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Parkinson’s disease (PD) is one of the main causes of neurological disability in the elderly. Levodopa
is the gold standard for treating this disease, but chronic levodopa therapy is complicated by motor
fluctuation and dyskinesia. The catechol- O-methyltransferase (COMT) inhibitors represent a new
class of antiparkinsonian drugs. When coadministered with levodopa/decarboxylase inhibitor, 2
COMT inhibitors, tolcapone and entacapone have been shown to improve the clinical benefit of
levodopa. COMT activity is genetically polymorphic, and individuals with the low activity (COMT"'")
genotype have a thermolabile COMT protein; studies suggest that this genotype is less common in
Asians than in Caucasians. Differences in COMT activity may determine the individual response to
levodopa and result in ethnic differences in PD susceptibility. Our recent study suggests that the
COMTL allele can interact with the MAOB gene to increase the occurrence of PD in Taiwanese. In
order to understand this new class of antiparkinsonian drugs, we review their basic properties,
pharmacology, and clinical efficacy. The frequency distribution of COMT genetic polymorphisms
among different populations and its implications in the etiology and drug response is also discussed.
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I. Introduction

Parkinson’s disease (PD) is one of the most common
neurogenerative disorders in the elderly. The clinical
manifestations of this disease, which was first described
by James Parkinson in 1817, consist of progressive
tremor, rigidity, bradykinesia, and postural instability.
Pathologically, it is characterized by the degeneration of
dopaminergic neurons and the presence of Lewy bodies in
the substantia nigra. Degeneration of the nigrostriatal
pathway results in reduced striatal concentrations of
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dopamine and thus the characteristic motor symptoms,
but the cause of the cell death is unknown.

The current mainstay of PD treatment is dopamine
replacement therapy with levodopa, the natural precursor
of dopamine [1]. Levodopa was introduced in the 1960’s
after the discovery of the underlying pathology of
dopamine depletion. For the past 3 decades, it has been
the single most effective antiparkinsonian drug available
[2]. However, despite its efficacy, levodopa can lose its
effectiveness with time [3]. Most patients develop a
fluctuating response to levodopa and/or levodopa-related
involuntary movements with disease progression [4]. In
our previous study in PD patients, 40% or 15%,
respectively, of our PD patients developing motor
fluctuation or dyskinesia after 5 years of levodopa treat-
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ment [5]. The appearance of these complications is
termed the “end-of-dose deterioration” or ‘““‘wearing-off”’
phenomenon, with affected patients experiencing a shorter
duration of the therapeutic effect of levodopa [6, 7].
Patients experience “ON/OFF” fluctuations between
states of mobility (ON-time) and states of disabling
parkinsonism (OFF-time). Moreover, with very
advanced disease, some patients may experience un-
expected swings in, or loss of, response to levodopa or
complicated involuntary movements, such as diphasic
dystonia or dystonic cramp, during “on” and “off”
periods [4, 8].

The underlying mechanisms for the response variation
in PD patients on levodopa therapy are not clear [4, 9].
Clinically, several risk factors, including age at onset,
disease severity at levodopa initiation, duration of illness
prior to levodopa therapy, and the daily dose of levodopa,
have been shown to influence the development of these
adverse effects during levodopa therapy [5, 10, 11].
Our previous study showed that patients with a younger
age at onset have a higher risk of developing these
complications; this result is in agreement with those of
previous studies showing that delaying the use of
levodopa can prevent the early occurrence of response
variance and adverse effects of levodopa in young-onset
PD patients [12, 13].

Pharmacologically, factors determining the delivery of
levodopa to the brain [14-16] or regulating dopamine
receptor functions [6] can contribute to the pathogenesis
of the motor fluctuations and dyskinesias. It is generally
believed that the response to levodopa reflects the ability
of intact nigro-striatal neurons to convert levodopa to
dopamine and store it in pre-synaptic vesicles for physio-
logical release [7, 9, 14]. With disease progression,
dopamine storage in the striatum is reduced and gradually
loses its function as a buffer. At this stage, patients may
be susceptible to fluctuations in plasma levodopa concen-
trations [6, 7]. Delayed absorption may retard the onset
of the effect, while a reduced peak plasma levodopa
concentration may result in a brief, or even no response
to the drug [17]. Thus, therapeutic strategies to
improve the pharmacokinetics of levodopa become impor-
tant in optimizing its efficacy and minimizing adverse
reactions [14-18]. The use of oral controlled-release
levodopa addresses the need for greater constancy of
levodopa effects [19, 20]. More recently, the second
generation COMT inhibitors proved effective in reducing
such situations in PD patients on levodopa [21-23].
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Since the 1990’s, second generation COMT inhibitors
have been introduced [24]. These selective COMT
inhibitors block the peripheral metabolism of levodopa and
therefore enhance the bioavailability of levodopa in the
brain, prolonging the “on” time and decreasing the
“wearing off” phenomenon [25]. Because these new
COMT inhibitors are becoming more widely used in the
treatment of parkinsonian patients, it is essential to have
more information about them [26]. Moreover, the level
of COMT enzyme activity is genetically polymorphic in
human tissues. This polymorphism has ethnic differences
and may be associated with PD susceptibility in the
Japanese population [27, 28]. It also influences the
clinical response to levodopa in different populations [29].
In this review article, we therefore first review the
properties of the COMT gene and the 2 types of COMT
enzyme, then briefly summarize the important phar-
macological properties and clinical effects of the new
COMT inhibitors. The distribution of genetic polymor-
phisms of the COMT gene in different ethnic populations
and its impact on both the treatment and etiology of PD
are also addressed.

II. The COMT gene and enzyme

COMT, the enzyme responsible for the O-
methylation of catecholamines, was first characterized and
purified in 1958 [30], but it was not until the 1990’s that
the structures of the 2 isoforms of the COMT enzyme
[31] and the COMT gene [32] were determined. The
human COMT gene is found at chromosome 22, band
ql1.2, and consists of 6 exons. Its expression is regulat-
ed by 2 distinct promoters located in exon 3. Two
mRNA species with sizes of 1.5kb and 1.3kb are
synthesized and are translated to give, respectively,
membrane-bound (MB-COMT) and soluble (S-COMT)
forms of COMT [33-34]. COMT is a cellular enzyme
that occurs throughout the body and is present at high
concentrations in peripheral organs, such as the liver,
kidney, and intestines [35]. Most human tissues contain
both types of COMT, usually with a preponderance the
S-COMT, but the situation is reversed in the brain, in
which MB-COMT accounts for 70% of the total.
MB-COMT contains an additional 20 amino acids, which
function as an hydrophobic membrane anchor [36].

The principle function of COMT is the inactivation of
biologically active or toxic catechols and some hydroxylat-
ed metabolites. In the presence of Mg?*, it catalyzes the



February 2002

transfer of the methyl group of S-adenosyl-L-methionine
to one of the hydroxyl groups of the catechol substrate
[37]. Physiological substrates of COMT include
levodopa, catecholamines (dopamine, noradrenaline, and
adrenaline), their hydroxylated metabolites, and ascorbic
acid. COMT can act as an enzymatic defense in the blood
and other tissues against toxins and xenobiotics. In the
kidney and intestine, it may also play an indirect role in
modulating dopaminergic function. In the brain, it may
regulate the amounts of active dopamine and norepine-
phrine in different regions and could therefore be associat-
ed with mental and mood processes [36].

Levels of COMT activity show a trimodal distribution,
described as low (COMTYY), intermediate (COMT""),
and high (COMT"™) [38, 39]. This polymorphism is
caused by paired autosomal dominant alleles. In human
erythrocytes, there is an up to 3- to 4-fold difference in
COMT activity between the low and high activity
enzymes [39]. In fact, the catalytic activity of both
variants is the same, the main cause of the observed
difference being related to the thermolability of the enzyme
[40, 41], which is determined by a single nucleotide
change at nucleotide 1947 of exon 4, if this nucleotide is
a guanine, coding for valine, the enzyme is thermostable
(high activity), whereas if it is an adenine, coding for
methionine, the enzyme is thermolabile (low activity).

III. COMT Inhibitors

After the partial purification and characterization of
COMT in 1958 [30], the first generation of COMT
inhibitors was developed, but they are no longer used
because of their low efficacy, lack of selectivity, and
toxicity [37]. The newly-developed second generation
COMT inhibitors, introduced in the late 1980’s and
including tolcapone, entacapone, and nitecapone, are
highly potent, selective, and reversible COMT inhibitors
in which the key chemical structure is nitrocatechol
(35, 36].

Entacapone and nitecapone are effective in peripheral
COMT inhibition, whereas tolcapone also inhibits COMT
in the brain. However, peripheral COMT inhibition
would be more important in assisting the effect of
levodopa treatment in PD patients [36]. The underlying
rationale for using COMT inhibitor as an adjunct to
levodopa therapy is the optimization of the pharmaco-
kinetic profile of levodopa and hence its access to the brain
[26]. Before levodopa is delivered to the brain, it can be
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metabolized by either aromatic L-amino acid decarbox-
ylase (AADC) or COMT. So, when a peripheral in-
hibitor of AADC, such as benserazide (Madopar® or
carbidopa (Sinemet®), are co-administered with levodopa,
the main metabolic pathway of levodopa in the peripheral
is the conversion into 3-O-methyldopa (3-OMD) by
COMT. The 3-OMD, which has no therapeutic effect in
PD, has a long elimination half-life and thus accumulates
in the plasma, and has been suggested to compete with
levodopa for transport into the brain and thus impairs its
therapeutic effect. COMT inhibitors reduce the conver-
sion of levodopa to 3-OMD, resulting in an increased area
under the concentration curve (AUC) for plasma levodopa
[42, 43] and therefore improve the bioavailability of
levodopa in the brain.

In several large clinical studies in PD patients, tol-
capone and entacapone, the 2 currently marketed new
COMT inhibitors, have proved effective in prolonging the
daily “on” time by 1-2 hours, alleviating the symptoms
of motor fluctuations, and potentiating the effect of
levodopa [21-23]. They are also reported to be well
tolerated. The main adverse events include gastrointesti-
nal problems, such as diarrhea, and an hyperdopaminer-
gic effect. Diarrhea occurs in 16% or less than 10%,
respectively, of patients treated with tolcapone [21, 22,
44] or entacapone [23, 43, 45]. Symptoms of hyper-
dopaminergic activity, especially the initial worsening of
levodopa-induced dyskinesia, occur in approximately
40% or 30%, respectively, of patients receiving tol-
capone or entacapone, and include nausea, vomiting,
orthostatic hypotension, hallucination, and sleep dis-
orders [21-23, 43-46]. Abnormal liver function has
been reported in 1-3% of patients treated with tolcapone
[46], and is rarely observed in entacapone-treated
patients [23, 45]. Although tolcapone was generally well
tolerated in clinical trials, 4 cases of serious hepatic
dysfunction have been described in postmarketing surveil-
lance reports, with 3 of these resulting in death [47].
These reports have led to the drug being withdrawn from
the market in Europe and Canada, and the introduction of
more intensive monitoring requirements and a black box
warning in the United States [48].

IV. The association between COMT genetic
polymorphism and PD susceptibility

Many studies have been performed to investigate the
relationship between COMT genetic polymorphism and
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Table |
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Correlation studies of COMT polymorphism and Parkinson’s disease

Genotype frequency

References Ethnic group Subjects Association with PD
(N) H/H H/L L/L
Wu, 2000 Taiwanese C=191 061 0.33 0.06 No.
PD =222 0.56 0.36 0.08
Xie, 1997 Chinese, HK C= 62 0.60 0.30 0.10 No.
PD= 70 0.63 0.30 0.07
Kunugi, 1997 Japanese C—153 0.48 0.46 0.06 Yes, L/L is higher in PD
PD = 109 0.42 0.43 0.15
Yoritaka, 1997 Japanese C=156 0.44 0.49 0.07 Yes, H/H is higher in PD
PD =176 0.57 0.35 0.08
Hodal, 1996 Caucasian, UK C=173 0.23 0.51 0.26 No.
PD =139 0.23 0.50 0.27

C, controls; PD, Parkinson’s disease; HK, Hong Kong; UK, United Kingdom

various neuropsychiatric diseases, such as Parkinson’s
disease and schizophrenia [27, 49-51]. Previous studies
on the correlation between COMT polymorphism and PD
risk are summarized in Table 1. The low COMT activity
allele (COMTY) is less common in Asians than in
Caucasians, the allele frequency being approximately
25% in oriental, and 45% in white, populations [52].
In studies on Britain [53], Finnish [54] and Chinese
[55] populations, no significant difference was found in
the distribution of the genetic polymorphism in PD
patients and normal controls. One study showed that the
homozygous low activity allele (COMT"") was more
common in Japanese PD patients than in normal controls
[27], whereas another study, again in Japanese, found
a significant higher percentage of the homozygous high
activity (COMT"™) allele in PD patients [56]. In our
study on Taiwanese, there was no correlation between
COMT" genotype and PD when COMT genetic polymor-
phism was considered in isolation, but, when MAOB
genotype polymorphism was taken into account, a
significant synergistic enhancement was found in PD
patients possessing both the COMT" and MAOB G
genotypes [57]. Thus, an interaction between these 2
dopamine-metabolizing enzymes may be correlated with
the pathogenesis of sporadic PD. Further studies on
COMT polymorphism, its effect on COMT activity, and
its interaction with MAOB enzyme activity are being
undertaken to enhance our understanding of the path-
ogenesis of sporadic PD.

V. Ethnic differences in the response
to levodopa and COMT inhibitors

As already mentioned, the level of COMT enzyme
activity is genetically polymorphic. Some ethnic
differences have been recognized and may explain varia-
tions in the individual response to levodopa therapy [29,
58, 59]. Whether the variations in COMT activity can
influence the clinical response to COMT inhibitors in
levodopa-treated patient is another interesting issue. One
recent report from Canada showed that COMT genetic
polymorphism did not influence the clinical response to
tolcapone in PD patients [60]. However, in our recent
study of the clinical effect of tolcapone in PD patients with
the “wearing-off”” phenomenon, we observed that patients
with the COMTY" alleles had a less favorable response to
tolcapone than those with COMT¥* or COMT™ [61,
and manuscript in preparation]. These different results
may be due to the ethnic groups studied and/or
differences in the methodology used to evaluate the
end-point of drug efficacy.

Conclusion

Levodopa is the gold standard in the treatment of PD.
In advanced PD patients who have received chronic
levodopa treatment, motor fluctuation and drug-induced
dyskinesia complicate the treatment course and also result
in a poorer quality of life for the patient. The newly
developed COMT inhibitors can improve the potency of
levodopa and reduce motor fluctuations. Polymorphism
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of the COMT gene is ethnically determined and associated
with the different thermostabilities of the variant COMT
enzymes. The study of COMT genetic polymorphism has
opened up a new field of research on the pharmacogenetics
of COMT inhibitors in different ethnic groups and has
also improved our understanding of the etiology of PD.
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