al. 2000); (Kempermann 2002) 

(Schloesser, Chen et al. 2007) and schizophrenia (Reif, Fritzen et al. 2006). Even 
though there is strong evidence that a variety of therapeutic interventions for 
these illnesses enhance neurogenesis, little is known about which factors may be 
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involved in the proliferation impairment associated to these psychiatric diseases, 
and studies have been mainly focused on neurotrophins and proteins of Wnt 
signaling pathway as glycogen synthase kinase-3β (GSK-3β) and β-catenin. 

Cell proliferation in the dentate gyrus is decreased in stress related animal 
models of depression (Duman, Malberg et al. 2000; Czéh, Michaelis et al. 2001; 
Malberg and Duman 2003; Heine, Maslam et al. 2004; Warner-Schmidt and Duman 
2006; Heine, Maslam et al. 2004). The stress associated reduction in cell 
proliferation in humans has also been correlated with a decrease in hippocampal 
volume (Sheline 2000; Sheline 2003; Sheline 1996; Bremner, Narayan et al. 2000; 
Sheline 2003; Stockmeier, Mahajan et al. 2004). The reduced hippocampal cell 

proliferation is reversed by chronic antidepressant treatments (Beauquis, Roig et 
al. 2006). Even though all these changes have been extensively studied, major 
depression is not generally considered as a “hippocampal disorder”. It is unlikely 
that disturbed adult hippocampal neurogenesis alone may fully explain the 
pathogenesis of major depression. It could only be the most conspicuous feature of 
a more fundamental type of cellular plasticity, which could also govern the 
functionality of prefrontal cortex and other brain regions. Indeed, it has been 
proposed that not only the neuronal proliferation, but also the appearance of 
changes in synaptic plasticity are involved in the pathogenesis of depressive 
disorder (Duman, Heninger et al. 1997) cellular processes that may also be 
modulated by antidepressant treatments (Thome Sakai et al., 2000; Chen, 

Shirayama et al. 2001). 

The modulation of different neurotransmitter systems has been implicated in 
the mechanism of the antidepressant effects and, for some of them; a link with 
proliferative or plastic changes has been reported. The traditionally involved 
neurotransmitter systems include the serotonergic, adrenergic, and dopaminergic 
ones, while others, such as the glutamatergic and cannabinoid systems and the 
corticotrophin releasing factor (CRF) system implicated in the secretion of ACTH 
or the neurotrophic factors (BDNF: brain-derived neurotrophic factor, VEGF: 
vascular endothelial growth factor) are acquiring increasing importance in the last 
years. 

Indeed of neurotransmitter systems and neurotrophic factors, there are 
proteins from intracellular signaling pathways associated to proliferative or plastic 
changes involved in MDD and in the antidepressant drug effect. One of the more 
clearly involved are Wnt/β-catenin and mTOR pathways.  

Wnt/β-catenin pathway and neurogenesis 

The canonical Wnt signaling pathway dependent of β-catenin, begins with the 
Wnt proteins to the Frizzled receptors (Fz) and the low density lipoprotein 
receptor related protein co-receptor (LRP5/6). Then, these associated with 

cytoplasmic protein Dishevelled (Dvl) construct Wnt signalosoma. Dvl binds to the 
destruction complex axin/APC/CK1/GSK-3β that finally inhibits the GSK-3β 

http://www.google.es/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&sqi=2&ved=0CDkQFjABahUKEwjc4a3QlpTGAhVJaxQKHRpLAJs&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FVascular_endothelial_growth_factor&ei=bxGAVZzuHcnWUZqWgdgJ&usg=AFQjCNHspUcjXsa2f1Cg_7MOoBlazaNOHA&bvm=bv.96041959,d.ZGU
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activity. The inhibition of GSK-3β blocks the degradation of β-catenin by 
proteasome, so enabling β-catenin accumulation in the cytoplasm and its 
subsequent translocation to the nucleus, where induces the transcription of certain 
genes (figure 1).  

 

 

Figure 1. Overview of Wnt/β-Catenin Signaling 
(A) In the absence of Wnt, cytoplasmic β-catenin forms a complex with axin, APC, GSK-3β, and 
CK1, and is phosphorylated by CK1 and subsequently by GSK-3β. Phosphorylated β-catenin is 
recognized by the E3 ubiquitin ligase β-Trcp, which targets β-catenin for proteasome degradation. 
Wnt target genes are repressed by TCF-TLE/Groucho and histone deacetylases (HDAC).  
(B) In the presence of Wnt ligand, a receptor complex forms between Fz and LRP5/6. Dvl 
recruitment by Fz leads to LRP5/6 phosphorylation and axin recruitment. This disrupts axin-
mediated phosphorylation/degradation of β-catenin, allowing β-catenin to accumulate in the 
nucleus where it serves as a coactivator for TCF to activate Wnt-responsive genes (MacDonald, 
Tamai et al. 2009). 

 

Several components of Wnt pathway, including GSK-3β and β-catenin have 
been identified as biomarkers of neuropsychiatric diseases including depression 

and anti-depressant effects. Postmortem human brain samples from depressed 
suicide victims present a dysregulation of Wnt signaling pathway with a decrease 
in 𝛽-catenin expression in prefrontal cortex (Benedetti 2014, our unpublished 
results). The suicidal condition does not modify β-catenin expression in major 
depression (Karege, Perroud et al. 2007). Increased GSK-3β mRNA levels are found 
in the hippocampus of major depression patients (Oh, Park et al. 2010), altered 
GSK-3β activity is found in ventral prefrontal cortex of depressed suicide victims 
and in patients with recurrent MDD (Karege, Perroud et al. 2007). 

A summary of modifications in Wnt-signalling pathway components in 
depressed humans and animal models of depression are show in table 1 (Pilar-

Cuéllar Vidal et al., 2014). 
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Table 1. Involvement of Wnt/β-catenin signaling pathways in depression like behavior and MDD. 
CUS: chronic unpredictable stress; CMS: chronic mild stress; Hp: hippocampus; PFCx: prefrontal 
cortex; BrdU: 5-bromo-2`-deoxyuridine; STRUCT.: brain structure; PROLIF.: proliferation; PLD1: 
phospholipase D1(Pilar-Cuéllar Vidal et al., 2014). 
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Stress model Duration Structure Prolif Wnt/β-

catenin 

Trophic 

factors 

CUS Chronic Hp ↓BrdU ↓p-GSK-3β / 

↓β-catenin 

 

CUS Chronic Hp ↓BrdU   

Dexametasone 

100µM 

20 min Hp progenitor 

cells 

↓BrdU ↓β-catenin/ 

↓p-GSK-3β 

Ser 9/ ↑p-

GSK-3β Ser 

216 

 

CMS Chronic Hp ↓BrdU ↓dendritic 

length 

↓BDNF 

Chronic stress Chronic Hp ↓BrdU ↑Dkk1/ 

↓dendritic 

length/ 

↓DCX 

 

Corticosterone 24 h Hp 

(organotypic 

cultura) 

 ↑Dkk1  

Genetic model Phernotype Structure Prolif. Wnt/β-

catenin 

 

β-catenin KO Depression

-like 

Forebrain  ↓β-catenin  

β-catenin KO Depression

-like 

Hp newborn 

cells 

 ↓β-catenin/ 

↓dendritic 

length 

 

H
U

M
A

N
 Disease  Structure Prolif. Wnt/β-

catenin 

 

MDD and MDD 

+ suicide 

 PFCx  ↓p-GSK-3β/ 

↓β-catenin 

 

 

GSK-3β 

 GSK-3β (Glycogen synthase kinase-3β) is a serine/threonine kinase. It is 
implicated in regulation of numerous physiological responses by phosphorylating 
a variety of nuclear and cytoplasmic proteins including β-catenin, TAU, c-jun, c-
myc, APC and AXIN1, amount others (http://www.genecards.org/). GSK-3β has a 

role in cell proliferation and plasticity related with mood disorders and 
antidepressant effects (Inkster, Nichols et al. 2009). These kinases are 
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constitutively active and can be inactivated by phosphorylation on serine residues 
(by kinases as Akt, S6K, RSK, PKA or PKC), dephosphorylation (by phosphatases as 
PP1 and PP2A), or by binding to protein complexes (with β-catenin, axin, CK1 and 
the APC complex). 

Several lines of evidence suggest that GSK-3β may be implicated in the 
pathogenesis of major depressive disorders (Li, Nahas et al. 2004; Li, Sundquist et 
al. 2008; Roh, Eom et al. 2005; Klein and Melton 1996; Stambolic, Ruel et al. 1996). 
Genetic manipulation of GSK-3β activity in mice produces behaviors that correlate 
with mood disorders (Kaidanovich-Beilin, Lipina et al. 2009, Kimura, Kamada et al. 
2008; Beaulieu, Zhang et al. 2008). Post-mortem studies demonstrated an increase 

in GSK-3β activity but not GSK-3β protein levels in the prefrontal cortex of MDD 
(Karege, Perroud et al. 2007), in the hippocampus of major depression patients an 
increased GSK-3β mRNA levels has been described (Oh, Park et al. 2010). Finally, a 
decrease level of phosphorylated GSK-3β protein is associated with animal models 
of depression. Inhibition of GSK-3β activity may play a role in the therapeutic 
effects of antidepressants a mood stabilizer (Kaidanovich-Beilin, Milman et al. 
2004; Gould, Einat et al. 2004). GSK-3β is a common target of mood-stabilizing, 
antidepressant and antipsychotic drugs (Beaulieu 2007);  GSK-3β inhibitors has 
antidepressant effect (Li, Liu et al. 2014). 

 
 
Figure 2. Human GSK-3β gene. A. GSK-3β is comprised of 12 exons. The ATG start codon is located 
within exon 1 and the TAG stop codon is found in exon 12. The sizes of exons for human gene 1-12 
are 1071 bp, 191 bp, 85 bp, 110 bp, 130 bp, 106 bp, 97 bp, 95 bp, 38 bp, 186 bp, 98 bp and 604 bp, 
respectively and relative positions of the single nucleotide polymorphisms (Schaffer et al 2003). B. 
The full-length GSK-3β transcript (full) and transcripts lacking the exon 9 (exonΔ9, 628 pb), exon 
11 (exonΔ11, 568 pb), or both (exonΔ9+11,528 pb 



 

Página -10- 

 

The human GSK-3β gen is located on chromosome 3q13.33, is about 268 kb 
in length and includes 12 exons (figure 2). GSK-3β has two alternatively spliced 
exons (9 and 11) that predicted to generate four different splice transcripts 
(Schaffer et al 2003). The full-length GSK3B transcript (full) and transcripts lacking 
the exon 9 (exonΔ9, 628 pb), exon 11 (exonΔ11, 568 pb), or both (exonΔ9+11,528 
pb (figure 2).The absence of exon 9 in this enzyme has been shown to increase the 
phosphorylation of proteins. A splice variant of GSK-3β containing a 13-residues 
insert in the catalytic domain is specifically expressed in the brain (Mukai Ishiguro 
et al. 2002), although its function is only just beginning to be investigated (Soutar 

2010).  

Differential substrate phosphorylation is achieved through alterations in 
expression and splicing of the GSK-3β gene. Each GSK-3β splice variant is 
phosphorylated to a similar extent at the regulatory sites, Ser9 and Tyr216, and 
exhibit identical sensitivities to inhibitors (Soutar 2010).  

GSK-3β polymorphism has been shown to contribute to the risk of 
developing MDD. Polymorphisms in the GSK-3β promoter region have been 
reported to be significantly associated with age of onset of bipolar disorders 
(Benedetti, Serretti et al. 2004), therapeutic response to lithium (Benedetti, 
Serretti et al. 2005), and integrity of myelinated axons (Benedetti, Bollettini et al. 

2013; Benedetti 2014; Zhang Zhao et al 2011). GSK-3β promoter SNP, rs334558, 
influences transcriptional strength, enzyme activity, detrimental clinical features of 
mood disorders, improve antidepressant responses and lower illness recurrences, 
or higher brain volumes in temporal gyrus in patients with chronic schizophrenia 
(Inkster, Nichols et al. 2009; Shen, Yang et al. 2015). 

Another functional intronic SNP, rs6438552 (figure 3), regulates the 
selection of splice acceptor sites, in which the T allele correlates with altered 
splicing to increased levels of GSK3β lacking exon 9+11 transcripts. This transcript 
is shown to increase its phosphorylation activity of GSK-3β on Tau protein in 
Parkinson’s disease (Kwok, Hallupp et al. 2005). SNP rs6438552 has been 

associated to brain structural changes in recurrent major depressive patients 
(Kwok, Hallupp et al. 2005; Inkster, Nichols et al. 2009); an older age of onset of 
bipolar I disorder in Taiwanese patients (Lin, Ko et al. 2014) and reduced regional 
GM volume in patients with MDD (Inkster, Nichols et al. 2009). 
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HYPOTHESIS AND OBJECTIVE 

Previous results in our laboratory found an increase in β-catenin protein 
levels in animal subjected to chronic treatment with several antidepressant 
treatments as fluoxetine and venlafaxine. The fast antidepressant rs67333, an 
agonist of 5-HT4 receptors, increase β-catenin parallel to the antidepressant 
effects. In several animal models of depression as the olfactory bulbectomy or the 
corticosterone depression model, we found a decrease in β-catenin protein levels 
in the hippocampus. Finally, we found a decrease in β-catenin protein levels in 
prefrontal cortex of MDD (Figure 3). 

 

Figure 3. Decrease of β-catenin protein expression levels in prefrontal cortex of MD suicide subjects.  

 

Regarding to SNP in GSK-3β, we found a significant association between GSK-
3β intronic single nucleotide polymorphism, rs6438552, and mood disorders 
mainly MDD. The dominant model (mutant heterozygous plus homozygous versus 
wild allele, AG+GG versus AA, show a significant association with MDD disorder 
(OR=1,33 ; IC95% = 1,09-1,61; p=0,004). 

It has been showed that GSK-3β polymorphism rs6438552 alter transcription 
and splicing in GSK-3β, as well as differences in Tau phosphorylation in Parkinson 
disease (Kwok, Hallupp et al. 2005). 

In view of the previous results, our hypothesis was that G allele from GSK-3β 
SNP, rs6438552 is associated with MDD due to an alternatively splicing which 
increase GSK-3β phosphorylation of β-catenin. An increase in β-catenin protein 
phosphorylation result in lower β-catenin levels in MDD. 

The aim of this study was to evaluate transcription and splicing in GSK-3β 
from human blood samples expressing different genotypes in rs6438552 SNP. 

Indeed, the level of β-catenin and GSK-3β as well as the phosphorylation of the 
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proteins in HeLa cells transient transfected with the different rs6438552 
genotypes was evaluated  
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SUBJECTS AND METHODS  

Subjects 

For the present study, two different cohort samples were used. All the studies 
were conducted conforming to international standards for research ethics, the 
study was approved by the local institutional review board. All the subjects 
included in the study written informed consent to be included. 

The relationship between GSK-3β genotyping and mood disorders (Depregen 
study), was carried out in a cohort comprises of 1279 cases (420 male and 849 

female cases) and 2831 control subjects (1616 male and 1215 female subjects). 
The cases were referral based and prospectively recruited from psychiatric 
records. Control cases had no history of neurological or psychiatric symptoms and 
no significant neuropathology. Mood disorders depression (DD), major depression 
(MD), bipolar disorder (BPD) or dysthymia (D) were diagnosed according DSM-IV 
criteria. The control group comprised non-psychiatric healthy individuals.   

The analysis of GSK-3β transcripts and GSK-3β and β-catenin expression and 
phosphorylation was carried out from total RNA blood samples for 3 no depressed 
female subjects, with the three genotyping of rs6438552 (AA, AG and GG).   

Blood samples  

Blood samples were obtained from 08:00 to 10:00 hours. For the genotyping 
GSK-3β study, 5 mL of blood were collected with EDTA anticoagulation, frozen at -
20ºC for 24 hours. For total RNA insolation, blood samples were obtained using the 
Tempus™ Blood RNA Tube (Invitrogen) using the manufacturer’s protocols.  

Genomic DNA 

Blood genomic DNA was extracted from 200 μl of blood by Puregene DNA 
purification kit from Gentra Systems, Minneapolis, MN, according to the 
manufacturer’s instructions.   

Total RNA 

Blood total RNA was extracted by Tempus™ Spin RNA Isolation Kit 
(Invitrogen) using the manufacturer’s protocols. 

To select only RNA with good quality, the RNA Integrity Number (RIN) was 
characterized with the Agilent 2100 Bioanalyzer system and samples with a RIN of 
at least 7.2 were selected (table 2). 
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Table 2. RIN of the RNA samples 

Sample name RIN 

AA 9.80 

AG 8.80 

GG 8.90 

GSK-3β SNP determination  

Genotyping of GSK-3β in the Depregen study was performed by the CEGEN 
through the MassARRAY SNP Genotyping Service (SEQUENOM). This system 
utilizes a homogenous MassExtend (hME – single base extension) reaction termed 
iPLEX GOLD, for analysis of SNPs in multiplex format. Following the MassExtend 
reaction, oligonucleotides are printed onto specialized Spectro CHIPs and analyzed 
by the Sequenom mass spectrometer. The mass spectrometer provides a high level 
of sensitivity, capable of detecting allele frequencies as low as 3% on average. 

Analysis of GSK-3β transcripts 

Total RNA was extracted from peripheral blood samples using tempus™ Spin 
RNA Isolation Kit (Applied Biosystems) or from brain tissue samples using the 
Trizol reagent (Sigma). In both cases, 30 ng/µl RNA was reverse transcribed. 

Reverse transcription  

Firstly, cDNA was obtained from RNA samples by reverse transcription using 
the Superscript II RT enzyme (Invitrogen) and a random hexamer primer 
(Invitrogen) (table 3). 

Table 3. RT conditions 
 

 

10x RT Buffer 2.0 µl  

25x dNTP Mix (100mM) 0.8 µl  Ciclo 1 25 ºC 10 min 

10x RT Random Primers 2.0 µl  Ciclo 2 37 ºC 120 min 

MultiSribeTN RT 1.0 µl  Ciclo 3 85 ºC 5 min 

Nuclease-free H2O 4.2 µl  Ciclo 4 4 ºC ∞ 

RNA (30 ng/ µl) 10 µl  

TOTAL 20 µl  
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PCR amplification 

The alternatively spliced of exons 9 and 11 of GSK-3β were constructed by 
PCR amplification from blood samples using the primers GSK-3β-6.12-F 5’-
GTATGGTCTGCTGGCTGTGT-3’ and GSK-3β-6.12-R 5’-TCTTTCCAAACGTGACCAG 
TG-3’. The amplification conditions are show in Table 4. The relative ratio of PCR 
products with and without exon 9 and exon 11 sequences was analyzed by 
differences in DNA size with the Agilent 2100 Bioanalyzer system (Agilent 
technologies). 

Table 4. PCR conditions optimization for GSK-3β-6.12 primers to obtain the different transcripts of 
GSK-3β 

GSK-3β-6.12-F (0.2 M) 0.6 µl     

GSK-3β-6.12-R (0.2 M) 0.6 µl  Ciclo 1 95 ºC 1 min 

Master Mix x2 10 µl  Ciclo 2 
(x30) 

95 ºC 30 s 

Nuclease-free H2O -  53 ºC 30 s 

DNA (60 ng) 2 µl  72 ºC 40 s 

MgCl (50 mM) 0.2 µl  Ciclo 3 72 ºC 10 min 

TOTAL 20 µl   4 ºC ∞ 

Expression vectors and constructs  

Human GSK-3β isoforms from the rs6438552 SNP genotype were subcloned 
into the EcoRI and XhoI sites of pcDNA3.1 mammalian expression vector 
(Invitrogen). Human cDNA from the three genotypes was amplified  by polymerase 
chain reaction (PCR) using the primers:  GSK-3β_EcoRI_F: 5`-GTTTCTTCGAATTCA 
TCATGTCAGGGCGGCCCAGAACCACCTCC-3` and GSK-3β_XhoI_R  5`-GTTTCTTCCTC 
GAGGCTGCTCGGGACTGTTCAGGTGGAGTTGGAAGC-3` in order to generate the two 
restriction enzymes sites (EcoRI and XhoI) in the GSK-3β cDNA (Table 5 and Figure 
4). The three variants of GSK-3β in the pcDNA3.1 were transformed into E.coli 
DH5α (Figure 5). 

Table 5. PCR conditions GSK-3β-EcoRI/XhoI primers used to obtain GSK-3β DNA isoforms. 

GSK-3β-XhoI-F (0.2 M) 0.25 µl     

GSK-3β-EcoRI-R (0.2 M) 0.25 µl  Ciclo 1 95 ºC 1 min 

5x Buffer High Phusion 4 µl  Ciclo 2 
(x35) 

95 ºC 30 s 

dNTPs (10mM) 1.6 µl  62 ºC 30 s 

Nuclease-free H2O -  72 ºC 1.30min 

DNA (60 ng) 2 µl  Ciclo 3 72 ºC 10 min 

MgCl (50 mM) 0.2 µl  4 ºC ∞ 

Phusion polymerase 1.2 µl  

TOTAL 20 µl  
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Figure 4. Vector construction 

 

 

 

 

 

 

Figure 5. Clones of pcDNA3. 1_AA/AG/GG are selected between several E.coli DH5α colonies.  

The bacterial clones were grown in LB broth medium (standard Luria Bertani 
medium), the presence of GSK-3β cDNA and high numbers of vectors were purified 
with a kit of purification (maxiprep kit, Invitrogen). Large-scale plasmid DNA 

purification from the different SNPs: AA, AG and GG were insolated with the 
Invitrogen kit using the manufacturer’s protocols.  

 Sequencing  

The presence of the different GSK-3β variants were detected by direct 
sequencing of DNA inserted into pcDNA3.1. The primers used for sequencing were:    

GSK3_S_1: ATCATGTCAGGGCGGCCCAGAACCACCTCC  

GSK3_S_2: AGATCACTGTAACATAGTCC  

GSK3_S_3: CTATGTTACAGTGATCTAGC  

GSK3_S_4: GGTCTGCTGGCTGTGTGTTG  
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GSK3_S_5: TGGAGTATACACCAACTGCC  

GSK3_S_6: TTGGAAGCTGATGCAGAAGC  

pCDNA3_S_F: TCTGGCTAACTAGAGAA  

pCDDNA3_S_R: CTGGCAACTAGAAGGCAC  

Cell culture  

HeLa (cervical carcinoma) cell lines were seeded on 175 cm2 dishes at 105 
cells/ml in growing medium: Dulbecco's modified Eagle's medium (DMEM) 
supplemented with 10% FCS (Foetal calf serum heat inactivate), 2 mM L-
glutamine, 1 mM sodium pyruvate, 100 units/ml penicillin/streptomycin. Cells 

were maintained at 37 ºC in a humidified atmosphere of 5% CO2, and were 
passaged when they were 80-90% confluent, i.e. approximately twice a week.   

Cell transfection 

Equal amounts of the constructs (pcDNA3.1-AA, pcDNA3.1-AG and 
pcDNA3.1-GG) were transfected into human HeLa cell using cationic liposomal 
reagent (Lipofectamine 3000, Invitrogen) reagent according to instructions. Non-
transfected cells (lipofectamine only) and cells transfected with empty pcDNA3.1 
vector served as negative controls. After 4 h, the medium was changed to a 
growing medium and 48 h after transfection, the growing medium was replaced by 

selection medium growing medium plus 500 µg/ml Geneticin® Selective Antibiotic 
(G418 Sulfate). 

 In Cell Western  

The expression levels and the activity GSK-3β, p-GSK-3β, of β-catenin and p-
β-catenin in the transfected cells were analyzed by in cell western (ICW) assay, a 
quantitative immunofluorescence assay performed in microplates (96-well 
format). 

The antibodies used for the interest of the experiment were rabbit: GSK-3β 

(Sigma), p-GSK-3β (Ser9) (Cell Signaling), β-catenin (Santa Cruz Biotechnology) 
and p-β-catenin (Santa Cruz Biotechnology). As a control for cell number in each 
well we used commercial Cell Tag. 

The quantitative immunofluorescence was detected by Odyssey software, 
Cell Tag was measured at 700nm (red) and anti-rabbit/mouse secondary antibody 
signal was measured at 800nm (green). Image Studio Lite Ver 5.0 (figure 7) 
quantifies the fluorescence. 

Stadistics 

Dates in figures are expressed as Mean ± standard error. Differences in splice 

isoforms and β-catenin phosphorylation levels were analyzed by analysis of 
variance test (ANOVA), following Newman-Keuls post-test. 2x2 contingency tables 
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were used to test for significance of association between the GSK-3β SNPs and 
individual case–control cohorts. 
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RESULTS 

cDNA of GSK-3β   

Frist work in the present project was to develop a protocol for the 
amplification of specific DNA of GSK-3β expressed in each genotype of rs6438552 
SNP in health control females. After total RNA purification from each blood sample, 
total cDNA was obtained by reverse transcription. In order to get an exact DNA 
copy of GSK-3β, for the primer pair GSK-3β-EcoRI/XhoI restriction enzymes sites, a 
high-fidelity DNA polymerase was used, this DNA polymerase offer a higher 
specificity in the DNA copy but low efficiency in amount of DNA amplification. 

Then, enzyme amount, template cDNA amount, primer concentration, dNTP and 
Mg2+ concentration and annealing temperature were optimized. For alternative 
splicing with the GSK-3β-6.12 primers a conventional Master-Mix DNA polymerase 
was used. For this polymerase, only cDNA and primer concentration, and annealing 
temperature were optimized. 

- Primer  design 

In order to obtaining an appropriate primer sequences that follow general 
primer design guidelines and can be tailored specifically for our DNA template, we 
used the commercially available primer design software, Primer Blas ( National 

Center for Biotechnology)  and Primer Analysis Software (UCSC In-Silico PCR). 

- PCR conditions (see table 5 on methods). In order to archive the best PCR 
conditions for our human PCR, cDNA for human Ren Cell and human HeLa cells 
was used during standardization. For the primer pair, GSK-3β-EcoRI-XhoI 
restriction enzymes sites a high-fidelity DNA polymerase, the conditions tested 
were: 

a) Enzyme amount: 1.25 units of enzyme per 50 μl (1.2 l/20l PCR). 

b) Template DNA amount: 1 ng - 200 ng, an excess of template DNA could 
lower enzyme reactivity. The final amount of cDNA template was 60g/20l PCR. 

c) Tm values an annealing time are dependent upon primer. For achieving 
the best aneling Tm, a gradient of Tº from 54ºC to 64 ºC was checked (Figure 6). In 
our case a Tm to 62 ºC and an annealing time of 30 seconds, were used to achieve 
highly specific amplification and to avoid primers`s dimerization and improve the 
amplification of GSK-3β gene. 
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Fiure 6. Tm values: a gradient of temperature for TM values was used to optimize PCR with GSK-
3β_EcoRI_R/XhoI_F primers. 

 

d) Mg2+ concentration: The optimal Mg+2 concentration also depends on the 

dNTP concentration, the specific template DNA and the buffer composition. In 
general, the optimal Mg+2 concentrations are 0.5 to 1mM over the total dNTP 
concentration (Figure 7). 

 

Figure 7. Gradient of Mg+2 concentrations with the same dNTP concentration (10mM). 

An electrophoresis of the amplified product (genotypes AA, AG and GG) with 
the GSK-3β-EcoRI/XhoI primers is showed in Figure 8 

The PCR conditions with the GSK-3β-6.12 primers for alternative splicing 
(see Table 4 in methods) cDNA concentration was 60 ng/20 l; primer 
concentration was 0.2 M, and annealing temperature was 53ºC.  

 

 

 

 

Figure 8. Electrophoresis of GSK-3β gene variants (AA, AG and GG) on 0.8% high resolution agarose gel and x1 

TBE buffer. The result is after optimazating the PCR protocol with GSK-3β-EcoRi-XhoI primers. 
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Association of rs6438552 SNP in GSK-3β and MDD 

The allele frequencies of rs6439552SNP were similar in the control group 
(CG), and the group of patients with MDD for both the general population (2 = 8.4, 
ns) and for women (2 = 6.7, ns) and men subgroups (2 = 7.7, ns). The genotype 
frequencies of rs6438552 SPN in the control and MDD groups in the general 
population is shown in Table 6. 

 

Table 6.-Allelic frequencies in all patients (all) and in women and men of the SNP rs6438552 in 
GSK-3β   in the control and major depressed (MDD) groups. 

Allels CONTROL  N (%) MDD N (%) 

A all 3272 (59) 659 (56) 

A women 1926 (59) 481 (56) 

A men 1346 (60) 178 (55) 

G all 2256 (41) 521 (44) 

G women 1348 (41) 373 (44) 

G men 908 (40) 148 (45) 

 

In the group of MDD patients an increased risk of depression is the effect is 
dependent on the allele G observed in both the codominant (OR = 1.36; 95% CI = 
1.11 to 1.67; p = 0.01), and the dominant models (OR = 1.33; 95% CI = 1.09 to 1.61; 
p = 0.004; Table 7), 

 
Tabla 7. Genotypic frequencies in all patients of the SNP rs6438552 in GSK-3β in the control and 
major depressed (MDD) groups. D: dominant model 

Model Genotype Control DM OR (95% α) p 

D AA 997 
(36.1%) 

176 
(29.7%) 

1.00  

D AG+GG 1767 
(63.9%) 

414 
(70.2%) 

1.33 
(1.09-1.61) 

0.00 

 

Measurement of GSK-3β Splice Isoform Levels 

We examined the effect of rs6438552 genotypes in HeLa cell line transfected 
with cDNA from subjects with the AA, AG and GG genotypes. We measured the 
relative levels of all four GSK-3β splice isoforms by PCR of total RNA using primers 
that spanned exons 6 to 12 (GSK-3β-6.12 primers). The PCR products were 
electrophoretically separated by Bioanalyzer system (Figure 9). This allowed us to 

detect the full-length GSK-3β transcript (GSK-3β_full) and transcripts lacking the 
alternatively spliced exons 9 (GSK-3β_exon9, 628 pb), 11 (GSK-3β_exon11, 568 
pb), or both (GSK-3β_exon9+11, 528 pb) (Figure 2B).  
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Figure 9. Electrophoresis of PCR with GSK-3β6.12 primers. The results of splicing transcripts obtained by the 

Agilent 2100 Bioanalyzer system. 

The major slices correspond to GSK-3β Δexon9 transcript. There was not 
differences in the levels of GSK-3β Δexon9 transcript either in the full GSK-3β 

transcript between the three rs6438552 genotypes (Table 8 and Figure 10). 
However, there was a 7-fold increase in GSK-3β Δexon9+11 (p<0.001) and 2-times 
more GSK-3β Δexon11 (p<0.05) when comparing individuals with GG versus AA 
genotypes (Table 8, Figure 10).  

 

Table 8. Quantification of GSK-3β transcripts (dates from Bioanalizar) 

  
AA 

 
AG 

 
GG 

 
pb 

 
M (pmol/l) % AA M (pmol/l) % AG 

M 
(pmol/l) % GG 

500-550 Exon Δ9+11 (528pb) 24.1 3.3 0.1 0.1 23.2 25.1 

550-600 Exon Δ11 (568 pb) 310.9 42.7 208.9 33.9 79.3 85.9 

600-680 Exon Δ9 (628 pb) 2234.8 306.9 1971.2 320.6 231.7 251.0 

680-800 Full: 667pb 342.7 47.1 278.6 45.3 35.0 37.9 
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Figure 10. A. Quantification of splicing isoforms of GSK-3β in the three genotypes of the intronic SNP 

rs6438552. Data represent the % of each isoform from the total of GSK-3β isoforms expressed in each 

genotype. F=ANOVA:*p<0.05 vs AA AND #p<0.05 vs AG SNK post-test.  

Measurement of GSK-3β and β-catenin protein expression and 
phosphorylation 

The next step in our study was to quantify the level of protein expression and 
phosphorylated states of GSK-3β and β-catenin. The analysis was carried out by in 
cell western blot from HeLa cell line transfected with cDNA from subjects with the 
AA, AG and GG rs6438552genotypes. 

As expected, the three genotypes (AA, AG and GG) have different expression 
levels of GSK-3β. The higher levels of GSK-3β expression correspond to GG (179%; 
p<0.05 vs AA, 120%) and AG (159%; p<0.05 vs AA, 120%) genotypes (F=8.9; 

p<0.05, ANOVA). Furthermore, GG genotype express 1.5-fold more p-GSK-3β 
(Figure 11) than AA genotype (F=8.2; p<0.05; ANOVA).  

Next, we examined the ability of GSK-3β from the different genotypes to 
phosphorylate β-catenin at a serine 33. GG genotype showed the highest β-catenin 
phosphorylation, resulting in a 1.5-fold increase in levels of β-catenin 
phosphorylation compared with the other genotypes (F=5.9; p<0.05; ANOVA). The 
greater activity of GSK exon9+11 expressed in the GG genotype, explains the 1.5- 
fold increase in β-catenin phosphorylation when comparing individuals with GG 
versus AA, and AG (rs6638552) genotypes.  

In agreement with the fact that β-catenin phosphorylation results in 
ubiquitination and proteasome-dependent degradation. We found significant low 
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levels of cytosolic β-catenin (F=6.0; p<0.05; Figure 11) in the cells transfected with 
the GG genotype, in accord with the higher levels of β-catenin phosphorylation in 
this genotype.  

 

 

Figure 11 GSK-3β and β-catenin protein expression of total and phosphorylate protein in the three genotypes 

of the intronic SNP rs6438552. F=ANOVA:* p<0.05 vs AA and p<0.05 vs AG SNK post-test. 
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DISCUSSION 

We have insolated GKS-3β isoforms expressed in health voluntaries with 
different genotypes of intronic SNP rs6438552. In addition, we have studied the 
effect of that polymorphism on GSK-3β splicing, GSK-3β protein expression and 
phosphorylation and downstream signaling expression of β-catenin. We found that 
GG genotype express increased levels of GSK-3β lacking exons 9+11 (GSK3β 
exonΔ9+11) and exon11 (GSK3β exonΔ11). The GSK3β exonΔ9+11 splicing has 
been correlated with GSK-3β active state and increase phosphorylation of targets 
(Kwok, Hallupp et al. 2005). In accord with that, GG genotype showed a higher 

phosphorylation of GSK-3β and its target β-catenin, which may decrease canonical 
Wnt signaling.    

Despite the fact that introns comprise 90% of the sequence of a gene, most 
reported mutations are located in exonic sequences. However, there are an 
increasing number of new pathogenic variants located in introns. Recently, many 
disease-related mutations have been reported to be responsible for aberrant splice 
processes. Most of the mutations affecting splicing disrupt the highly conserved 
donor and acceptor sites (GT/AG) at exon-intron junctions. Alternative splicing is a 
key mechanism enriching proteomic diversity, regulating developmental, and 
tissue specific processes by producing several transcripts from single genes (Wang 

and Martin, 2006). The mechanisms leading to alternative splicing range from the 
blocking of splicing factor binding sites, affinity increase of splicing factors by 
splice enhancers, to the inhibition by pre-mRNA secondary structures. The 
resulting transcripts tend to insert or delete entire domains of proteins, or to 
modify functional residues of the products. The corresponding proteins may 
exhibit slightly different or even antagonistic activities (Wang and Martin, 2006) 

The intronic SNP rs12630592 in GSK-3β gene regulate splicing, possibly 

triggering mechanisms of mRNA surveillance, thus affecting the abundance of the 
total transcript. In non-psychiatric TT subjects, the SNP exhibited reduced GSK-3β 
mRNA, GSK-3β protein expression and Ser-9 phosphorylation in healthy subjects 

and in lymphocytes and postmortem prefrontal cortex of individuals with 
schizophrenia (Blasi et al. 2013).  

In Parkinson disease, the A allele of rs6438552 is associated with increased 
levels of GSK-3β lacking exons9+11 and 11, which correlated with GSK-3β active 
state and more phosphorylation of Tau target (Kwok, Hallupp et al. 2005). Our 
study has concordance with these statements, but the allele associated to increase  
GSK3β exonΔ9+11 was the G one. 

We found decrease citosolic β-catenin in HeLa transfected with rs643855 GG 
genotype vs cells transfected with the AA genotype. β-Catenin is a major player in 
the canonical Wnt pathway. The Wnt pathway have been identified as biomarkers 

of neuropsychiatric diseases including depression and anti-depressant effects. 
Postmortem human brain samples from depressed suicide victims present a 
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dysregulation of Wnt signaling pathway with a decrease in 𝛽-catenin expression in 
prefrontal cortex (Benedetti 2014, our unpublished results). The suicidal condition 
does not modify β-catenin expression in major depression (Karege, Perroud et al. 
2007). Altered GSK-3β activity is found in prefrontal cortex of depressed suicide 
victims and in patients with recurrent MDD (Karege, Perroud et al. 2007). In 
accord with studies, GG genotype of rs643855 SNP show increase in GSK-3β 
activity and decrease in cytosolic β-catenin which suggest lower nuclear 
translocation and Wnt signaling.  

GSK-3β isoforms have different priority between substrates (Soutar 2010). 
Kwok et al. (2008) found interacts with MAPTS haplotypes to modify disease risk 

in Parkinson and Alzheimer disease. This study confirm that isoforms of GSK-3β 
present differences in the phosphorylated β-catenin and in the levels of β-catenin. 
Then, SNP in GSK-3β may have a role in the susceptibility for multiple diseases like 
depression disease. In our study, we have found an association of GG genotype of 
rs643855 SNP, a high risk of MDD, and splicing in GSK-3β associated with high 
expression of GSK-3β exonΔ9+11, and increase in GSK-3β active state and more β-
catenin phosphorylated. As result, the GG phenotype presents decrease levels of β-
catenin. 

Fuster-Matanzo et al. (2013) has showed that, overexpression of GSK-3β is 
detrimental to neurogenesis in mice models. Active GSK-3β deplete neuronal 

precursors and block neuronal maturation. In addition, overexpression of GSK-3β 
increased the neuroinflammatory response and reduced neuron density in adults, 
likely due to GSK-3β induced apoptosis.  Decrease in neurogenesis, increase of 
neuroinflammation and increase of apoptosis are characteristics of depression 
disease. 

The Known biochemical pathways in which GSK-3β participates suggest a 
role as a susceptibility locus for multiple diseases. Our findings provide both 
functional and genetic evidence to support the role of GSK-3β in MDD. We 
demonstrated that the G allele of rs643855 had greater transcriptional strength 
than the A allele. We also demonstrated that the G allele of rs6438552 resulted in 
altered splicing of GSK-3β and greater levels of the GSK exon9+11 isoform 

and enzyme activity in lymphocytes.  

We measured the level of β-catenin phosphorylation as an indication of a 
functional difference between the two GSK3B splice isoforms. However, our results 
do not preclude the possibility that other functional differences between the two 
GSK-3β splice isoforms, including their affinity with alternative substrates of GSK-
3β. Finally, because GSK-3β has been implicated in numerous other diseases, 
including Alzheimer’s disease and bipolar disorder, it is essential that suitable 
cohorts are examined for possible association between the GSK-3β regulatory 
polymorphisms and these disease groups.  

Several lines of evidence indicate that GSK-3β is a good candidate molecule 
for MDD susceptibility and antidepressant therapeutic effect. However, to date, not 
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all studies have found SNP of GSK-3β to be associated with MDD itself. The 
different SNPs selection, sample size or ethic of the population could be 
responsible of those differences. (Caspi, Sugden et al. 2003; Tsai, et al. 2008; 
Inkster et al., 2009; Zhang et al. 2010; Kyoung et al. 2010). Our result show an 
increase risk od MDD associated with the G allele of rs6438552 in GSK-3β. Then 
rs643855 is associated with effects on GSK-3β expression and phosphorylation, 
which also affect downstream signaling of gene expression with possible effect on 
the neuronal function of relevance to MDD or antidepressant treatment. 

The next step in this study could be study the effect of genotypes in 
rs6438552 SNP in a population of depressive patients. In order to check if the 

same alternative splicing, as well as GSK-3β expression and functionality its 
associate to the same allele, or as in case of Parkinson disease, the A allele is 
associated to higher GSKexon9+11 isoform. 
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CONCLUSIONS 

 

- The rs6438552 SNP is involved in GSK-3β gene splicing 

- G allele of rs6438552 results in an increased levels of GSK-3β transcripts 
lacking exons 9+11 exonΔ9+11, which, in turn, leads to increased 
phosphorylation of target proteins as β-catenin 

- Increased phosphorylation of target proteins as β-catenin induce low β-
catenin levels. 

-The GG phenotype of rs6438552 is associated with MD. The lower levels of 
β-catenin could be involved in the association of GG phenotype with 
clinical phenotype of MD. 
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MATERIALS & METHODS 
RNA from peripheral blood samples → Blood samples were 

obtained using the Tempus™ Blood RNA Tube (Invitrogen) 
using the manufacturer’s protocols.  

Reverse transcription → cDNA was obtained from 30 ng/µl 
RNA samples by reverse transcription using the Superscript II 
RT enzyme and a random hexamer primer (Invitrogen). 

PCR amplification → The isoforms of GSK-3β from 
alternatively spliced of exons 9 and 11 were identified by PCR 
amplificated using GSK3-6.12-F 5’-GTATGGTCTGCTGGCTGTGT-
3’ and GSK3-6.12-R 5’-TCTTTCCAAACGTGACCAGTG-3’ 
primers. The alternative splicing was analyzed by differences 
in DNA size with the Agilent 2100 Bioanalyzer system. 

Vector construction: the three genotypes variants (AA, AG, 
GG)  of the SNP rs6438552 was cloned into pcDNA3.1. cDNA 
was amplified with primers GSK3_EcoRI_F: 5`-GTTTCTT 
CGAATTCATCATGTCAGGGCGGCCCAGAACCACCTCC-3` and  
GSK3_XhoI_R  5`-GTTTCTTCCTCGAGGCTGCTCGGGACTGTTC 
AGGTGGAGTTGGAAGC-3` in order to generate the restriction 
enzymes sites (EcoRI and XhoI) in the GSK-3β cDNA to 
generate the plasmids pcDNA3_AA; pcDNA3_AG and 
pcDNA3_GG. 

Cell transfection → Equal amounts of the constructs 
(pcDNA3; pcDNA3_AA; pcDNA3_AG and pcDNA3_GG) were 
transfected into human HeLa cell using cationic liposomal 
reagent. 

In cell western → The expression levels and the activity 
GSK-3β, and β-catenin were analyzed by in cell western assay. 

Statistics Differences in splice isoforms and protein 
expression and phosphorylation levels were compared with 
analysis of variance 

INTRODUCTION 
Postmortem human brain samples from depressed suicide victims 

present a dysregulation of Wnt signaling pathway with a decrease in 𝛽
-catenin expression in prefrontal cortex (Figure 1).  The single 
nucleotide polymorphism (SNP) rs6438552 in GSK-3β  has been 
associated with high risk of major depression (our unpublished results, 
(table 1) and a reduced regional GM volume in depressed patients 
(Kwok et al., 2005; Inkster et al., 2009). As GSK-3β phosphorylation of 
β-catenin increase protein degradation by proteasome, alternatively 
spliced of GSK-3β could be involved in mood disorder by modulation 
of the 𝛽-catenin signaling. 
The human GSK-3β gen is located on chromosome 3q13.33 and 

includes 12 exons. GSK-3β has two alternatively spliced exons (9 and 
11) that predicted to generate four different splice isoforms (Schaffer 
et al., 2003) (Figure 2), the full-length GSK3B transcript (full) and 
transcripts lacking the exon 9 (exonΔ9, 628 pb), exon 11 (exonΔ11, 568 
pb), or both (exonΔ9+11,528 pb). Preclinical evidences suggest that 
the SNP rs6438552 in GSK-3β  is involved in alternatively spliced exons. 
Increased levels of GSK3β lacking exon 9+11 transcripts enhanced 
phosphorylation of its substrate as Tau protein (Kwok et al., 2005).  
The aim of this study was to evaluate transcription and splicing in 

GSK-3β from human blood samples, the level of β-catenin and  GSK-3β 
as well as the phosphorylation of the proteins in HeLa cells transient 
transfected with the three rs6438552 genotypes.  

RESULTS 
- The relative ratio of PCR products with and without exon 9 and 

exon 11 sequences was determined semiquantitatively by PCR 
amplification,  differences in DNA size was analyzed with the Agilent 
2100 Bioanalyzer system (figure 4) The intronic SNP rs6438552 is 
involved in GSK-3β gene splicing. The transcript lacking the exon 9 
(ExonΔ9) has the highest level of expression in all the genotypes, in 
concordance with previous studies on GSK-3β splicing. On the other 
hand, the higher levels of transcript lacking exons 9 and 11 
(exonΔ9+11) and exon 11 (exonΔ11) splicing isoforms are expressed 
in the GG genotype. rs6438552 SNP can modulate the utilization of 
splice acceptor sites in downstream introns in order to generate the 
different isoforms. 

- Transient expression of the three rs6438552 genotypes in HeLa 
show that transcript lacking exon 9 (exonΔ9) is the main transcript 
in all genotypes. GG genotype express the higher levels of isoforms 
lacking exon 11 and exons 9+11 (exonΔ9+11 and exonΔ11; p<0.05; 
Figure 5).  

- G allele of rs6438552 express the higher levels of GSK-3β. The 
greater activity of GSK-3β, measured as phosphorylated form of the 
protein, was also observed in the GG genotype (p<0.05; Figure 5). 

- According with the greater activity of GSK-3β, the GG genotype 
showed higher β-catenin phosphorylation when comparing 
individuals with AA versus GG genotypes (p<0.05; Figure 5).  

- The higher phosphorylation of β-catenin was correlated with a 
decrease of total β-catenin levels (p<0.05;Figure 5).  

CONCLUSIONS 
- The rs6438552 SNP is involved in GSK-3β gene 

splicing 
- G allele of rs6438552 results in an increased levels of 

GSK-3β transcripts lacking exons 9+11 exonΔ911, 
which, in turn, leads to increased phosphorylation of 
target proteins as β-catenin 

- Increased phosphorylation of target proteins as β-
catenin induce low β-catenin levels. 

- The GG phenotype of rs6438552 is associated with 
MD. the lower levels of β-catenin could be involved in 
the association of GG phenotype with clinical 
phenotype of MD. 
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Figure 1: Decrease of b-catenin  protein 
expression levels in prefrontal cortex of 
control and suicide subjects.  

Table 1. Genotypic frequencies and association study of the SNP rs6438552 
genotype and major depression disease (DM) in the dominant model(D).  Odd ratio 
(OD), p (p-value). 

Fig.3. Workflow 

Fig. 4 Quantification of splicing isoforms of GSK-3β in the three 
genotypes of the intronic SNP rs6438552. Data represent the % 
of each isoform from the total. F= ANOVA: * p< 0.05 vs AA and · 
p<0.05 vs AG SNK post test. 
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Fig. 5 GSK-3β and b-catenin protein expression of total and 
phosphorylate protein in the three genotypes of the intronic 
SNP rs6438552.  F= ANOVA: * p< 0.05 vs AA and · p<0.05 vs AG 
SNK post test. 

Figure 2. human GSK-3β gen , exons and 
isoforms of protein related to alternative 
splicing of exons 9 and 11 
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