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Catechol-O-methyl transferase (COMT) is a catabolic en-
zyme involved in the degradation of a number of bioactive
molecules; of principal interest to psychiatry, these include
dopamine. The enzyme is encoded by the COMT gene.
COMT is located (along with 47 other genes) in a fragment
of chromosome 22q11 which when deleted results in a com-
plex syndrome, the psychiatric manifestations of which
include schizophrenia and other psychoses. These 2 obser-
vations have placedCOMT near the top of a rather long list
of plausible candidate genes for schizophrenia. The ability
to test the hypothesis that COMT might be a susceptibility
gene for schizophrenia has been simplified in principle by
the existence of a valine-to-methionine (Val/Met) polymor-
phism which results respectively in high and low activity
forms of the enzyme. Given the unequivocal effect of this
polymorphism on the function of COMT, and the evidence
for a critical role for dopamine in the pathophysiology and
treatment of psychosis, there are strong prior expectations
that Val/Met influences susceptibility to schizophrenia as
well as other psychiatric phenotypes. Indeed the Val/Met
polymorphism has become the most widely studied poly-
morphism in psychiatry. In this review, we consider the
evidence for and against the involvement of COMT in
schizophrenia. The current data allow us to virtually ex-
clude a simple relationship between schizophrenia and
the Val/Met variant previously thought to dominate
COMT function. However, recent data suggest a more
complex pattern of genetic regulation of COMT function
beyond that attributable to the Val/Met locus. Moreover, it
is also clear that there is a complex nonlinear relationship
between dopamine availability and brain function. These 2
factors, allied to phenotypic complexity within schizophre-
nia, make it difficult to draw strong conclusions regarding
COMT in schizophrenia. Nevertheless, emerging research
that takes greater account of all these levels of complexity
is beginning to provide tantalizing, but far from definitive,

support for the view thatCOMT influences susceptibility to
at least some forms of psychosis.
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Introduction

The traditional hypothesis, widely held for more than
half a century, is that increased dopamine (DA) function
is central to the pathophysiology of schizophrenia.1,2More
recently, the dopamine hypothesis has been revised, with
excess mesolimbic dopamine function being proposed
to be secondary to low dopamine function in the prefron-
tal cortex (PFC).3,4. In the context of either hypothesis,
the COMT gene encoding catechol-O-methyl transferase
(COMT) is a clear functional candidate gene for schizo-
phrenia because COMT is involved in the catabolic clear-
ance of dopamine.5 COMT maps to chromosome
22q11.2 and encodes 2 main well-characterized protein
isoforms that display an altered affinity and capacity
for their substrate. In most assayed tissues, a soluble cy-
toplasmic (S-COMT) isoform predominates,6 whereas in
brain, a longer membrane-bound form (MB-COMT) is
the major species.7 The 2 major protein isoforms differ
by the inclusion of an extra 50 hydrophobic amino acids
in MB-COMT. MB-COMT has approximately a 10-fold
greater affinity for dopamine and noradrenaline than
S-COMT, suggesting that MB-COMT is better suited
to metabolizing catecholamines, including dopamine,
at the physiological levels found in brain.8 Recently,
a third isoform, which appears to be a larger variant
of MB-COMT, has been reported,9,10 but as of yet, its
functional properties are unknown.
Within the coding sequence of COMT is a common

G>A polymorphism (rs4680) (see figure 1) that produces
a valine-to-methionine (Val/Met) substitution at codons
108 and 158 of S-COMT andMB-COMT, respectively.11

The polymorphism is usually referred to simply as the
Val/Met locus but is also known by the reference se-
quence identification code rs4680 (previously also known
as rs165688). The amino acid change results in altered ac-
tivity of both S-COMT11,12 and MB-COMT13 and has
generally been thought to be the main source of genetic
variation in COMT enzyme activity. The Val (variant G)
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and Met (variant A) alleles, respectively, confer high and
low activity. Based upon the traditional dopamine hy-
pothesis, if COMT is an important regulator of dopamine
function, it would be postulated that the low-activityMet
variant would be associated with schizophrenia. It should
be also noted that in Korean and Japanese populations,
a second functional high-activity Alanine (low activity)-
Serine (high activity) polymorphism exists (rs6267),14

a variant not found in Caucasian and African Americans
who all (as far as is known) carry the Alanine allele.

COMT and Prefrontal Dopamine Function

Although expressed widely in mammalian brain, the im-
portance of COMT in dopamine clearance and function
varies by brain region. In some regions, for example stria-
tum and nucleus accumbens, COMT appears to be a
minor player in dopamine clearance compared with
neuronal synaptic uptake by the dopamine transporter
and subsequent monoamine oxidase metabolism.15 How-
ever, 1 region (and there may be others) where this does
not apply is the PFC. These anatomical differences in the
importance of COMT may reflect broader anatomical
and functional variation between dopaminergic neurons
depending on their nuclei of origin. Thus, in contrast to
the nigrostriatal pathway, dopamine transporters are
sparse at the dopaminergic synaptic termini of the mes-
ocortical and mesothalamic pathways.16,17 As a result,
diffusion, extrasynaptic function of DA, and COMT
clearancemay bemore important in areas served by those
pathways. The importance of COMT for dopaminergic
clearance in the PFC has been confirmed in COMT
knockout mice18 and by the effects on dopamine of phar-
macological inhibition of COMT.19

Dopamine has been shown by pharmacological manip-
ulation to play an important role in PFC-mediated cog-
nition.20–22 Given this, if as suggested above, COMT is
important in regulating PFC dopamine, a simple pre-
diction would be that the Val/Met locus would show
association with indices of PFC function. Such a relation-
ship has repeatedly been demonstrated, first by Egan
et al,23 using the Wisconsin Card Sorting Test and func-

tional magnetic resonance imaging, and subsequently by
others using a wide range of tasks. The detail of these
studies is beyond the scope of this review, but 2 recent
meta-analyses concluded broadly in favor of an associa-
tion of very small effect.24,25 However, in neither were the
findings significant after exclusion of the original study,23

suggesting that the relationship between variation in PFC
functioning and COMT may not be quite as robust as is
widely thought. More recently, a large prospective UK
study has provided evidence that the Val/Met variant
influences executive function and IQ in children, but, be-
cause the findings were restricted to males, it is not
entirely clear how they tally with the earlier observa-
tions.25 Thus, while overall the data still support the func-
tional relevance of COMT polymorphisms to individual
differences in PFC function, some uncertainties remain
in regard to the size of this effect and the question of
sex differences. Interestingly, another study has recently
revealed that haplotypes at COMT constructed of
markers in addition to that of the Val/Met show a stron-
ger relationship with prefrontal inefficiency of working
memory than did the Val/Met locus alone.26 As will be
discussed later, this most likely suggests that COMT
function is influenced by polymorphisms other than
the Val/Met as has been claimed by others.13,27,28

Genetic Evidence for COMT as a Schizophrenia
Susceptibility Gene

The region of chromosome 22q11.2 containing COMT is
also the location of a relatively common microdeletion
syndrome which goes by several names, most commonly,
in the psychiatric literature, velocardiofacial syndrome
(VCFS) or 22q11Del syndrome. The microdeletions, typ-
ically about 3 Mb in size and encompassing 48 genes, re-
sult in a wide range of phenotypes including distinctive
dysmorphology, congenital heart disease, and cognitive
impairments that range in severity from minimal to se-
vere.29 Interestingly, an increased prevalence in a broad
spectrum of psychiatric disorders in children with VCFS
has been reported, including anxiety, mood disorders,
obsessive-compulsive disorder, and attention-deficit dis-
order.30–34 Of more relevance to the present discussion,
adults with VCFS have high rates of psychosis,33,35–37

the majority of cases fulfilling the diagnostic criteria
for schizophrenia with an estimated prevalence of
25%.38 Thus, in addition to the functional candidacy
of COMT, the gene is also a positional candidate gene
for schizophrenia. However, it should be noted that
COMT is only one, albeit a priori the strongest, of several
candidates within the deleted region.39Weaker positional
support for COMT also comes from linkage studies,40,41

although the implicated region of linkage is much broad-
er than the 22q11Del region and therefore contains even
more genes. Finally, the findings of association between
COMT and PFC function may also be of relevance to
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Fig. 1. Schematic diagram to show the 2 major protein isforms
of the COMT produced and the positions of the 3 polymorphisms
used in the study of Shifman et al.49
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schizophrenia because abnormal function of the PFC is
a prominent feature in schizophrenia42,43 for which it has
been proposed as a trait marker.23

In terms of position and function then, there are prob-
ably no genes with a better a priori case for involvement in
schizophrenia than COMT. This, together with the exis-
tence of the functional polymorphism, has made the
Val/Metpolymorphismanalmost irresistible target forge-
netic investigation, and combinedworldwide,many thou-
sands of cases and controls have now been studied. As
would be expected for a putative risk allele of small effect,
the numerous studies include positive and negative find-
ings.44–49 This is potentially consistent with a true associ-
ation where replication is hampered by lack of power.
However, strongly arguing against this interpretation, 3
recent meta-analyses of the published case-control litera-
ture24,50,51 foundno significant effect at theVal/Met locus.
Moreover, large studies that have individually made a ma-
jor contribution to the total number of samples studied
worldwide but which were not included in the most recent
meta-analysis24 also failed to find evidence for association
in European52 and Asian51 populations. Based upon these
data, the conclusion must be against a single locus effect
of the Val/Met polymorphism on schizophrenia risk.
If it is correct that at a population level, the Val/Met

locus is the major determinant of individual differences in
COMT activity in brain, the data can be interpreted as
providing no support for either the classic hypothesis
that schizophrenia results from enhanced dopaminergic
neurotransmission or for the modified dopamine hypoth-
esis based upon low dopamine function in the PFC.How-
ever, there is now strong evidence for a more complex
inverted "U"-shaped relationship between dopamine
and at least some aspects of PFC function, with optimal
functioning occurring within a narrow range of dopa-
mine activity. Under this model, too little or too much
dopamine has relatively deleterious effects.53,54 The
model also implies that at the level of an individual,
the effect at the Val/Met locus on PFC function depends
upon the sum of the non-COMT-related influences on
PFC dopamine levels. For individuals to the left of
this curve, the low-activity allele may be beneficial (allow-
ing increased dopamine activity), whereas for individuals
to the right (too much dopamine), the high-activity Val
allele should be beneficial. Nevertheless, we would still
expect the direction of association to be dictated (within
broadly similar populations) by the population mean po-
sition on the curve and therefore a consensus for a partic-
ular allele. The Val/Met data are then nomore supportive
of that model of schizophrenia than they are of the sim-
pler dose-response relationships.
The conclusions reached above are, however, predi-

cated on 2 main assumptions. First, within a given pop-
ulation, cases of schizophrenia can be ascertained that
represent some baseline mean level of PFC dopamine ac-
tivity that is typical of most cases. Second, that the Val/

Met locus is the source of most of the genetic variance
in COMT function. Regarding the first assumption, if
somehow different strategies for ascertaining patients re-
sult in recruitment of samples that have different mean
positions on this inverted U curve, then some samples
may tend to show association to the Val allele and others
to the Met. Such an ascertainment problem might con-
ceivably occur if PFC dopamine influences symptom
profile, probability of in-patient care, course, response
to treatment, the degree to which subjects abuse drugs,
and so on, and the net effect could fatally undermine
meta-analyses based upon direction of effect. An effect
might, however, be identified through alternative meta-
analyses strategies based on combiningP values for exam-
ple. Although there is no convincing evidence at present
that such an effect of phenotype is operating, it seems
plausible given the repeated reports of association be-
tween COMT and almost every imaginable psychiatric
phenotype. Importantly, these include reports of stronger
association between COMT and unconventionally la-
beled psychosis-mood spectrum disorders55–57 and re-
sponse to medication.58,59 Given the large numbers of
studies of COMT undertaken, it is currently unclear
whether these reports are substantially above chance
levels, but nevertheless, this remains a potentially fruitful
avenue for further exploration.
There is greater evidence suggesting that the second as-

sumption is false, namely, that there are functional alleles
in COMT beyond the Val/Met (and in some populations,
the Ala/Ser). Several studies have now shown that var-
iants that do not change the amino acid sequence of
COMT can influence COMT mRNA expression,27 en-
zyme activity,13 and, very recently, the rate of COMT
mRNA translation by altering mRNA structure.28 These
findings in principle allow for highly complex and largely
unpredictable patterns of association between disease sta-
tus and the Val/Met locus in different populations as a re-
sult of population differences in allelic heterogeneity at
the risk alleles, patterns of LD between the tested and
true susceptibility alleles,60 allele frequencies at both
sets of loci, phenotypic variation relevant to the associated
alleles, or exposure to environmental variables withwhich
the various risk alleles interact. The potential for this to
influence the direction of reported associations in differ-
ent populations has specifically been demonstrated for
COMT.61 More complex still, it is now clear from exact
mathematical analyses of the tripartite relationships be-
tween tag markers (markers that indirectly extract infor-
mation froma true risk variant via linkage diequilibrium),
true susceptibility variants, and affected status that,where
the true effect size of a susceptibility allele is weak, oppo-
site alleles may be associated with disease even in popu-
lations with similar LD measures, allele frequencies,
and identical effect sizes at the functional loci.62

An even higher order of complexity is to be expected if
risk alleles at the gene interact with other genes or with
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environmental factors. Several gene-gene interactions
have been reported for COMT though they are not yet
independently replicated.63 In mice, functional inter-
action has also been reported between COMT and
PRODH, another putative susceptibility gene within
the 22q11Del region.64 As yet, there is no genetic evidence
that such an interaction increases risk of schizophrenia,65

though a recent study has reported that, in individuals
with 22q11DS, risk of psychosis was increased in individ-
uals who were hemizygous for the Met allele and who
were hyperprolinaemic, though numbers were small
and statistical significance was only achieved by the in-
clusion of 2 cases with autism in the ‘‘psychosis’’ group.66

Evidence for gene-environment interaction involving the
COMT Val/Met polymorphism and schizophrenia has
been obtained from a longitudinal study of the Dunedin
birth cohort. Adult carriers of the COMT Val allele were
most likely to exhibit psychotic symptoms and to develop
schizophreniform disorder if they used cannabis, whereas
cannabis use had no such adverse influence on individu-
als with 2 copies of the Met allele.67 The authors argue
that their findings are unlikely to reflect reverse causation
and this observation is consistent with COMT modulat-
ing the psychotogenic effects of cannabis exposure. Rep-
lication of this potentially important observation is
eagerly awaited.

The premise that other functional alleles may be oper-
ating at COMT has led some investigators to expand
their analysis to additional markers and haplotypes
rather than the Val/Met locus alone. The first of these68

found no evidence for association, although haplotypes
were not constructed. In contrast, Li et al69 reported
stronger evidence for a multimarker haplotype than
the Val/Met locus alone. The strongest evidence for
COMT to date was reported in a large sample of Ashke-
nazi Jews49 in which modest evidence was found for as-
sociation between schizophrenia and the Val allele but
much stronger evidence was found with various combi-
nations of haplotypes. This is compatible with the exis-
tence of alleles that modify the influence of the Val/
Met locus, as is the observation that 1 haplotype carrying
the Val allele was more common in cases, while 3 other
haplotypes carrying the Val allele were underrepresented.
Gender effects were also reported although these are dif-
ficult to interpret because much of the effect was driven
by differences in the controls, not the cases. Since then,
several studies have reported evidence for association at
COMT that appears stronger with haplotypes than with
the Val/Met locus alone.70–72 However, the largest study
reported to date,52 comprising a total of around 1200
cases, did not find any evidence in favor of association.
It should be noted that the latter study was designed to
specifically test the associated haplotypes reported by
Shifman et al49 that were also associated with altered
gene expression27 rather than to comprehensively extract
information from all variants in the gene.

The increased support for association from haplotype-
based studies of schizophrenia provides some encourage-
ment for the hypothesis that COMT is a susceptibility
gene for schizophrenia, but again there are complexities.
While for reasons indicated above it is reasonable to sus-
pend the widely assumed requirement that replication
studies must implicate the same alleles and haplotypes
to provide support for association, this is no excuse for
regarding any study with a nominally significant
marker/haplotype as supportive. Instead, wemust restrict
claims of "significance" to those studieswhere any allele or
haplotype survives appropriate correction for multiple
testing (based upon the intended number of markers)
and is based on a well-designed quality-controlled study.
The latter point is particularly important in haplotype-
based studies where trivial amounts of genotyping error
can considerably inflate the false-positive rate.73 As
onlyoneof the positive studies, the smallest72 has formally
addressed themultiple-testing issue, andonly 1 each of the
positive71 and negative52 studies has addressed the poten-
tial impact of genotyping error; the impact of multiple
testing and genotyping error on the extant data is un-
known and one can only gain an impression of signifi-
cance. Our own judgment about the statistical evidence
is that the findings are suggestive, but there are insufficient
studies that would be clearly significant when corrected
for multiple testing to draw stronger conclusions.

Conclusions

Because of its function, its position, and the apparent sim-
plicity of the extent of the genetic variation influencing its
function, COMT has become one of the most studied
genes in psychiatric disorders. However, with respect to
schizophrenia, it is still unclear whether the findings
can all be written off to chance and technical issues in
study design and implementation or whether they reflect
the existence of a complex relationship between multiple
functional variants of small effect size, the geneticmarkers
used to tag them, and a heterogeneous phenotype, only
some aspects of which are influenced by COMT. That
no robust conclusions about the relationship between
COMT and schizophrenia can be drawn after so many
samples have been studied stresses the need for studies
to adopt a more systematic approach to reporting data,
with in particular more attention being paid to aspects
of the phenotype, QC issues, and correction for multiple
testing preferably using gene-wide tests of significance.74

That so much difficulty can be generated by a small gene
with a clear and highly plausible functional relationship
with schizophrenia also highlights the challenges that
will face investigators tackling the newer generation of pu-
tative risk genes identified by positional cloning, not to
mention the plethora of claimed associations that can
be expected to emerge from whole-genome association
studies. In most cases, researchers will have neither the
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luxury of known functional variation nor an obvious
putative functional relationship with disease.
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