
BackgroundBackground Genetic variationsmightGenetic variationsmight

modify associationsbetween schizo-modify associations between schizo-

phrenia and cannabis or tobacco use.phrenia and cannabis or tobacco use.

AimsAims To examinewhether variantsTo examinewhether variants

withinthe cannabinoidreceptor (withinthe cannabinoidreceptor (CNR1CNR1))

andand aa77 nicotinic receptor (nicotinic receptor (CHRNA7CHRNA7) genes) genes

are associatedwith schizophrenia, andare associatedwith schizophrenia, and

whether these effects vary according towhether these effects vary according to

cannabis or tobacco use.We alsocannabis or tobacco use.We also

examined a putative interactionbetweenexamined a putative interactionbetween

cannabis and Valcannabis and Val158158MetwithintheMetwithinthe

catechol-catechol-OO-methyltransferase gene-methyltransferase gene

((COMTCOMT).).

MethodMethod Genotype effects ofGenotype effects of CHRNA7CHRNA7

andand CNR1CNR1were studied in a case^controlwere studied in a case^control

sample of 750 individualswithsample of 750 individualswith

schizophrenia and 688 controls, withschizophrenia and 688 controls, with

interactions for these genes studied ininteractions for these genes studied in

small subsamples.Acase-onlydesign ofsmall subsamples.Acase-onlydesign of

493 ofthe schizophreniagroupwasusedto493ofthe schizophreniagroupwasusedto

examine interactions between cannabisexamine interactions between cannabis

use anduse and COMTCOMT..

ResultsResults Therewasno evidence ofTherewasno evidence of

association between schizophrenia andassociationbetween schizophrenia and

CNR1CNR1 (OR(OR¼0.97,95% CI 0.82^1.13) or0.97,95% CI 0.82^1.13) or

CHRNA7CHRNA7 (OR(OR¼1.07,95% CI 0.77^1.49)1.07,95% CI 0.77^1.49)

genotypes, orof interactions betweengenotypes, orof interactions between

tobacco use andtobacco use and CHRNA7CHRNA7, or cannabis use, orcannabis use

andand CNR1CNR1oror COMTCOMT genotypes.genotypes.

ConclusionsConclusions NeitherNeither CNR1CNR1nornor

CHRNA7CHRNA7 variationappearsto alter theriskvariationappearsto alter therisk

of schizophrenia.Furthermore, ourof schizophrenia.Furthermore, our

results do not supportthe presence ofresults do not supportthe presence of

differenteffects of cannabis use ondifferenteffects of cannabis use on

schizophrenia according tovariationwithinschizophrenia according tovariationwithin

COMTCOMT..

Declaration of interestDeclaration of interest None.None.

Schizophrenia is associated with increasedSchizophrenia is associated with increased

use of cannabis and tobacco compared withuse of cannabis and tobacco compared with

the general population, although reasonsthe general population, although reasons

for these associations have not been clearlyfor these associations have not been clearly

elucidated. There is some evidence thatelucidated. There is some evidence that

people with schizophrenia may use tobaccopeople with schizophrenia may use tobacco

to alleviate neurophysiological deficits as-to alleviate neurophysiological deficits as-

sociated with this disorder (Adlersociated with this disorder (Adler et alet al,,

1993; Olincy1993; Olincy et alet al, 1998), and that this is, 1998), and that this is

mediated through effects at themediated through effects at the aa77 nicotinicnicotinic

acetylcholine receptor (CHRNA7) (Grayacetylcholine receptor (CHRNA7) (Gray etet

alal, 1996; Stevens, 1996; Stevens et alet al, 1998). An associa-, 1998). An associa-

tion between schizophrenia and a putativetion between schizophrenia and a putative

functional variant, –86C/T, within thefunctional variant, –86C/T, within the

CHRNA7 gene (CHRNA7 gene (CHRNA7CHRNA7) has been re-) has been re-

ported (Leonardported (Leonard et alet al, 2002) and warrants, 2002) and warrants

further exploration.further exploration.

The main psychoactive compound with-The main psychoactive compound with-

in cannabis is delta-9-tetrahydrocannabinolin cannabis is delta-9-tetrahydrocannabinol

((DD99-THC), which acts through the CNR1-THC), which acts through the CNR1

cannabinoid receptor. An increased inci-cannabinoid receptor. An increased inci-

dence of psychotic disorders in people usingdence of psychotic disorders in people using

cannabis has been observed (Arseneaultcannabis has been observed (Arseneault

et alet al, 2002; Zammit, 2002; Zammit et alet al, 2002) and a, 2002) and a

putative interaction between cannabis useputative interaction between cannabis use

and variation within the catechol-and variation within the catechol-OO--

methyltransferase (methyltransferase (COMTCOMT) gene on risk of) gene on risk of

psychosis has also been reported (Caspipsychosis has also been reported (Caspi etet

alal, 2005). Findings from relatively small, 2005). Findings from relatively small

studies examining association betweenstudies examining association between

CNR1CNR1 genetic variation – most commonlygenetic variation – most commonly

at the single nucleotide polymorphismat the single nucleotide polymorphism

(SNP) rs(SNP) rs1049353 – and schizophrenia have1049353 – and schizophrenia have

been inconsistent, and it was consideredbeen inconsistent, and it was considered

worth while to examine this in a substan-worth while to examine this in a substan-

tially larger sample than has been studiedtially larger sample than has been studied

thus far.thus far.

The main aims of our study were to in-The main aims of our study were to in-

vestigate whether variations at –86C/Tvestigate whether variations at –86C/T

withinwithin CHRNA7CHRNA7 and at rs1049353 withinand at rs1049353 within

CNR1CNR1 were associated with schizophrenia,were associated with schizophrenia,

and whether these relationships differed ac-and whether these relationships differed ac-

cording to use of tobacco or cannabis. Wecording to use of tobacco or cannabis. We

also investigated whether there was any evi-also investigated whether there was any evi-

dence of an interaction between cannabisdence of an interaction between cannabis

use and the Valuse and the Val158158Met polymorphismMet polymorphism

(SNP rs4680) within(SNP rs4680) within COMTCOMT, as previously, as previously

reported (Caspireported (Caspi et alet al, 2005), as well as with, 2005), as well as with

SNPs rs737865 and rs165599 within thisSNPs rs737865 and rs165599 within this

gene. The SNP rs4680 alters enzyme activ-gene. The SNP rs4680 alters enzyme activ-

ity of COMT (Chenity of COMT (Chen et alet al, 2004), whereas, 2004), whereas

the GGG haplotype of SNPs rs737865–the GGG haplotype of SNPs rs737865–

4680–165599 has been reported to be asso-4680–165599 has been reported to be asso-

ciated with lower expression ofciated with lower expression of COMTCOMT

messenger RNA in human brain tissuemessenger RNA in human brain tissue

(Bray(Bray et alet al, 2003) and with increased risk, 2003) and with increased risk

of schizophrenia (Shifmanof schizophrenia (Shifman et alet al, 2002)., 2002).

Main genotype and haplotype effects ofMain genotype and haplotype effects of

COMTCOMT in this sample have been previouslyin this sample have been previously

reported, with no evidence found for anyreported, with no evidence found for any

association with schizophrenia (Williamsassociation with schizophrenia (Williams

et alet al, 2005)., 2005).

METHODMETHOD

ParticipantsParticipants

A sample of unrelated individuals withA sample of unrelated individuals with

schizophrenia was recruited from out-schizophrenia was recruited from out-

patient and in-patient clinical settings andpatient and in-patient clinical settings and

from volunteer support organisations with-from volunteer support organisations with-

in the UK. These individuals were assessedin the UK. These individuals were assessed

using the Schedule for Assessment of Neu-using the Schedule for Assessment of Neu-

ropsychiatric Disorders semi-structured in-ropsychiatric Disorders semi-structured in-

terview (SCAN; Wingterview (SCAN; Wing et alet al, 1990), 1990)

together with case-note review wherevertogether with case-note review wherever

possible. The Operational Criteria Check-possible. The Operational Criteria Check-

list (OPCRIT; McGuffinlist (OPCRIT; McGuffin et alet al, 1991) and, 1991) and

Global Assessment Scale (GAS; EndicottGlobal Assessment Scale (GAS; Endicott

et alet al, 1976) were also completed. High, 1976) were also completed. High

levels of reliability (levels of reliability (kk440.8) were achieved0.8) were achieved

between raters for diagnoses and ratingbetween raters for diagnoses and rating

scale items. Controls were unrelated bloodscale items. Controls were unrelated blood

donors ascertained from the same regionsdonors ascertained from the same regions

as the majority of the patients. Given theas the majority of the patients. Given the

prevalence of schizophrenia and the factprevalence of schizophrenia and the fact

that people taking regular medication can-that people taking regular medication can-

not be blood donors in the UK, it was notnot be blood donors in the UK, it was not

deemed necessary to screen the controldeemed necessary to screen the control

group for schizophrenia to retain statisticalgroup for schizophrenia to retain statistical

power (Owenpower (Owen et alet al, 1997). Ethical approval, 1997). Ethical approval

was granted for this study and informedwas granted for this study and informed

consent was obtained from all participants.consent was obtained from all participants.

All study participants were White, withAll study participants were White, with

both parents born in the UK or Ireland. Allboth parents born in the UK or Ireland. All

cases of schizophrenia satisfied DSM–IVcases of schizophrenia satisfied DSM–IV

criteria (American Psychiatric Association,criteria (American Psychiatric Association,

1994) for consensus lifetime diagnosis of1994) for consensus lifetime diagnosis of

the disorder, made by two independentthe disorder, made by two independent

raters. The following phenotypes, deter-raters. The following phenotypes, deter-

minedmined a prioria priori, were examined in relation, were examined in relation

to –86C/T and rs1049353 genotype:to –86C/T and rs1049353 genotype:

(a)(a) age at onset, defined as the age at whichage at onset, defined as the age at which

psychiatric help for psychotic symp-psychiatric help for psychotic symp-

toms was first sought;toms was first sought;

(b)(b) worst-ever GAS score, ranging from 0worst-ever GAS score, ranging from 0

(most severe) to 100 (least severe);(most severe) to 100 (least severe);
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(c)(c) poor outcome, defined as either non-poor outcome, defined as either non-

continuous or continuous course ofcontinuous or continuous course of

illness;illness;

(d)(d) standardised, continuous symptomstandardised, continuous symptom

dimensions obtained by factor analysisdimensions obtained by factor analysis

of OPCRIT psychosis items, corre-of OPCRIT psychosis items, corre-

sponding to paranoid delusions andsponding to paranoid delusions and

hallucinations; disorganised symptoms;hallucinations; disorganised symptoms;

negative symptoms; and first-ranknegative symptoms; and first-rank

delusions.delusions.

Data on tobacco and cannabis use wereData on tobacco and cannabis use were

obtained from interview and case-noteobtained from interview and case-note

records for 657 of the schizophrenia group.records for 657 of the schizophrenia group.

Questions regarding the age at which theQuestions regarding the age at which the

person first started using cannabis orperson first started using cannabis or

tobacco were only introduced during thetobacco were only introduced during the

latter part of the sample recruitment, andlatter part of the sample recruitment, and

these data were therefore available for onlythese data were therefore available for only

22% of cases in which the person reported22% of cases in which the person reported

ever using these substances. Substance useever using these substances. Substance use

data were not collected initially for the con-data were not collected initially for the con-

trol group, and unfortunately most mem-trol group, and unfortunately most mem-

bers of the control group were not askedbers of the control group were not asked

at the initial interview for permission toat the initial interview for permission to

contact them again for further information.contact them again for further information.

As a result of this, cannabis use data wereAs a result of this, cannabis use data were

available for only 116 controls and tobaccoavailable for only 116 controls and tobacco

use data for 49 controls.use data for 49 controls.

GenotypingGenotyping

TheThe CHRNA7CHRNA7 promoter polymorphismpromoter polymorphism

–86C/T was genotyped as a restriction-–86C/T was genotyped as a restriction-

fragment length polymorphism using thefragment length polymorphism using the

restriction enzymerestriction enzyme Hph1Hph1 (New England(New England

Biolabs, Ipswich, Massachusetts, USA). TheBiolabs, Ipswich, Massachusetts, USA). The

primers were 5primers were 5’’-agtacctcccgctcacacctcg-3-agtacctcccgctcacacctcg-3’’
and 5and 5’’-atgttgagtcccggagctg-3-atgttgagtcccggagctg-3’’ as used byas used by

LeonardLeonard et alet al (2002). The product was am-(2002). The product was am-

plified using the GC-RICH PCR Systemplified using the GC-RICH PCR System

(Roche Diagnostics, Basel, Switzerland),(Roche Diagnostics, Basel, Switzerland),

and the 272 base pairs fragment wasand the 272 base pairs fragment was

digested withdigested with Hph1Hph1 resulting in two frag-resulting in two frag-

ments of 79 bp and 193 bp with the T allele.ments of 79 bp and 193 bp with the T allele.

The products were run out on a 1.5%The products were run out on a 1.5%

agarose gel and visualised using ethidiumagarose gel and visualised using ethidium

bromide.bromide.

TheThe CNR1CNR1 polymorphism rs1049353polymorphism rs1049353

was genotyped by fluorescence polarisationwas genotyped by fluorescence polarisation

using an AcycloPrime kit (PerkinElmer,using an AcycloPrime kit (PerkinElmer,

Waltham, Massachusetts, USA) and theWaltham, Massachusetts, USA) and the

output was read on an LJL Biosystemsoutput was read on an LJL Biosystems

(Sunnyvale, California, USA) plate reader.(Sunnyvale, California, USA) plate reader.

A 297 bp amplimere was amplified usingA 297 bp amplimere was amplified using

primers 5primers 5’’-ttccctcttgtgaaggcact-3-ttccctcttgtgaaggcact-3’’ and 5and 5’’--
tcattgagcatggtaaagtt-3tcattgagcatggtaaagtt-3’’. The SNP was at. The SNP was at

position 125. The extension primer usedposition 125. The extension primer used

in the fluorescence polarisation assay wasin the fluorescence polarisation assay was

55’’-catggttaccttggcaatcttgac-3-catggttaccttggcaatcttgac-3’’. The. The COMTCOMT

markers were genotyped using SNaPshotmarkers were genotyped using SNaPshot

(Applied Biosystems, Foster City, California,(Applied Biosystems, Foster City, California,

USA) using an ABI3100 sequencer. DetailsUSA) using an ABI3100 sequencer. Details

of primers and reaction conditions are pro-of primers and reaction conditions are pro-

vided in Appendix 1 at http://www.cardiff.vided in Appendix 1 at http://www.cardiff.

ac.uk/medicine/psychological_medicine/pub_ac.uk/medicine/psychological_medicine/pub_

data/comt.htm.data/comt.htm.

AnalysisAnalysis

The reference participants for the analysesThe reference participants for the analyses

were those with genotypes that were CCwere those with genotypes that were CC

homozygous for –86C/T, GG homozygoushomozygous for –86C/T, GG homozygous

for rs1049353, AA homozygous forfor rs1049353, AA homozygous for

rs737865, AA homozygous for rs165599,rs737865, AA homozygous for rs165599,

and homozygous for the Met allele atand homozygous for the Met allele at

ValVal158158Met withinMet within COMTCOMT. Only 0.4% of. Only 0.4% of

our participants were homozygous forour participants were homozygous for

the T allele at the –86C/T locus, andthe T allele at the –86C/T locus, and

they were therefore grouped with the C/Tthey were therefore grouped with the C/T

heterozygotes.heterozygotes.

Logistic regression was used to examineLogistic regression was used to examine

associations between dichotomous out-associations between dichotomous out-

comes and genotypes. A dominance geneticcomes and genotypes. A dominance genetic

model, as described above, was examinedmodel, as described above, was examined

for –86C/T, whereas additive models werefor –86C/T, whereas additive models were

used for theused for the CNR1CNR1 andand COMTCOMT variantsvariants

(Lewis, 2002). For the study of continuous(Lewis, 2002). For the study of continuous

phenotypic outcomes, linear regression wasphenotypic outcomes, linear regression was

used. However, for age at onset, whereused. However, for age at onset, where

assumptions of normality were not met, dataassumptions of normality were not met, data

were ln-transformed prior to regressionwere ln-transformed prior to regression

modelling. Statistical interactions on amodelling. Statistical interactions on a

multiplicative scale between substance usemultiplicative scale between substance use

and genotype on risk of schizophrenia wereand genotype on risk of schizophrenia were

investigated using a likelihood ratio testinvestigated using a likelihood ratio test

within the logistic regression models. Forwithin the logistic regression models. For

ValVal158158Met, however, as no association wasMet, however, as no association was

observed between this SNP and cannabisobserved between this SNP and cannabis

use in the Dunedin cohort (Caspiuse in the Dunedin cohort (Caspi et alet al,,

2005), we used a case-only approach to2005), we used a case-only approach to

investigate possible gene–environmentinvestigate possible gene–environment

interactions because this is statisticallyinteractions because this is statistically

more powerful (Khoury & Flanders,more powerful (Khoury & Flanders,

1996). The case-only analysis was also used1996). The case-only analysis was also used

for rs737865 and rs165599 withinfor rs737865 and rs165599 within COMTCOMT..

Haplotypes forHaplotypes for COMTCOMT were examinedwere examined

using UNPHASED, version 3.0 (Dudbridge,using UNPHASED, version 3.0 (Dudbridge,

2003).2003).

This study had greater than 95% powerThis study had greater than 95% power

to detect an additive genetic effect with anto detect an additive genetic effect with an

odds ratio of 1.4 or above atodds ratio of 1.4 or above at aa¼0.05 for0.05 for

thethe CNR1CNR1 andand COMTCOMT variants examined.variants examined.

This study also had greater than 95%This study also had greater than 95%

power to find an association betweenpower to find an association between

–86C/T variation and schizophrenia based–86C/T variation and schizophrenia based

on frequencies of CC genotype of 0.91 inon frequencies of CC genotype of 0.91 in

the control group and 0.84 in the schizo-the control group and 0.84 in the schizo-

phrenia group, as observed by Leonardphrenia group, as observed by Leonard etet

alal (2002). The interaction odds ratio(2002). The interaction odds ratio

previously reported for cannabis andpreviously reported for cannabis and

ValVal158158Met was 3.5 (CaspiMet was 3.5 (Caspi et alet al, 2005),, 2005),

and our case-only approach had more thanand our case-only approach had more than

90% power to detect an interaction odds90% power to detect an interaction odds

ratio of as low as 1.5, atratio of as low as 1.5, at aa¼0.05.0.05.

Sensitivity analysisSensitivity analysis

Some participants were likely to haveSome participants were likely to have

started using tobacco or cannabis after thestarted using tobacco or cannabis after the

onset of schizophrenia and it is possibleonset of schizophrenia and it is possible

that this could obscure and complicatethat this could obscure and complicate

interpretation of results from this study.interpretation of results from this study.

Examination of the association betweenExamination of the association between

schizophrenia and genotypes was thereforeschizophrenia and genotypes was therefore

repeated with analyses restricted to casesrepeated with analyses restricted to cases

where the onset of substance use was re-where the onset of substance use was re-

ported to be at least 1 year prior to age atported to be at least 1 year prior to age at

schizophrenia onset.schizophrenia onset.

RESULTSRESULTS

There were 838 participants with schizo-There were 838 participants with schizo-

phrenia who were genotyped for any ofphrenia who were genotyped for any of

CNR1CNR1 ((nn¼797),797), CHRNA7CHRNA7 ((nn¼750) or750) or

COMTCOMT ((nn¼575). Data on cannabis and575). Data on cannabis and

tobacco use were missing for 96 (11.5%)tobacco use were missing for 96 (11.5%)

and 107 (12.8%) of these respectively. Ofand 107 (12.8%) of these respectively. Of

those with substance use data, 276 parti-those with substance use data, 276 parti-

cipants (37.2%) had ever used cannabis,cipants (37.2%) had ever used cannabis,

and 531 (72.6%) had ever used tobacco.and 531 (72.6%) had ever used tobacco.

CHRNA7CHRNA7

The –86C/T genotypes were in Hardy–The –86C/T genotypes were in Hardy–

Weinberg equilibrium in both the schizo-Weinberg equilibrium in both the schizo-

phrenia group (phrenia group (ww22¼0.01,0.01, PP¼0.76) and the0.76) and the

control group (control group (ww22¼0.01,0.01, PP¼0.92). As0.92). As

shown in Table 1, there was no evidenceshown in Table 1, there was no evidence

for any association between –86C/T geno-for any association between –86C/T geno-

type and schizophrenia (CT/TT genotypestype and schizophrenia (CT/TT genotypes

OROR¼ 1.07, 95% CI 0.77–1.49;1.07, 95% CI 0.77–1.49; PP¼0.70).0.70).

There was little evidence of any differenceThere was little evidence of any difference

in the effect of genotype on schizophreniain the effect of genotype on schizophrenia

between those who smoked (schizophreniabetween those who smoked (schizophrenia

groupgroup nn¼473, controls473, controls nn¼24; OR24; OR¼3.0,3.0,

95% CI 0.4–22.9) and those who did not95% CI 0.4–22.9) and those who did not

(schizophrenia group(schizophrenia group nn¼186, controls186, controls

nn¼25; OR25; OR¼1.7, 95% CI 0.4–7.7;1.7, 95% CI 0.4–7.7;

interaction likelihood ratio testinteraction likelihood ratio test ww22¼0.21,0.21,

d.f.d.f.¼1,1, PP¼0.65). As tobacco use data were0.65). As tobacco use data were

available only for a small proportion of theavailable only for a small proportion of the

control group, a more powerful case-onlycontrol group, a more powerful case-only

analysis was also used, and this also failedanalysis was also used, and this also failed

to provide any evidence for interactionto provide any evidence for interaction

((nn¼659; odds ratio for tobacco use by659; odds ratio for tobacco use by

CHRNA7CHRNA7 genotype 0.89, 95% CI 0.53–genotype 0.89, 95% CI 0.53–

1.48).1.48).

There were 123 in the schizophreniaThere were 123 in the schizophrenia

group with data relating to age of firstgroup with data relating to age of first

using tobacco, and 104 (85%) of theseusing tobacco, and 104 (85%) of these
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claimed to have started using tobacco priorclaimed to have started using tobacco prior

to the onset of schizophrenia. In the sensi-to the onset of schizophrenia. In the sensi-

tivity analysis there was similarly little evi-tivity analysis there was similarly little evi-

dence of any difference in the effect ofdence of any difference in the effect of

genotype on schizophrenia between non-genotype on schizophrenia between non-

smokers and those smoking prior to illnesssmokers and those smoking prior to illness

onset (onset (nn¼110; OR110; OR¼2.7, 95% CI 0.3–22.3;2.7, 95% CI 0.3–22.3;

interactioninteraction ww22¼0.1, d.f.0.1, d.f.¼1,1, PP¼0.73).0.73).

Another way of presenting these data isAnother way of presenting these data is

to examine the relationship betweento examine the relationship between

tobacco use and schizophrenia stratifiedtobacco use and schizophrenia stratified

by –86C/T genotype. Tobacco use wasby –86C/T genotype. Tobacco use was

strongly associated with schizophrenia instrongly associated with schizophrenia in

the whole sample (ORthe whole sample (OR¼4.4. 95% CI 3.3–4.4. 95% CI 3.3–

6.0;6.0; PP550.001), with no evidence of any0.001), with no evidence of any

interaction when stratified by genotypeinteraction when stratified by genotype

(CC genotype OR(CC genotype OR¼2.6, 95% CI 1.4–4.7;2.6, 95% CI 1.4–4.7;

CT/TT genotypes ORCT/TT genotypes OR¼4.6, 95% CI 0.4–4.6, 95% CI 0.4–

53.0; interaction likelihood ratio test as53.0; interaction likelihood ratio test as

above,above, PP¼0.65). Tobacco use was not asso-0.65). Tobacco use was not asso-

ciated with –86C/T genotype (ORciated with –86C/T genotype (OR¼0.9,0.9,

95% CI 0.5–1.5).95% CI 0.5–1.5).

Results for associations between –86C/TResults for associations between –86C/T

genotype and various phenotypes withingenotype and various phenotypes within

schizophrenia are presented in Table 2.schizophrenia are presented in Table 2.

There was weak evidence (There was weak evidence (PP¼0.07) that0.07) that

participants with the CT/TT genotypesparticipants with the CT/TT genotypes

had a younger age of onset, by approxi-had a younger age of onset, by approxi-

mately 2 years on average, than thosemately 2 years on average, than those

homozygous for the C allele.homozygous for the C allele.

CNR1CNR1

Genotypes at rs1049353 were in Hardy–Genotypes at rs1049353 were in Hardy–

Weinberg equilibrium in both the schizo-Weinberg equilibrium in both the schizo-

phrenia group (phrenia group (ww22¼ 0.56,0.56, PP¼0.44) and0.44) and

controls (controls (ww22¼1.0,1.0, PP¼0.36). As shown in0.36). As shown in

Table 1, there was no evidence for anyTable 1, there was no evidence for any

association between rs1049353 genotypeassociation between rs1049353 genotype

and schizophrenia (odds ratio for linearand schizophrenia (odds ratio for linear

trend of genotypes 0.97, 95% CI 0.82–trend of genotypes 0.97, 95% CI 0.82–

1.13;1.13; PP¼0.66).0.66).

There was little evidence of any differ-There was little evidence of any differ-

ence in the effect of rs1049353 genotypeence in the effect of rs1049353 genotype

on schizophrenia between those who didon schizophrenia between those who did

not use cannabis (schizophrenia groupnot use cannabis (schizophrenia group

nn¼445, controls445, controls nn¼93; OR93; OR¼1.04, 95%1.04, 95%

CI 0.73–1.47) and those who did (schizo-CI 0.73–1.47) and those who did (schizo-

phrenia groupphrenia group nn¼261, controls261, controls nn¼23;23;

OROR¼0.92, 95% CI 0.48–1.75; interaction0.92, 95% CI 0.48–1.75; interaction

ww22¼0.11, d.f.0.11, d.f.¼1,1, PP¼0.74). As cannabis0.74). As cannabis

use data were again available for only ause data were again available for only a

small proportion of the control group, asmall proportion of the control group, a

case-only analysis was used, and this alsocase-only analysis was used, and this also

failed to provide any evidence for inter-failed to provide any evidence for inter-

action (action (nn¼706; odds ratio for cannabis706; odds ratio for cannabis

use byuse by CNR1CNR1 genotype 0.83, 95% CIgenotype 0.83, 95% CI

0.65–1.05).0.65–1.05).

As part of the sensitivity analysis, thereAs part of the sensitivity analysis, there

were 71 individuals in the schizophreniawere 71 individuals in the schizophrenia

group with data relating to age of firstgroup with data relating to age of first

using cannabis, and 64 (90%) of theseusing cannabis, and 64 (90%) of these

reported first use prior to onset of schizo-reported first use prior to onset of schizo-

phrenia. As in the main analysis, therephrenia. As in the main analysis, there

was little evidence of any difference in thewas little evidence of any difference in the

effect of rs1049353 genotype on schizo-effect of rs1049353 genotype on schizo-

phrenia between those who did not usephrenia between those who did not use

cannabis and those who claimed to havecannabis and those who claimed to have

used cannabis at least 1 year prior to illnessused cannabis at least 1 year prior to illness

onset (onset (nn¼614; OR614; OR¼0.84, 95% CI 0.40–0.84, 95% CI 0.40–

1.78; interaction1.78; interaction ww22¼0.26, d.f.0.26, d.f.¼1,1, PP¼0.61).0.61).

Presenting these data in another way,Presenting these data in another way,

there was a strong association betweenthere was a strong association between

cannabis use and schizophrenia in thiscannabis use and schizophrenia in this

sample (ORsample (OR¼2.6, 95% CI 1.8–3.7;2.6, 95% CI 1.8–3.7;

PP550.001), with no evidence of any differ-0.001), with no evidence of any differ-

ence when stratified by rs1049353 geno-ence when stratified by rs1049353 geno-

type (GG genotype ORtype (GG genotype OR¼2.3, 95% CI 1.2–2.3, 95% CI 1.2–

4.4; GA genotype OR4.4; GA genotype OR¼3.1, 95% CI 1.3–3.1, 95% CI 1.3–

7.2; AA genotype OR7.2; AA genotype OR¼1.1, 95% CI 0.2–1.1, 95% CI 0.2–

4.6; interaction likelihood ratio test as4.6; interaction likelihood ratio test as

above,above, PP¼0.33). There was no evidence0.33). There was no evidence

for any association between rs1049353for any association between rs1049353

genotype and various phenotypes withingenotype and various phenotypes within

schizophrenia (Table 2).schizophrenia (Table 2).

COMTCOMT

There was no evidence for any associationThere was no evidence for any association

between Valbetween Val158158MetMet genotype and cannabisgenotype and cannabis

use in our sample of 493 persons withuse in our sample of 493 persons with

schizophrenia (ORschizophrenia (OR¼0.98, 95% CI 0.76–0.98, 95% CI 0.76–

1.27,1.27, PP¼0.89). Results were almost identi-0.89). Results were almost identi-

cal when restricting the analysis to partici-cal when restricting the analysis to partici-

pants who first used cannabis at least 1pants who first used cannabis at least 1

year prior to their illness onset and whoyear prior to their illness onset and who

had first used it by age 18 years or earlierhad first used it by age 18 years or earlier

((nn¼338; OR338; OR¼0.76, 95% CI 0.41–1.40;0.76, 95% CI 0.41–1.40;

PP¼0.38). Similarly, there was no evidence0.38). Similarly, there was no evidence

that variation at rs737865 or rs165599that variation at rs737865 or rs165599

was associated with cannabis use in thewas associated with cannabis use in the

case-only analysis, even when restrictingcase-only analysis, even when restricting

the analysis to first use of cannabis at leastthe analysis to first use of cannabis at least

1 year prior to illness onset and first use by1 year prior to illness onset and first use by

age 18 years or earlier (rs737865,age 18 years or earlier (rs737865,

OROR¼1.09, 95% CI 0.56–2.00; rs165599,1.09, 95% CI 0.56–2.00; rs165599,

OROR¼1.09, 95% CI 0.57–2.08). There was1.09, 95% CI 0.57–2.08). There was

no evidence of overall haplotype associa-no evidence of overall haplotype associa-

tion with cannabis use (tion with cannabis use (ww22¼4.7, d.f.4.7, d.f.¼7,7,

PP¼0.69) or of specific association with the0.69) or of specific association with the

rs737865–4680–165599 GGG haplotypers737865–4680–165599 GGG haplotype

((ww22¼0.001, d.f.0.001, d.f.¼1,1, PP¼0.98).0.98).

DISCUSSIONDISCUSSION

There was no evidence for any associationThere was no evidence for any association

betweenbetween CHRNA7CHRNA7 oror CNR1CNR1 genotypegenotype

and schizophrenia in our sample, and alsoand schizophrenia in our sample, and also
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Table1Table1 Association betweenAssociation between CHRNA7CHRNA7 (^86C/T) and(^86C/T) and CNR1CNR1 (rs1049353) genotypes and schizophrenia(rs1049353) genotypes and schizophrenia

Number (%) by genotypeNumber (%) by genotype TotalTotal OR (95% CI)OR (95% CI)

^86C/T^86C/T CCCC CTCT TTTT

Control groupControl group 548 (88.7)548 (88.7) 68 (11.0)68 (11.0) 2 (0.3)2 (0.3) 618618 1.01.0

Schizophrenia groupSchizophrenia group 660 (88.0)660 (88.0) 87 (11.6)87 (11.6) 3 (0.4)3 (0.4) 750750 1.07 (0.77^1.49)1.07 (0.77^1.49)11

rsrs10493531049353 GGGG GAGA AAAA

Control groupControl group 335 (48.7)335 (48.7) 298 (43.3)298 (43.3) 55 (8.0)55 (8.0) 688688 1.01.0

Schizophrenia groupSchizophrenia group 407 (51.1)407 (51.1) 319 (40.0)319 (40.0) 71 (8.9)71 (8.9) 797797 0.97 (0.82^1.13)0.97 (0.82^1.13)22

1. In CT/TT1. In CT/TT v.v.CC.CC.
2. Per A allele.2. Per A allele.

Table 2Table 2 Effect estimates for phenotype characteristics according toEffect estimates for phenotype characteristics according to CHRNA7CHRNA7 (^86C/T) and(^86C/T) and CNR1CNR1

(rs1049353) genotypes in participants with schizophrenia(rs1049353) genotypes in participants with schizophrenia

^86C/T^86C/T11 rs1049353rs104935322

bb (95% CI)(95% CI) PP bb (95% CI)(95% CI) PP

Age at onsetAge at onset33 770.06 (0.06 (770.13 to 0.01)0.13 to 0.01) 0.070.07 0.01 (0.01 (770.02 to 0.05)0.02 to 0.05) 0.430.43

GAS scoreGAS score 770.9 (0.9 (772.7 to 0.9)2.7 to 0.9) 0.340.34 0.02 (0.02 (770.86 to 0.90)0.86 to 0.90) 0.970.97

Paranoid delusionsParanoid delusions 770.05 (0.05 (770.3 to 0.2)0.3 to 0.2) 0.700.70 770.09 (0.09 (770.21 to 0.03)0.21 to 0.03) 0.140.14

Disorganised symptomsDisorganised symptoms 0.11 (0.11 (770.1 to 0.4)0.1 to 0.4) 0.400.40 0.07 (0.07 (770.05 to 0.19)0.05 to 0.19) 0.260.26

Negative symptomsNegative symptoms 0.01 (0.01 (770.2 to 0.3)0.2 to 0.3) 0.960.96 0.03 (0.03 (770.09 to 0.15)0.09 to 0.15) 0.610.61

First-rank delusionsFirst-rank delusions 770.01 (0.01 (770.3 to 0.2)0.3 to 0.2) 0.910.91 770.03 (0.03 (770.15 to 0.09)0.15 to 0.09) 0.620.62

Poor outcomePoor outcome OROR¼1.30 (0.8 to 2.1)1.30 (0.8 to 2.1) 0.290.29 OROR¼1.03 (0.81 to 1.29)1.03 (0.81 to 1.29) 0.830.83

GAS,Global Assessment Scale.GAS,Global Assessment Scale.
1. Effect estimate is comparing CCwith CT/TT genotypes for ^86C/T.1. Effect estimate is comparing CCwith CT/TT genotypes for ^86C/T.
2. Effect estimate is per A allele for2. Effect estimate is per A allele for CNR1CNR1..
3. ln transformed.3. ln transformed.
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no evidence of any gene–environment in-no evidence of any gene–environment in-

teractions between tobacco use andteractions between tobacco use and

CHRNA7CHRNA7, or cannabis use and, or cannabis use and CNR1CNR1 oror

COMTCOMT genotype.genotype.

CHRNA7CHRNA7 and tobacco useand tobacco use

There have been few association studies ofThere have been few association studies of

polymorphisms withinpolymorphisms within CHRNA7CHRNA7 andand

schizophrenia to date. Leonardschizophrenia to date. Leonard et alet al

(2002) screened the core promoter region(2002) screened the core promoter region

of the full-length gene and reported anof the full-length gene and reported an

association between schizophrenia andassociation between schizophrenia and

variant –86C/T. Although we found novariant –86C/T. Although we found no

evidence for an association between theevidence for an association between the

promoter SNP –86C/T and schizophrenia,promoter SNP –86C/T and schizophrenia,

CT/TT genotypes occurred slightly moreCT/TT genotypes occurred slightly more

frequently in participants with schizo-frequently in participants with schizo-

phrenia than in controls, in a direction con-phrenia than in controls, in a direction con-

sistent with the findings by Leonardsistent with the findings by Leonard et alet al

(2002). However, we observed a much(2002). However, we observed a much

smaller difference in CC frequency of lesssmaller difference in CC frequency of less

than 1%, as opposed to the 7% reportedthan 1%, as opposed to the 7% reported

in the original study (Leonardin the original study (Leonard et alet al, 2002)., 2002).

People with schizophrenia commonlyPeople with schizophrenia commonly

display evidence of sensory attention im-display evidence of sensory attention im-

pairments (Adlerpairments (Adler et alet al, 1982; Leonard, 1982; Leonard etet

alal, 1996), including deficits in pre-pulse in-, 1996), including deficits in pre-pulse in-

hibition and P50 gating response (Braff &hibition and P50 gating response (Braff &

Saccuzzo, 1985; BraffSaccuzzo, 1985; Braff et alet al, 1992; Waldo, 1992; Waldo

et alet al, 1994). Improvements in such neuro-, 1994). Improvements in such neuro-

physiological deficits in people with schizo-physiological deficits in people with schizo-

phrenia following cigarette smoking havephrenia following cigarette smoking have

been reported (Adlerbeen reported (Adler et alet al, 1993; Olincy, 1993; Olincy etet

alal, 1998), with similar improvements ob-, 1998), with similar improvements ob-

served following nicotine administrationserved following nicotine administration

in animal models (Bickford & Wear,in animal models (Bickford & Wear,

1995; Stevens1995; Stevens et alet al, 1996, 1998). Specific, 1996, 1998). Specific

agonists of theagonists of the aa77 receptor (CHRNA7) nor-receptor (CHRNA7) nor-

malise sensory gating deficits in animalmalise sensory gating deficits in animal

models (Stevensmodels (Stevens et alet al, 1998), whereas evi-, 1998), whereas evi-

dence for genetic linkage to the P50 deficitdence for genetic linkage to the P50 deficit

and, to a lesser extent, to schizophrenia,and, to a lesser extent, to schizophrenia,

has been reported for chromosome bandhas been reported for chromosome band

15q14, an area that contains CHRNA715q14, an area that contains CHRNA7

(Coon(Coon et alet al, 1993; Freedman, 1993; Freedman et alet al, 1997;, 1997;

LeonardLeonard et alet al, 1998)., 1998).

Despite this support, from a variety ofDespite this support, from a variety of

sources, thatsources, that CHRNA7CHRNA7 is a good candidateis a good candidate

gene for schizophrenia, there is weak evi-gene for schizophrenia, there is weak evi-

dence at present that variation within thisdence at present that variation within this

gene is associated with the disorder (Rileygene is associated with the disorder (Riley

et alet al, 2000; Xu, 2000; Xu et alet al, 2001; Leonard, 2001; Leonard et alet al,,

2002; Gault2002; Gault et alet al, 2003; Li, 2003; Li et alet al, 2004;, 2004;

FanFan et alet al, 2006). However, given the, 2006). However, given the

findings from experimental studies of thefindings from experimental studies of the

effect of nicotine on neurophysiologicaleffect of nicotine on neurophysiological

deficits in both animal models and humans,deficits in both animal models and humans,

as described earlier, it may be that anyas described earlier, it may be that any

association betweenassociation between CHRNA7CHRNA7 andand

schizophrenia is mediated by impairmentsschizophrenia is mediated by impairments

in sensory gating or other related physiolo-in sensory gating or other related physiolo-

gical responses. In the study by Leonardgical responses. In the study by Leonard etet

alal (2002), presence of the T allele at –(2002), presence of the T allele at –

86C/T was also associated with reduced in-86C/T was also associated with reduced in-

hibition of the P50 response in the controlhibition of the P50 response in the control

group, and although two other studies didgroup, and although two other studies did

not replicate this finding (Gaultnot replicate this finding (Gault et alet al,,

2003; Houy2003; Houy et alet al, 2004), one reported an, 2004), one reported an

association between P50 sensory gating re-association between P50 sensory gating re-

sponse and another promoter variant, –sponse and another promoter variant, –

194G/C (Houy194G/C (Houy et alet al, 2004). There is a clear, 2004). There is a clear

need for research intoneed for research into CHRNA7CHRNA7 variationvariation

in relation to neurophysiological deficitsin relation to neurophysiological deficits

in well-designed and adequately poweredin well-designed and adequately powered

studies to address this further.studies to address this further.

CNR1CNR1,,COMTCOMT and cannabisand cannabis

We found no evidence of association be-We found no evidence of association be-

tween thetween the CNR1CNR1 locus rs1049353 andlocus rs1049353 and

schizophrenia, consistent with the overallschizophrenia, consistent with the overall

findings previously reported for this variantfindings previously reported for this variant

from two much smaller studies (Leroyfrom two much smaller studies (Leroy et alet al,,

2001; Ujike2001; Ujike et alet al, 2002), although one of, 2002), although one of

these reported an association in a subgroupthese reported an association in a subgroup

analysis (Leroyanalysis (Leroy et alet al, 2001). Two studies, 2001). Two studies

have reported associations between schizo-have reported associations between schizo-

phrenia and variation within an (AAT)phrenia and variation within an (AAT)nn
microsatellite approximately 20 kb up-microsatellite approximately 20 kb up-

stream of the translational start site ofstream of the translational start site of

CNR1CNR1 (Ujike(Ujike et alet al, 2002; Martinez-Gras, 2002; Martinez-Gras

et alet al, 2006). However, different alleles were, 2006). However, different alleles were

associated with increased risk in these twoassociated with increased risk in these two

studies, and the association in one of thestudies, and the association in one of the

studies was again observed only for astudies was again observed only for a

subgroup of participants, this time withsubgroup of participants, this time with

hebephrenic schizophrenia.hebephrenic schizophrenia.

TheThe CNR1CNR1 gene is located on 6q14–15,gene is located on 6q14–15,

a region of replicated linkage for schizo-a region of replicated linkage for schizo-

phrenia (Lewisphrenia (Lewis et alet al, 2003). There are four, 2003). There are four

SNPs withinSNPs within CNR1CNR1 on HapMap that haveon HapMap that have

a heterozygosity in European populationsa heterozygosity in European populations

greater than 0.1; three of these are in thegreater than 0.1; three of these are in the

33’’ untranslated region whereas rs1049353untranslated region whereas rs1049353

is a synonymous SNP found within exonis a synonymous SNP found within exon

1. The relatively small size of1. The relatively small size of CNR1CNR1, the, the

limited variation within the gene and itslimited variation within the gene and its

linkage disequilibrium structure mean it islinkage disequilibrium structure mean it is

unlikely that a substantial effect on schizo-unlikely that a substantial effect on schizo-

phrenia risk is conferred by variation with-phrenia risk is conferred by variation with-

in this gene, given our findings and the lackin this gene, given our findings and the lack

of other consistent associations reported toof other consistent associations reported to

date.date.

We also failed to find any supportingWe also failed to find any supporting

evidence for a differential effect of cannabisevidence for a differential effect of cannabis

use on psychosis risk according to variationuse on psychosis risk according to variation

at Valat Val158158Met withinMet within COMTCOMT. In the Dunedin. In the Dunedin

study evidence for an interaction was ob-study evidence for an interaction was ob-

served only for people first using cannabisserved only for people first using cannabis

by age 18 years, but not for those using itby age 18 years, but not for those using it

after this age (Caspiafter this age (Caspi et alet al, 2005). One ex-, 2005). One ex-

planation proposed for this was that thereplanation proposed for this was that there

may exist a sensitive or even critical periodmay exist a sensitive or even critical period

of risk when the influence of cannabis ex-of risk when the influence of cannabis ex-

posure is moderated byposure is moderated by COMTCOMT genotype.genotype.

In our study we failed to find evidence forIn our study we failed to find evidence for

an interaction between cannabis use andan interaction between cannabis use and

COMTCOMT genotype even when restricting thegenotype even when restricting the

analysis to participants who claimed toanalysis to participants who claimed to

have first used cannabis by the same cut-have first used cannabis by the same cut-

off period of age 18 years, despite moreoff period of age 18 years, despite more

than adequate statistical power to replicatethan adequate statistical power to replicate

the original findings. Furthermore, in con-the original findings. Furthermore, in con-

trast to the findings by Caspitrast to the findings by Caspi et alet al (2005),(2005),

cannabis use by age 18 years was actuallycannabis use by age 18 years was actually

less common in participants with schizo-less common in participants with schizo-

phrenia homozygous for the Val allelephrenia homozygous for the Val allele

compared with those heterozygous for thiscompared with those heterozygous for this

allele or homozygous for Met (5.3%,allele or homozygous for Met (5.3%,

6.4% and 8.7% respectively),6.4% and 8.7% respectively), although thisalthough this

was not significantly different.was not significantly different.

Limitations to the interpretation ofLimitations to the interpretation of
our resultsour results

This study was adequately powered to ex-This study was adequately powered to ex-

amine main effects on risk of schizo-amine main effects on risk of schizo-

phrenia, suggesting it is unlikely thatphrenia, suggesting it is unlikely that

variations invariations in CNR1CNR1 oror CHRNA7CHRNA7 areare

important risk factors for schizophrenia.important risk factors for schizophrenia.

Furthermore, this study was adequatelyFurthermore, this study was adequately

powered for studies of interactions using apowered for studies of interactions using a

case-only design, but this approach iscase-only design, but this approach is

dependent on the assumption of nodependent on the assumption of no

genotype–exposure association in the popu-genotype–exposure association in the popu-

lation. Forlation. For COMTCOMT this assumption is likelythis assumption is likely

to be a reasonable one, given that no asso-to be a reasonable one, given that no asso-

ciation with cannabis use was observed inciation with cannabis use was observed in

the Dunedin cohort (Caspithe Dunedin cohort (Caspi et alet al, 2005)., 2005).

However, this assumption may be lessHowever, this assumption may be less

likely to hold true forlikely to hold true for CNR1CNR1 oror CHRNA7CHRNA7,,

given that cannabis and nicotine actgiven that cannabis and nicotine act

through receptors coded for by these genes,through receptors coded for by these genes,

and also given the sporadic reports of asso-and also given the sporadic reports of asso-

ciations between cannabis and tobacco de-ciations between cannabis and tobacco de-

pendence andpendence and CNR1CNR1//CHRNA7CHRNA7 genotypesgenotypes

(Greenbaum(Greenbaum et alet al, 2006; Hopfer, 2006; Hopfer et alet al,,

2006). For that reason we also conducted2006). For that reason we also conducted

studies of interactions betweenstudies of interactions between CNR1CNR1 andand

cannabis as well as betweencannabis as well as between CHRNA7CHRNA7

and tobacco using a more traditionaland tobacco using a more traditional

case–control approach, although statisticalcase–control approach, although statistical

power to exclude anything other than largepower to exclude anything other than large

interaction effects for these two genes usinginteraction effects for these two genes using

this latter approach was limited.this latter approach was limited.

Although we genotyped three SNPs inAlthough we genotyped three SNPs in

COMTCOMT that together form a haplotype re-that together form a haplotype re-

ported to be significantly associated withported to be significantly associated with

schizophrenia (Shifmanschizophrenia (Shifman et alet al, 2002), we, 2002), we
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only genotyped one SNP in each ofonly genotyped one SNP in each of CNR1CNR1

andand CHRNA7CHRNA7. It is not possible therefore. It is not possible therefore

to rule out causal effects of variants withinto rule out causal effects of variants within

these genes that are not in strong linkagethese genes that are not in strong linkage

disequilibrium with the SNPs we tested.disequilibrium with the SNPs we tested.

However, a strong effect ofHowever, a strong effect of CNR1CNR1 on riskon risk

of schizophrenia seems unlikely, given theof schizophrenia seems unlikely, given the

linkage disequilibrium structure within thislinkage disequilibrium structure within this

gene. Our confidence in ruling out such angene. Our confidence in ruling out such an

effect foreffect for CHRNA7CHRNA7 is lower, although weis lower, although we

did not feel that the evidence we obtaineddid not feel that the evidence we obtained

was strong enough to warrant further geno-was strong enough to warrant further geno-

typing oftyping of CHRNA7CHRNA7 SNPs, especially givenSNPs, especially given

the problems resulting from the partialthe problems resulting from the partial

duplication of this gene, which makes suchduplication of this gene, which makes such

studies inherently more difficult.studies inherently more difficult.

A final limitation of our study is that,A final limitation of our study is that,

unlike the longitudinal data collection inunlike the longitudinal data collection in

the Dunedin cohort, our case–control de-the Dunedin cohort, our case–control de-

sign relied on people recalling age of firstsign relied on people recalling age of first

use of cannabis and relating this in timeuse of cannabis and relating this in time

to the date of their first contact with psychi-to the date of their first contact with psychi-

atric services. Such data seem inherentlyatric services. Such data seem inherently

more likely to be misclassified than pro-more likely to be misclassified than pro-

spectively collected data. It is unclear tospectively collected data. It is unclear to

what extent any such misclassificationwhat extent any such misclassification

might have resulted in an underestimate ofmight have resulted in an underestimate of

the association between cannabis use andthe association between cannabis use and

genotype in our case-only analysis, andgenotype in our case-only analysis, and

therefore obscured any true interaction ef-therefore obscured any true interaction ef-

fect. It would, however, presumably requirefect. It would, however, presumably require

a substantial amount of misclassification toa substantial amount of misclassification to

obscure an interaction effect as strong asobscure an interaction effect as strong as

that reported by Caspi and colleagues,that reported by Caspi and colleagues,

whereby cannabis use was associated withwhereby cannabis use was associated with

a 10-fold increase in risk of psychotic dis-a 10-fold increase in risk of psychotic dis-

order in those homozygous for valine butorder in those homozygous for valine but

had no effect in those homozygous forhad no effect in those homozygous for

methionine (Caspimethionine (Caspi et alet al, 2005). This finding, 2005). This finding

of an interaction effect in the Dunedin co-of an interaction effect in the Dunedin co-

hort was observed only in a subgroup ofhort was observed only in a subgroup of

participants – those using cannabis by ageparticipants – those using cannabis by age

18 years. Similarly, supportive evidence of18 years. Similarly, supportive evidence of

a putative interaction between cannabisa putative interaction between cannabis

use anduse and COMTCOMT on psychotic symptoms,on psychotic symptoms,

following administration of cannabis in anfollowing administration of cannabis in an

experimental setting was again observedexperimental setting was again observed

only in a subgroup of participants withonly in a subgroup of participants with

schizophrenia, this time those with evi-schizophrenia, this time those with evi-

dence of pre-existing psychotic traitsdence of pre-existing psychotic traits

(Henquet(Henquet et alet al, 2006). Although such find-, 2006). Although such find-

ings are biologically plausible and seemings are biologically plausible and seem

intuitively appealing, substantially moreintuitively appealing, substantially more

evidence from replication of these findingsevidence from replication of these findings

is required. Our study, although providingis required. Our study, although providing

adequate power to observe even a relativelyadequate power to observe even a relatively

small association between cannabis use andsmall association between cannabis use and

COMTCOMT genotype in participants withgenotype in participants with

schizophrenia, may not be the ideal designschizophrenia, may not be the ideal design

to examine such a relationship, and otherto examine such a relationship, and other

longitudinal studies may be able to investi-longitudinal studies may be able to investi-

gate this with greater confidence in thegate this with greater confidence in the

future.future.

In summary, we failed to find any evi-In summary, we failed to find any evi-

dence that variation at thedence that variation at the CHRNA7CHRNA7 oror

CRN1CRN1 locus was associated with schizo-locus was associated with schizo-

phrenia, or that the effect of variation atphrenia, or that the effect of variation at

these loci was modified by use of tobaccothese loci was modified by use of tobacco

or cannabis respectively. Cannabis useor cannabis respectively. Cannabis use

was not associated with presence of the va-was not associated with presence of the va-

line allele at Valline allele at Val158158Met withinMet within COMTCOMT inin

our sample, therefore our findings do notour sample, therefore our findings do not

not support a previous report of a putativenot support a previous report of a putative

gene–environment interaction betweengene–environment interaction between

COMTCOMT genotype and cannabis use on riskgenotype and cannabis use on risk

of schizophrenia.of schizophrenia.
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