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In our previous proteomic study in rat liver damaged by carbon tetrachloride, soluble catechol-O-methyl-
transferase (COMT) increased as a phosphorylated form and decreased as a dephosphorylated form. This
finding raised the possibility that the COMT protein is associated with liver function. Thus, we hypothesized
that (1) the COMT gene contributes to liver homeostasis and (2) a COMT polymorphism (rs4680: Val158Met)
causing thermolability of enzymatic activity affects liver enzymes (e.g., aspartate aminotransferase (AST), al-
anine aminotransferase (ALT) and gamma-glutamyl transpeptidase (γ-GT)) in serum. To investigate (2), we
statistically analyzed the association between COMT genotypes and serum ALT activity in a cross-sectional
study using data from the Japan Multi-Institutional Collaborative Cohort (J-MICC) Study. We conducted a
multiple logistic regression analysis for males (n=838) and females (n=970). Those participants having
missing values or a past history of liver cirrhosis or liver cancer were excluded. ALT values were divided
into two; elevated (30 IU/L ≤; males n=239, females n=90) and normal (b30 IU/L; males n=599, females
n=880). In females, non-adjusted and adjusted odds ratios for ALT values in the rs4680 A/A homozygote
(n=126) compared with the wild-type G/G homozygote (n=397) were 0.37 (95% CI 0.14–0.96) and 0.34
(95% CI 0.13–0.93), respectively. In males, an analysis of the population aged 35–69 did not reveal any signif-
icant difference, but the population aged 45–54 had a significant difference in the non-adjusted and adjusted
odds ratio in the G/A heterozygote (n=89) (0.50 (95% CI 0.27–0.92) and 0.35 (95% CI 0.18–0.71)) and in the
A/A homozygote (n=22) (0.34 (95% CI 0.11–0.99) and 0.22 (95% CI 0.07–0.72)), compared with the G/G ho-
mozygote (n=88). These data suggest that the COMT polymorphism affects serum ALT activity to maintain
liver function.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

In the progression of liver damage, the liver proteome is predicted
to alter the expression and post-translational modification of many
proteins. Regeneration-, apoptosis-, and protection-related proteins
should be affected according to the level of damage. For example, he-
patocyte growth factor, a potent liver regenerating factor, increases
according to the damage (Costantini et al., 2010; Hamanoue et al.,
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1992; Shiota et al., 1995). To obtain a better understanding of liver
damage, we have performed a proteomic analysis of rat liver dam-
aged by carbon tetrachloride (Hiyoshi et al., 2009). Previously, we
found a post-translational modification of the soluble catechol-O-
methyltransferase (COMT; EC 2.1.1.6) protein (up: phosphorylated
form, down: dephosphoryrated form) (data not shown). We did not
discuss this finding at the time, because it was not a focus of the
study.

However, Øverbye and Seglen (2009) found that COMT existed in
7 different forms including membrane-bound and soluble forms in rat
liver. These results suggest that the COMT protein was modified after
translation, which affected the enzymatic activity or selection of sub-
strates. The modified COMT proteins may affect favorable flow pass in
metabolic pathways and contribute to liver homeostasis. Although
our (de)phosphorylated data corresponded to their results, the
paper did not focus on the association between phosphorylation
and liver damage.

Against this background, we hypothesized that the COMT protein
is associated with liver function, and COMT polymorphisms that im-
pact on enzymatic activity affect liver homeostasis.

COMT catalyzes the transfer of a methyl group from S-
adenosylmethionine to catecholestrogen (2-hydroxyestrone and 2-
hydroxyestradiol-17beta), catecholamine (dopamine, L-noradrenaline,
and L-adrenaline), and their metabolites (3,4-dihydroxyphenylacetate,
3,4-dihydroxyphenylethyleneglycol, and 3,4-dihydroxymandelate).
Catecholestrogen is involved in estrogenmetabolism, and the catechol-
amine and their metabolites are involved in tyrosine metabolism.

The COMT polymorphism (rs4680: Val158Met (G/A)) has been in-
vestigated experimentally, and thermolability has been demonstrated
(Li et al., 2005; Rutherford et al., 2008; Weinshilboum and Dunnette,
1981). Furthermore, clinical and epidemiological studies have
revealed this polymorphism to be associated with neurological and
psychiatric disorders (Gothelf et al., 2005; Ohnishi et al., 2006;
Sweet et al., 2005). Although a few studies examined the association
between rs4680 and hepatocellular carcinoma (HCC), the results
were not significant (Rossi et al., 2003; Yin et al., 2004; Yuan et al.,
2008). However there might have been difficulties detecting signifi-
cant differences (e.g., small sample size or the combined analysis of
males and females). Because COMT is abundant in liver, it is impor-
tant to understand the association between its polymorphism and
liver function.

To evaluate the association between COMT genotypes and liver
function,we used data from the Japan Multi-Institutional Collaborative
Cohort (J-MICC) Study.

The J-MICC Study was organized by 10 research teams in 2005
(Hamajima et al., 2007). Its aim was to elucidate the associations be-
tween various common diseases, especially cancer, and lifestyle and
genetic factors in the general Japanese population. At the beginning,
we gathered 4,519 participants (male: 2,124, female: 2,395 from 10
research teams) and genotyped them for important polymorphisms
clinically for cross-sectional studies (Wakai et al., 2011). Various as-
sociations between phenotypes and genotypes were analyzed by
the 10 research teams.

In this study, we used serum alanine aminotransferase (ALT) ac-
tivity as an index of liver function, because it has excellent specificity
compared with other liver enzymes (e.g., aspartate aminotransferase
(AST) and gamma-glutamyl transpeptidase (γ-GT)).

Generally, serum ALT activity increases according to the amount of
damage to a liver, and 30 IU/L is used as a cutoff value. Ishiguro et al.
revealed an association between elevated ALT activity (30 IU/L≤) and
the risk of HCC in a Japan Public Health Center-based prospective
Study (Ishiguro et al., 2009). They described that hepatitis virus (B
or C) -negative or -positive subjects with elevated ALT activity
(30–69 IU/L) have a 6.5 or 12-fold higher risk for HCC, than popula-
tions with normal ALT activity (b30 IU/L), respectively. Because, in
our cross-sectional study, participants having elevated ALT activity

(30 IU/L≤) should be considered to be at higher risk for liver disease,
we discuss the impact of the COMT polymorphism on liver function
through serum ALT activity.

2. Materials and methods

2.1. Cross-sectional study (liver function) in the J-MICC study

Hamajima et al. (2007) have already outlined the overall J-MICC
study, and Wakai et al. (2011) have reported the details of this
cross-sectional study. Participants aged 35–69 were collected by 10
research teams from among the general Japanese population. A
large number of participants provided venous blood, health examina-
tion data, and questionnaire data on lifestyle and medical factors.

In 2009, various single nucleotide polymorphisms were selected
by 10 research teams to evaluate the various associations between
phenotypes and genotypes.

In this study, on the basis of our previous proteomic observation,
we focused on COMT polymorphisms to evaluate the association
with serum ALT activity as an index of liver damage. All participants
in the J-MICC study provided written informed consent. The ethics
committees of all the research teams’ institutions reviewed and ap-
proved the protocol for the J-MICC Study.

2.2. COMT polymorphism

In this cross-sectional study, rs4680 (Val158Met (G/A)) among
COMT polymorphisms was selected to investigate the association
with liver function because it is a well-characterized polymorphism.
Genotyping was performed using the invader assay (Third Wave
Technologies, Madison, WI, USA) (Ohnishi et al., 2001) in RIKEN
(Laboratory for Genotyping Development, Center for Genomic
Medicine).

2.3. Definition of elevated ALT Level

Because Ishiguro et al. (2009) reported that individuals with elevat-
ed levels of ALT activity (30 IU/L≤) had higher risk for HCC than those
with normal ALT activity (b30 IU/L), 30 IU/L≤ is defined as elevated,
and b30 IU/L as normal. Furthermore, because serum ALT activity has
the highest specificity as an index of liver damage, to minimize the in-
fluences of other damaged tissues, we did not use other indexes of
liver damage (e.g., aspartate aminotransferase (AST) and gamma-
glutamyl transpeptidase (γ-GT) activities in serum).

2.4. Statistical analysis

The participants having missing values (e.g., serum ALT activity,
genotype, and other confounding factors in Table 1) and past histories
of liver cirrhosis or liver cancer were excluded. Furthermore, to min-
imize the influences of differences of area-specific ALT activity (e.g.,
assay system), 2 areas' populations with higher or lower ALT activi-
ties than other areas from the results of multiple comparison (Scheffe
test after Kruskal Wallis test) were also excluded. Finally, the rest of
the participants were evaluated as males and females, separately.
The differences in age, AST, ALT, γ-GT activities, and BMI between
males and females were tested by unpaired t-test. In addition, the dif-
ferences in alcohol consumption, smoking, use of medical drugs, hep-
atitis B virus (HBV) positivity, and hepatitis C virus (HCV) positivity
between males and females were tested by χ2-test. In females, be-
cause only 6 participants were HCV carriers, a Yates 2×2 χ2 test
was done.

They were divided into two groups based on serum ALT activities
(30 IU/L≤or b30 IU/L), and the association between COMT genotypes
and serum ALT activities was analyzed by multiple logistic regression
for males (n=838) and females (n=970), separately.
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