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Abstract

In a previous linkage disequilibrium mapping study, in the 3′ end of ARVCF, we identified one 

intronic SNP rs165849 and one haplotype block associated with schizophrenia and related 

disorders. The aim of the present study was to explore whether functional genetic variants in the 

exonic regions of ARVCF included in this haplotype block are responsible for the association 

observed. To achieve this objective (1) the nine exons included in this haplotype block were 

resequenced in a group of 242 patients with schizophrenia and related disorders (Case 1). The 

SNPs identified were genotyped in a hospital-based control group of 373 subjects (Control 1) and 

an association study was performed. (2) The SNPs showing significant association in this analysis 

were genotyped in a new group of 102 patients with schizophrenia and related disorders (Case 2) 

and in a new group of 111 healthy subjects (Control 2). Three dbSNPs (rs35219372, rs5993890, 

and rs165815) were identified when the nine exons of ARVCF were resequenced. rs165815 was 

associated with schizophrenia and related disorders (homozygote CC OR = 3.39, permutated P 

value = 0.02). When the groups of cases (1 and 2) and controls (1 and 2) were merged, the 

analysis confirmed the association observed (homozygote CC OR = 3.25 permutated P value = 

0.02). Given the role of ARVCF proposed in the neurodevelopmental hypothesis, our results 

further support the view that chromosome 22 contains a susceptibility gene, possibly ARVCF. The 

functional variant rs165815, which affects a critical region of ARVCF, is a considerable source of 

the genetic variability associated with the risk of developing schizophrenia.
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INTRODUCTION

Twin and family studies indicate that genetic factors play a significant role in the 

transmision and expression of schizophrenia. Genetic association studies in schizophrenia 

have focused mainly on candidate genes from dopaminergic pathways. Various genes 

encoding dopamine receptors [DRD2; Lafuente et al., 2008] and genes encoding for 

enzymes involved in dopamine transport and degradation [MAO-B, Gassó et al., 2008; 

COMT, Mas et al., 2008; ACE, Crescenti et al., 2009] have been implicated in the 

etiopathology of schizophrenia. Nevertheless, the inconclusiveness of the results suggests 

that other pathways contribute to the schizophrenia phenotype, for example, via alterations 

in neural development.

ARVCF (armadillo repeat protein deleted in velo cardio facial syndrome) is one of the most 

recently identified members of the p120(ctn) subfamily, which plays a key role in the 

formation of adherens junction complexes [Sirotkin et al., 1997]. More recent work has 

confirmed that ARVCF is indeed part of the cadherin–catenin complex and may modulate 

cadherin-mediated junction structures and cell–cell adhesion in various cell types 

[Kaufmann et al., 2000; Mariner et al., 2000]. It is conceivable that ARVCF influences the 

migration of neural crest cells by controlling the cell–cell adhesion required for the 

development of several organs. In turn, the lack of ARVCF might contribute to migratory 

defect of neural crest cells [Kaufmann et al., 2000]. ARVCF was discovered during a search 

for genes located in the region of chromosome 22q11.2, which is also the location of a 

relatively common microdeletion alteration, velo cardio facial syndrome (VCFS). 

Microdeletions, typically about 1.5–3 Mb (megabases) in size and encompassing around 40 

genes, result in a wide range of phenotypes. Interestingly, adults with VCFS have high rates 

of psychosis, most cases fulfilling the diagnostic criteria for schizophrenia, which has an 

estimated prevalence of 25% [Murphy et al., 1999]. In addition, some studies estimate the 

frequency of 22q11.2 deletions to be 0.4% in schizophrenia patients [The International 

Schizophrenia Consortium, 2008]. Thus VCFS has been considered the main risk factor for 

developing schizophrenia, and the genomic region 22q11.2 one of the most promising 

candidate regions for association studies. Additional support was provided by genome-wide 

linkage scans that identified chromosome 22q as one of the loci with the highest likelihood 

of harboring genes that confer susceptibility to schizophrenia [Badner and Gershon, 2002].

Previous family-based schizophrenia association studies showed that SNPs in the 3′ region 

of ARVCF are linked to the risk of developing schizophrenia [Sanders et al., 2005; Xie et al., 

2005], although this association is controversial [Chen et al., 2005; Sanders et al., 2008]. In 

a previous study, we performed an extensive linkage disequilibrium (LD) analysis, including 

the 3′ region of ARVCF [Mas et al., 2009]. We identified a single marker (rs165849) and a 

four-marker haplotype block (rs165849-rs2518823-rs887199-rs2239395) associated with 

this disorder. Although the odds ratio observed was higher in the haplotype analysis than in 
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the single locus analysis, the former did not increase the statistical significance, thereby 

indicating that the haplotype effect is attributable to the G allele of rs165849. All the four 

SNPs studied were intronic and no functional properties were identified through 

bioinformatic analysis. Here, we expand on our studies in the search for functional SNPs or 

rare variants in the exonic regions of ARVCF included in this block (Fig. 1) and that may be 

in LD with rs165849 and be responsible for the association observed.

MATERIAL AND METHODS

Study Design

This study was performed following two consecutive stages: (1) the nine exons included in 

the haplotype block of ARVCF identified in our previous LD mapping study [Mas et al., 

2009] were resequenced in a group of 242 patients with schizophrenia and related disorders 

(Case 1). The SNPs identified were genotyped in a hospital-based control group of 373 

subjects (Control 1) and an association study was performed. (2) The SNPs showing 

significant association in this analysis were genotyped in a new group of 102 patients with 

schizophrenia and related disorders (Case 2) and in a new group of 111 healthy subjects 

(Control 2).

Subjects

Case 1—242 subjects diagnosed with schizophrenia and related disorders following DSM-

IV criteria [American Psychiatric Association, 1994], consecutively recruited at the 

Psychiatric Service of the Hospital Clínic (Barcelona, Spain) between 2002 and 2004 who 

had participated in a previous LD mapping study [Mas et al., 2009], were used to resequence 

the selected exonic regions of ARVCF. Diagnoses were established using the SCID-DSM-IV 

version [First et al., 1994].

Control 1—A cohort of 373 subjects, who were consecutively recruited at the Trauma 

Service of the Hospital Clínic and who had also previously participated in the LD mapping 

study [Mas et al., 2009] as control group, were now genotyped for the SNPs identified in the 

resequencing analysis. Most of the controls were admitted for hip or knee-joint replacement, 

pelvic fracture or injury to the upper or lower ribs. A questionnaire eliciting demographic 

information, data on occupation, smoking habits, and personal medical history was 

completed in an interview for each patient. Moreover, the clinical information obtained was 

checked in medical records. Patients were excluded from controls if they reported a history 

of malignancy or mental disorder.

Case 2—A group of 102 subjects diagnosed with schizophrenia and related disorders were 

recruited at the same Psychiatric Service of the Hospital Clínic between 2007 and 2008. 

Diagnoses were established with the same protocols and were performed by the same 

psychiatric team as Case 1.

Control 2—A group of 111 healthy students of the School of Medicine (University of 

Barcelona) were recruited during 2009. This group fulfilled the same inclusion/exclusion 

criteria and completed the same questionnaire described for Control 1. However, in this 
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control group, the medical information obtained could not be checked in the medical 

records. This is a limitation of the study as this control group might have included a subject 

with non-diagnosed or latent schizophrenia.

All participants in the study were Caucasians living in Catalonia. Other ethnic groups were 

excluded. Catalonia is a region in northeast Spain with 7,210,508 habitants, of whom 96.2% 

are Caucasians (http://www.idescat.cat/cat/idescat/publicacions/anuari/). Ethnicity was 

determined by self-reported ancestries; cases and controls reported ancestries for each 

grandparent. We excluded subjects who mentioned non-European ancestry.

Written informed consent and whole blood samples were obtained from each subject. The 

study was approved by the Ethics Committee of the Hospital Clínic.

Experimental Procedures

Blood samples were collected from the participants in EDTA (K2EDTA BD Vacutainer 

EDTA tubes; Becton Dickinson, Franklin Lakes, NJ), and genomic DNA was isolated using 

DNA purification kits (Puregene; Gentra Systems, Indianapolis, IN). The DNA 

concentration was determined by means of absorbance (ND1000; Nanodrop, Wilmington, 

DE).

ARVCF (OMIM 602269) exonic sequences were extracted from Ensembl database 

(www.ensembl.org/index.html) and confirmed by alignment with genomic sequences 

(NT_011519.10), which were retrieved from Entrez Gene (www.ncbi.nlm.nih.gov/sites/

entrez?db=gene). Primers were designed automatically by means of Oligo 6 software v.6.71 

(Molecular Biology Insights, Cascade, CO) and were checked for uniqueness before 

ordering by means of Blast alignment (http://blast.ncbi.nlm.nih.gov/Blast.cgi) and pre-

screened to determine the optimum condition for amplification by means of in silico PCR 

(http://genome.ucsc.edu/cgi-bin/hgPcr). Primers for amplification and sequencing are shown 

in Table I. After amplification, a sample of the products was visualized on an agarose gel to 

confirm the size of the fragment. The remaining amplification product was sent to AGOWA 

genomics (Berlin, Germany) for purification and sequencing. Sequence analysis was 

performed using with CodonCode Aligner software (CodonCode Corp., Dedham, MA).

The following three exonic SNPs were identified in the ARVCF resequencing procedure 

performed in Case 1 group: rs35219372, rs5993890, and rs165815. The genotyping of 

rs35219372 and rs165815 in the rest of the groups was performed by means of allelic 

discrimination assays TaqMan® (Applied Biosystems, Foster City, CA). To genotype the 

remaining SNP (rs5993890), we designed a PCR–RFLP method with the primers used to 

amplify exon 15. The product was digested with Sma I restriction enzyme (New England 

Biolabs, Ipswich, MA) and visualized on an agarose gel; carriers of the C allele showed two 

bands of 171 and 256bp, whereas carriers of the T allele showed an undigested fragment of 

427bp.

Statistics

Sample size and statistical power calculations were performed with Quanto1.2 software 

(http://hydra.usc.edu/gxe). Mean and standard deviations were computed for continuous 
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variables. Univariate analysis (chi-squared test for categorical variables; Student’s t-test for 

continuous variables) was used to identify variables associated with the risk of developing 

schizophrenia. To estimate the independent contribution of each SNP to schizophrenia risk, 

genotype frequencies were assessed by means of multivariate methods based on logistic 

regression analysis and analyzed under codominant, dominant, overdominant, recessive, and 

additive models, adjusting the analysis for these variables (sex, age, and smoking habit) 

associated with the risk of schizophrenia. The best model was selected using the Akaike 

information criteria (AIC). For this purpose, we used the SNPassoc R package [González et 

al., 2007]. Hardy–Weinberg equilibrium and LD relationships between polymorphisms and 

haplotype block structures were evaluated by Haploview software v.3.2 (http://

broad.mit.edu/mpg/haploview). For the haplotype estimations, we used a sliding windows 

approach with haplo.stats R package. To avoid false-positive results caused by multiple 

testing, 10,000 permutations were performed to estimate the significance of the best result 

for both single SNP-based analysis and haplotype-based analysis.

RESULTS

The demographic characteristics of the overall group of cases and controls are summarized 

in Table II. Patients with schizophrenia and related disorders included in Cases 1 and 2 did 

not differ significantly in terms of either sociodemographic or diagnosis features. 

Differences in the proportion of males, age, and smoking habit observed on the comparison 

of the overall groups of cases and controls are also observed in the comparison of Case 1 

and Control 1 groups (stage 1), and in the comparison of Case 2 and Control 2 (stage 2). 

Because of these differences, the statistical analysis was adjusted to account for these 

features.

In stage (1), the nine ARVCF exons encompassing the haplotype block formed by rs165849, 

rs2518823, rs887199, and rs2239395 were resequenced in the group of patients with 

schizophrenia and related disorder (Case 1). Three dbSNPs were identified (Table III), 

including two synonymous SNPs (rs35219372 and rs5993890) in exon 20 and one non-

synonymous SNP (rs165815) in exon 19 (Fig. 1). These SNPs were genotyped in the 

hospital-based control group (Control 1) and association analysis showed that rs165815 was 

associated with schizophrenia (permutated P value = 0.007; statistical power 87%) (Table 

III). The genotype frequencies of this SNP analyzed under codominant, dominant, 

overdominant, recessive, and additive models are shown in Table IV. According to the AIC, 

the best model to explain the association is the additive model. As shown by this model and 

the dominant model, carriers of the C allele of rs165815 (homozygotes and heterozygotes) 

had almost a double risk of developing schizophrenia and related disorders (OR = 1.6, CI = 

1.1–2.4), whereas homozygotes for this allele had more than three times the risk of 

developing the disorder (OR = 3.3, CI = 1.1–10.1), as shown by the codominant model. 

When we stratified this analysis by diagnoses and analyzed the schizophrenia strata, very 

similar results were obtained (data not shown).

In order to confirm the association of rs165815 with schizophrenia and related disorders, we 

genotyped it in a new group of cases recruited in the same hospital (Case 2) and in a new 

group of healthy subjects from the same geographical area (Control 2). The association 
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analysis reported similar results with both allele frequencies (OR = 1.34, CI = 0.7–2.1) and 

genotype frequencies (OR = 2.8, CI = 0.6–14.9) (data not shown). However, the associations 

did not achieve significant results, probably because of the small sample size. When the 

groups of cases and controls were pooled (Table II), the analysis of SNP-based allelic 

associations (allele frequencies 0.187 in cases and 0.132 in controls; OR = 1.53; CI = 1.1–

2.0; P = 0.003; permutated P value = 0.007; statistical power 96%) and the genotype 

frequencies (Table V) confirmed the association observed in stage (1).

The four SNPs analyzed in our previous LD mapping study and the three SNPs identified in 

the resequencing of exonic sequences of ARVCF formed a haplotype block identified by 

searching for the solid spine of strong LD (Fig. 1). One of the haplotypes of this block 

(haplotype 5), with the risk alleles associated with schizophrenia for rs165849 and rs165815, 

was associated with the risk of schizophrenia and related disorders (P = 0.01). However, it 

did not survive the correction for multiple testing. When we constructed a diplotype 

considering the single marker identified in our previous study (rs165849) and the SNP 

associated with schizophrenia in the present work (rs165815), significant associations were 

obtained. The diplotype rs165849G-rs165815C, with the two alleles associated with 

schizophrenia, was more common in cases (0.19) than in controls (0.13) (OR = 1.4, CI = 

1.1–2.1; P value = 0.006; permutated P value = 0.01).

DISCUSSION

In a previous LD mapping study [Mas et al., 2009], in the 3′ end of ARVCF we identified 

one intronic SNP rs165849 and one haplotype block associated with schizophrenia and 

related disorders. The aim of the present study was to explore whether functional genetic 

variants in the exonic regions of ARVCF included in this haplotype block are in LD with 

rs165849 and whether they are responsible for the association observed. To achieve this 

objective, we resequenced the exons embedded in this haplotype block.

We identified three dbSNPs in this region (rs35219372, rs5993890, and rs165815) and one 

single marker association between rs165815 and schizophrenia and related disorders. 

Moreover, the haplotype analysis revealed that this non-synonymous SNP is in high LD 

with the previous marker rs165849. This is not the first time that these SNPs have been 

associated with schizophrenia. A haplotype block spanning the COMT gene and the 3′ 

portion of ARVCF were linked with schizophrenia as reported by Sanders et al. [2005] in 

families with schizophrenia. This haplotype block includes rs165849. In Chinese family 

trios, Xie et al. [2005] found a significant association between rs165815 and schizophrenia. 

However, these results were not replicated in other studies [Chen et al., 2005; Sanders et al., 

2008]. Ambiguous findings of association studies between genetic polymorphisms and 

schizophrenia are frequent. There are no biological markers that make the disorder 

syndromic, and diagnosis is based on a combination of clinical observations. Schizophrenia, 

as defined by current diagnostic criteria, may also include a number of heterogeneous 

diseases [Owen et al., 2004]. Phenotypic heterogeneity is a well-known limitation in genetic 

studies in psychiatry and may be responsible for discrepancies between published results or 

for lack of replication in independent samples. For this reason, we enlarged our initial group 

of cases with new patients recruited in the same Psychiatry Service and diagnosed by the 
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same psychiatrist to ensure greater phenotypic homogeneity and to guard against 

confounding population stratification. The association of rs165815 with schizophrenia and 

related disorders observed in our initial group of cases (Case 1) and controls (Control 1) was 

confirmed when these groups were extended with two new groups (Case 2 and Control 2). A 

similar magnitude of the effect and significance was obtained in the same direction with the 

same SNP. This confirmation rejected the probability of type-I error and increased the 

confidence in the finding.

The associated SNP is a missense mutation localized in exon 15 which produces an amino 

acid change, arginine for glutamine, in the protein position 906 (this position may differ 

depending on the splice variant). This position corresponds to the C-terminus region of 

ARVCF. This region is required for the correct translocation of the protein to the nucleus, 

through a nuclear localization signal[Kaufmann et al., 2000] and for selective protein–

protein interaction [Waibler et al., 2001]. The cellular distribution of ARVCF is determined 

not only by the presence or the absence of an appropriate interaction partner but also by the 

cellular context [Waibler et al., 2001]. ARVCF is expressed in multiple regions of the early 

development, adolescent, and mature mouse brain [Maynard et al., 2003] and is also 

expressed in human brain, including fetal [Sirotkin et al., 1997]. Members of the human 

catenin family play key roles in developmental patterning [Krubitzer and Kahn, 2003; 

McCrea and Park, 2007]. Hence, ARVCF may be a candidate gene for susceptibility to 

schizophrenia via alterations in neural development, which is linked with the 

neurodevelopmental hypothesis of schizophrenia [Weinberger, 1987].

ARVCF is found in the region of chromosome 22q11.2, one of the most promising candidate 

regions for association studies in schizophrenia because of its involvement in VCFS and 

genome-wide linkage scans that identify chromosome 22q as one of the loci with the highest 

likelihood of harboring schizophrenia risk genes [Badner and Gershon, 2002]. COMT is 

another gene found close to ARVCF in this region and is probably one of the genes with a 

better a priori case for involvement in schizophrenia. Given its localization and its function 

in monoamine metabolism, together with the existence of a functional polymorphism 

(Val158Met or rs4680), COMT has become a common target for genetic research, with more 

than 15 published case–control studies. As would be expected for a putative risk allele of 

small effect, numerous studies include both positive and negative findings [Williams et al., 

2007]. The discrepancy of results is potentially consistent with true association where 

replication is hampered by lack of power. However, three recent meta-analyses of the 

published case–control literature found no significant effect of the Val/Met locus [Fan et al., 

2002; Glatt et al., 2003; Munafo et al., 2005]. The soundest results in association with 

schizophrenia risk are based on haplotype blocks including SNPs of the 3′ region of COMT 

[Shifman et al., 2002]. Moreover, some of the family studies analyzing ARVCF considered 

haplotype blocks spanning COMT and ARVCF, including the functional polymorphisms 

COMT Val158Met [Li et al., 2000; Sanders et al., 2005].

Additional studies that replicate the observed association in populations of distinct ancestry 

are required to determine whether this variant allele at ARVCF is a universal risk factor or 

whether it is restricted to the Spanish population. Moreover, functional analysis of the 

impact of rs165815 on the activity of ARVCF is also required.
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Given the role of ARVCF proposed in the neurodevelopmental hypothesis [Chen et al., 

2005], our results add further support to the view that chromosome 22 contains a 

susceptibility gene, possibly ARVCF, which is in LD with COMT alleles. The functional 

variant rs165815, which affects a critical region of ARVCF, is an important source of the 

genetic variability associated with the risk of developing schizophrenia.

Acknowledgments

Grant sponsor: Spanish Ministry of Health, Instituto Carlos III (FIS, Fondo de Investigacion Sanitaria); Grant 
number: P1060182U-2006; Grant sponsor: Catalonia Ministry of Innovation, Universities and Enterprise (DIUE); 
Grant numbers: 2009SGR1295, 2009SGR1501.

The authors thank the Language Advisory Service at the University of Barcelona, Spain, for manuscript revision. 
This study was supported by the Spanish Ministry of Health, Instituto Carlos III (FIS, Fondo de Investigacion 
Sanitaria P1060182U-2006) and the Catalonia Ministry of Innovation, Universities and Enterprise (DIUE, 
2009SGR1295, 2009SGR1501).

References

American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. 4. 
Washington, DC: American Psychiatric Press; 1994. 

Badner JA, Gershon ES. Meta-analysis of whole-genome linkage scans of bipolar disorder and 
schizophrenia. Mol Psychiatry. 2002; 7:405–411. [PubMed: 11986984] 

Chen H-Y, Yeh J-I, Hong C-J, Chen C-H. Mutation analysis of ARVCF gene on chromosome 22q1 as 
a candidate for a schizophrenia gene. Schizophr Res. 2005; 72:275–277. [PubMed: 15560973] 

Crescenti A, Gassó P, Mas S, Abellana R, Deulofeu R, Parellada E, Bernardo M, Lafuente A. 
Insertion/deletion polymorphism of the angiotensin-converting enzyme gene is associated with 
schizophrenia in a Spanish population. Psychiatry Res. 2009; 165:175–180. [PubMed: 18986708] 

Fan JB, Chen WY, Tang JX, Li S, Gu NF, Feng GY, Breen G, St Clair D, He L. Family based 
association studies of COMT gene polymorphisms and schizophrenia in the Chinese population. 
Mol Psychiatry. 2002; 7:446–447. [PubMed: 12082558] 

First, MB.; Spitzer, RL.; Williams, JBW.; Gibbon, M. Structured Clinical Interview for DSM-IV—
Patients edition (SCID-P). Washington, DC: American Psychiatric Press; 1994. 

Gassó P, Bernardo M, Mas S, Crescenti A, Garcia C, Parellada E, Lafuente A. Association of A/G 
polymorphism in intron 13 of the monoamine oxidase B gene with schizophrenia in a Spanish 
population. Neuropsychobiology. 2008; 58:65–70. [PubMed: 18832861] 

Glatt SJ, Faraone SV, Tsuang MT. Association between a functional catechol O-methyltransferase 
gene polymorphism and schizophrenia: Meta-analysis of case-control and family based studies. Am 
J Psychiatry. 2003; 160:469–476. [PubMed: 12611827] 

González JR, Armengol L, Solé X, Guinó E, Mercader JM, Estivill X, Moreno V. SNPassoc: An R 
package to perform whole genome association studies. Bioinformatics. 2007; 23:644–645. 
[PubMed: 17267436] 

Kaufmann U, Zuppinger C, Waibler Z, Rudiger M, Urbich C, Martin B, Jockusch BM, Eppenberger 
H, Starzinski-Powitz A. The armadillo repeat region targets ARVCF to adherin-based cellular 
junctions. J Cell Sci. 2000; 113:4121–4135. [PubMed: 11058098] 

Krubitzer L, Kahn DM. Nature vs nurture revisited: An old idea with a new twist. Prog Neurobiol. 
2003; 70:33–52. [PubMed: 12927333] 

Lafuente A, Bernardo M, Mas S, Crescenti A, Aparici M, Gassó P, Goti J, Sanchez V, Catalan R, 
Carne X. -141C Ins/Del polymorphism of the dopamine D2 receptor gene is associated with 
schizophrenia in a Spanish population. Psychiatr Genet. 2008; 18:122–127. [PubMed: 18496209] 

Li T, Ball D, Zhao J, Murray RM, Liu X, Sham PC, Collier DA. Family-based linkage disequilibrium 
mapping using SNP marker haplotypes: Application to a potential locus for schizophrenia at 
chromosome 22q11. Mol Psychiatry. 2000; 5:77–84. [PubMed: 10673772] 

Mas et al. Page 8

Am J Med Genet B Neuropsychiatr Genet. Author manuscript; available in PMC 2015 April 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Mariner DJ, Wang J, Reynolds AB. ARVCF localizes to the nucleus and adherens junction and is 
mutually exclusive with p120(ctn) in E-cadherin complexes. J Cell Sci. 2000; 113:1481–1490. 
[PubMed: 10725230] 

Mas S, Gassó P, Crescenti A, Parellada E, Bernardo M, Lafuente A. Effect of polymorphisms of the 
cathecol-O-methyltransferase on schizophrenia risk in a Spanish population. Med Clin (Barc). 
2008; 130:401–404. [PubMed: 18394363] 

Mas S, Bernardo M, Parellada E, Garcia-Rizo C, Gassó P, Alvarez S, Lafuente A. ARVCF single 
marker and haplotypic association with schizophrenia. Prog Neuropsychopharmaco Biol 
Psychiatry. 2009; 33(6):1064–1069.

Maynard TM, Haskell GT, Peters AZ, Sikich L, Lieberman JA, LaMantia AS. A comprehensive 
analysis of 22q11 gene expresión in the developing and adult brain. Proc Natl Acad Sci USA. 
2003; 100:14433–14438. [PubMed: 14614146] 

McCrea PD, Park JI. Developmental functions of the P120-catenin sub-family. Biochim Biophys Acta. 
2007; 1773(1):17–33. [PubMed: 16942809] 

Munafo MR, Bowes L, Clark TG, Flint J. Lack of association of the COMT (Val158/108 Met) gene 
and schizophrenia: A meta-analysis of case-control studies. Mol Psychiatry. 2005; 10:765–770. 
[PubMed: 15824744] 

Murphy KC, Jones LA, Owen MJ. High rates of schizophrenia in adults with velo-cardio-facial 
syndrome. Arch Gen Psychiatry. 1999; 56:940–945. [PubMed: 10530637] 

Owen MJ, Williams NM, O’Donovan MC. The molecular genetics of schizophrenia: New findings 
promise new insights. Mol Psychiatry. 2004; 9:14–27. [PubMed: 14581932] 

Sanders AR, Rusu I, Duan J, Vander Molen JE, Hou C, Schwab SG, Wildenauer DB, Martinez M, 
Gejman PV. Haplotypic association spanning the 22q11.21 genes COMT and ARVCF with 
schizophrenia. Mol Psychiatry. 2005; 10:353–365. [PubMed: 15340358] 

Sanders AR, Duan J, Levinson DF, Shi J, He D, Hou C, Burrell GJ, Rice JP, Nertney DA, Olincy A, 
Rozic P, Vinogradov S, Buccola NG, Mowry BJ, Freedman R, Amin F, Black DW, Silverman JM, 
Byerley WF, Crowe RR, Cloninger CR, Martinez M, Gejman PV. No significant association of 14 
candidate genes with schizophrenia in a large European ancestry sample: Implications for 
psychiatric genetics. Am J Psychiatry. 2008; 165:497–506. [PubMed: 18198266] 

Shifman S, Bronstein M, Sternfeld M, Pisanté-Shalom A, Lev-Lehman E, Weizman A, Reznik I, 
Spivak B, Grisaru N, Karp L, Schiffer R, Kotler M, Strous RD, Swartz-Vanetik M, Knobler HY, 
Shinar E, Beckmann JS, Yakir B, Risch N, Zak NB, Darvasi A. A highly significant association 
between a COMT haplotype and schizophrenia. Am J Hum Genet. 2002; 71:1296–1302. 
[PubMed: 12402217] 

Sirotkin H, O’Donnell H, DasGupta R, Halford S, St Jore B, Puech A, Parimoo S, Morrow B, 
Skoultchi A, Weissman SM, Scambler P, Kucherlapati R. Identification of a new human catenin 
gene family member (ARVCF) from the region deleted in velo-cardio-facial syndrome. Genomics. 
1997; 41:75–83. [PubMed: 9126485] 

The International Schizophrenia Consortium. Rare chromosomal deletions and duplications increase 
risk of schizophrenia. Nature. 2008; 455:237–241. [PubMed: 18668038] 

Waibler Z, Scháfer A, Starzinski-Powitz A. mARVCF cellular localisation and binding to cadherins is 
influenced by the cellular context but not by alternative splicing. J Cell Sci. 2001; 114:3873–3884. 
[PubMed: 11719554] 

Weinberger DR. Implications of normal brain development for the pathogenesis of schizophrenia. 
Arch Gen Psychiatry. 1987; 44:660–669. [PubMed: 3606332] 

Williams HJ, Owen MJ, O’Donovan MC. Is COMT a susceptibility gene for schizophrenia? Schizophr 
Bull. 2007; 33:635–641. [PubMed: 17412710] 

Xie L, Ju GZ, Liu SZ, Shi JP, Yu YQ, Wei J. Searching for a schizophrenia susceptibility gene in the 
22q11 region. Biomed Environ Sci. 2005; 18:31–35. [PubMed: 15861775] 

Mas et al. Page 9

Am J Med Genet B Neuropsychiatr Genet. Author manuscript; available in PMC 2015 April 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIG. 1. 
Linkage disequilibrium pattern in ARVCF. Standard color scheme in Haploview is used to 

display logarithm of odds (LOD) and the D′. Estimated statistics of D′ is shown in each box 

(are not labeled if D′ = 1). The ARVCF gene structure is illustrated at the top (white boxes 

are untranscribed exons and black boxes are coding exons). The relative position of the 

SNPs forming the four-marker haplotype block associated with schizophrenia in our 

previous study and those identified in the former (marked with an asterisk) are also shown. 

The left inset shows the seven marker haplotype frequencies in cases and controls and the P 

values for the association analysis.
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TABLE I

Sequence of the Primers Used to Amplify the Nine Exons Included in the ARVCF Haplotype Block 

Associated With Schizophrenia

ARVCF exon Primer name Primer sequence 5′ → 3′

Exon 12 U-EXO9 CCA CTG CCA CCA ACT CCT ACC

L-EXO9 TCA CTA CCA GGG CAA TCC

SEQ-EXO9 TGC CCA AAC TCT GAC AAC GGT

Exon 13 U-EXO10 ATG CGG GTC TTG TTG CTA GGA

L-EXO10 TTG CCC GCA GCC CAT ACA C

SEQ-EXO10 GGA CTT GCC CAC CCT GCC CGA

Exon 14 U-EXO11 GTG TAT GGG CTG CGG GCA ATG

L-EXO11 TCT TTG TTG CGC CGG TCC AG

SEQ-EXO11 TAT GGG CTG CGG GCA ATG CGT

Exon 15, 16, and 17 U-EXO12/13/14 GCC TGG GCA CCG AAC TGT

L-EXO12/13/14 TGG CAG CGT GCT GTC ATC GAA

SEQ-EXO12 CAC ACC TGG AGG CCA CGA GAG

SEQ-EXO13/14 CGT GGT GGC GGT GCT CAA CAC

Exon 18 U-EXO15 GAG GGG AGT CTG GAG AGT TGG

L-EXO15 CAC AGA CTG ACT GGC GTG AAG

SEQ-EXO15 GAC CTG CCC ACA GCC ACA TGA

Exon 19 U-EXO16 TCC CTG CGC CCT TGG TGC TAC

L-EXO16 TGC CTG GTC TTT CCG GGA ATG

SEQ-EXO16 AAC AAG AAG CCC TGG CCC AGA

Exon 20 U-EXO17 GGC CAC CCT GAG CAG ATC GTG

L-EXO17 TGA CCT TCG GCA GTG GCT GGG

SEQ-EXO17 AGC AGA TCG TGC CGT GGA GC
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TABLE II

Characteristics of the Overall Group of Cases (Cases 1 and 2) and the Overall Group of Controls (Controls 1 

and 2) for the Schizophrenia Risk Study

Overall controls (Controls 1 + 2) Overall cases (Cases 1 + 2)

N 484 344

Age 45.02 ± 21 32.05 ± 12b

Sex (men) 261/484 (53.9%) 198/344 (57.5%)b

Smokersa 206/484 (42.5%) 126/230 (54.7%)b

Diagnosis

 Schizophrenia 226 (65.7%)

 Schizoaffective disorder 36 (10.4%)

 Acute psychotic disorder 68 (19.8%)

 Delusional (paranoid) disorder 11 (3.2%)

 Schizotypal disorder 3 (0.8%)

a
Smoker group includes ex-smokers. For some patients, no information on tobacco use was available (114 cases missing).

b
P < 0.001 (cases vs. controls).
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