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Abstract
Objectives—It was reported previously
that topside oven workers with heavy
exposure to coke oven emissions had
increased serum activities of hepatic
aminotransferase in one coke oven plant.
This study was conducted to investigate
the modifying eVect of CYP1A1 MspI
polymorphism on liver function profiles in
coke oven workers.
Methods—88 coke oven workers from a
large steel company in Taiwan were stud-
ied in 1995–6. Exposure was categorised by
work area: topside oven workers and
sideoven workers. Liver function profiles
including serum aspartate aminotrans-
ferase (AST), alanine aminotransferase
(ALT), r-glutamyl transpeptidase (GGT),
alkaline phosphatase (ALP), and total
bilirubin (BIL) were examined in the
morning after personal exposure meas-
urements. The MspI polymorphism was
determined by polymerase chain reaction
(PCR) and restriction fragment length
polymorphism (RFLP).
Results—Five of 23 (22%) topside oven
workers and seven of 65 (11%) sideoven
workers had the CYP1A1 MspI homo-
zygous variant genotype. With sideoven
workers with the combined wild type and
heterozygous variant as the reference
group in multiple regression models, it
was found that topside oven workers with
the combined traits had mean AST and
ALT activities that were 21% and 46%
higher (95% confidence interval (95% CI)
4% to 42% and 12% to 91%, respectively)
than the reference group after adjusting
for appropriate confounders. Also, topside
oven workers with the homozygous vari-
ant trait had mean AST, ALT, and GGT
activities that were 59%, 68%, and 157%
higher (95% CI 21% to 109%, 6% to 168%,
and 39% to 374%, respectively) than the
reference group. The prevalence of an
abnormal hepatocellular pattern (AST
>37 IU/l or ALT >39 IU/l) was more
common in the topside oven workers with
the homozygous variant than in the sideo-
ven workers with the other combined
genotypes (adjusted odds ratio 9.9, 95% CI
1.2 to 82.3) after adjusting for appropriate
confounders.
Conclusions—The CYP1A1 MspI poly-
morphism may modify the biotransfor-
mation of coke oven emissions, which

results in hepatocellular damage in coke
oven workers.
(Occup Environ Med 1999;56:159–163)
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Coke oven workers are constantly exposed to
coke oven emissions. These include a wide
variety of volatile organic solvents and particu-
lates, especially polycyclic aromatic hydrocar-
bons (PAHs).1–3 Recent studies have shown
that phase I enzymes such as P4501A1
metabolise organic compounds to reactive
compounds which can damage cells and
DNA.4–6 Previous studies have suggested that
variant alleles of CYP1A1 MspI polymorphism
are associated with malignancies, particularly
lung cancer,7–10 but the eVect of this polymor-
phism on serum activities of hepatic enzymes
has not been well characterised. Our earlier
studies have found that topside oven workers
with heavy exposure to coke oven emissions
had higher serum activities of hepatic amino-
transferases, including aspartate aminotrans-
ferase (AST) and alanine aminotransferase
(ALT), than sideoven workers in a coke oven
plant in Taiwan.11 12 Therefore, in this study we
investigated whether the CYP1A1 MspI poly-
morphism modifies liver function profiles in
coke oven workers.

Materials and methods
SUBJECTS

We studied the older of two coke oven plants in
the largest steel company in Taiwan. The study
design has been described in detail elsewhere.11

Eighty eight coke oven workers who were cur-
rently working and had been employed for at
least 3 months in the older of two coke oven
plants were recruited in this study.

AMBIENT BENZENE SOLUBLE FRACTION,
QUESTIONNAIRE INFORMATION, AND LABORATORY

TESTS

Personal breathing zone air samples for ben-
zene soluble fraction (BSF) of total particu-
lates, used as a surrogate for coke oven
emissions, were collected from study subjects
for 3 consecutive days between August 1995,
and February 1996. Our earlier study showed
that the median (range) of ambient BSF of
total particulates was 372 (51–18,181) µg/m3 in
topside oven workers and 53 (1–2965) µg/m3 in
sideoven workers.11

A self administered questionnaire was given
during the second or third day of the personal
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air samplings to collect information on the
potential risk factors for increased liver en-
zymes, including age, height, weight, nutri-
tional history, past liver diseases, smoking,
alcohol consumption, job classifications, job
histories, and regular use of respirators.11

Quetelet’s index (kg/m2) was used to measure
the degree of obesity. Nutritional history
included vitamin B complex, multiple vitamin,
or other medications that potentially aVect the
liver. Subjects were asked about their average
weekly alcohol consumption of spirits, wine,
and beer over the past 6 months. Their weekly
consumption of the diVerent beverages was
totalled as g 100% alcohol.

Liver function profiles including AST, ALT,
ã-glutamyl transpeptidase (GGT), alkaline
phosphatase (ALP), and total bilirubin (BIL),
and hepatitis B surface antigens (HBsAg) and
antihepatitis C antibodies (Anti-HCV) were
measured in the company clinic.

CYP1A1 mspi GENOTYPE ANALYSES

The MspI polymorphism in CYP1A1 3' flanking
region was determined by polymerase chain
reaction (PCR) and restriction fragment length
polymorphism (RFLP), according to the
method of Hayashi et al.13 The DNA sample was
amplified with 2 primers: 5'-CAGTGAAGA
GGTGTAGCCGC-3' (upstream) and 5'-
TAGGAGTCTTGTCTCATGCC-3' (down-
stream) (Perkin Elmer, Taipei, Taiwan). The
PCR amplification was carried out with 1 µg
DNA in 10 mM Tris-HCl, pH 8.3, 50 mM KCl,
3 mM MgCl2, 0.3 mM deoxyribonucleotide tri-
phosphates (Boehringer Mannheim GmbH,
Mannheim, Germany), 0.2 µM of each primer
and 1.5 units Taq polymerase (AmpliTaq;
Perkin Elmer) in a total volume of 50 µl. Ampli-
fication was performed with an initial denatura-
tion at 94°C for 5 minutes, followed by 30 cycles
at 94°C for 1 minute, 61°C for 1 minute, and
72°C for 1 minute, and a final extension at 72°C
for 7 minutes.

Amplification product (10 µl) was digested
with 3 units MspI (New England Biolabs, Bev-
erly, MA) in 50 mM NaCl, 10 mM Tris-HCl,
10 mM MgCl2, and 1 mM dithiothreitol
(DTT) at 37°C incubation for 4 hours. Then,
fragment lengths were analysed on a 2.5% aga-
rose gel. When an MspI restriction site was
present, the fragment of 340 base pairs (bp)
was digested into two lengths: 140 bp and 200
bp. Homozygous wild type people lacked the
140 bp and 200 bp fragment (AA), and hetero-
zygous people had three bands (Aa); homo-
zygous rare allele people lacked the large parent
band and had the smaller bands (aa).

STATISTICAL ANALYSES

The distribution of demographic data by geno-
type (AA and Aa v aa) was examined with ÷2

statistics. Liver function profiles were catego-
rised by genotype and work area (topside oven
v sideoven workers). To evaluate the eVect of
genotype and work area on the activity of
hepatic enzymes, multiple linear regression
models with log transformation of liver func-
tion profiles and logistic regression models
were used. Logistic regression was used to ana-

lyse abnormal hepatocellular pattern, when
either AST or ALT were above the references
(abnormal: AST >37 IU/l, ALT >39 IU/l), and
abnormal hepatobiliary pattern, when any of
AST, ALT, GGT, ALP, or BIL were above the
reference values (abnormal: GGT >54 IU/l,
ALP >240 IU/l, or BIL >1.2 mg/dl).11

In regressions, core models were initially
established with potential confounders sug-
gested by the previous study.11 Then, genotype
was forced into the models. Covariates in the
models included age, Quetelet’s index, viral
infection, alcohol consumption, and work area
for multiple regression and Quetelet’s index,
nutrition history, alcohol consumption, and
work area for logistic regression.11 The final
models included the interaction factors be-
tween genotype and work area, with AA and Aa
sideoven workers as the reference group. For
regression models, the estimated percentage
changes were calculated by taking the expo-
nentials of the regression coeYcients, subtract-
ing 1, and multiplying the results by 100 in
multiple regression models. For example, the
regression coeYcient of ln (AST) in the topside
oven workers with the AA and Aa group was
estimated to be 0.154 units higher than that in
the sideoven workers with AA and Aa in a
crude analysis. Thus, the percentage changes
on the AST were estimated to be
(exp(0.154)−1)×100 = 17%. Confidence inter-
vals (95% CI) were similarly converted to per-
centage changes. Trend tests were used to test
the liver enzyme diVerences in decreasing order
as follows: topside oven workers with the aa
trait, sideoven workers with the aa trait, topside
oven workers with the AA and Aa traits, and
sideoven workers with the AA and Aa traits.

Table 1 Demographic data (n (%)) by genotype among
coke oven workers during 1995 and 1996, Taiwan

AA or Aa
(n=76) aa (n=12)

Age (y):
<38 25 (33) 4 (33)
38–43 26 (34) 3 (25)
>43 25 (33) 5 (42)

Quetelet’s index (kg/m2):
<22 20 (26) 2 (17)
22–25 31 (41) 6 (50)
>25 25 (33) 4 (33)

Nutrition history (tablet/wk):†
<1 48 (63) 10 (83)
>1 28 (37) 2 (17)

Viral infection:‡
No 63 (83) 8 (67)
Yes 13 (17) 4 (33)

Alcohol consumption (g/wk):
Never and former 52 (68) 7 (58)
<120 12 (16) 4 (33)
>120 12 (16) 1 (8)

Smoking status (cigarettes/day):*
Never and former 39 (51) 3 (25)

1–15 25 (33) 4 (33)
>15 12 (16) 5 (42)

Regular use of respirators:
No 24 (32) 7 (58)
Yes 52 (68) 5 (42)

*÷2=4.73, df=2, p=0.03.
AA=homozygous wild type; Aa=heterozygous; aa=homozygous
variant.
†Vitamin B complex, multiple vitamin, or tablets containing
liver enzymes.
‡No viral infection: both hepatitis B antigens and antihepatitis C
antibody were negative.
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Results
We first investigated the eVect of various
CYP1A1 MspI genotypes on the activity of
hepatic enzymes. The heterozygous variant
(Aa) and homozygous wild type (AA) were
similar in having no eVect in hepatic enzyme
activities. Therefore, we combined the wild
type and heterozygous variant for the remain-
ing analysis.

Table 1 shows the distribution of the demo-
graphic data and other potential confounders
categorised by genotype. Except for a higher
prevalence of heavy smokers (>15 cigarettes/
day) in the group with homozygous variant
alleles (aa) than the combined alleles (AA and
Aa) (÷2=4.73; df=2; p=0.03), other variables
were not significantly diVerent in these two
groups.

Categorised by work area and genotype, five
of 23 (22%) topside oven workers and seven of
65 (11%) sideoven workers, have the CYP1A1
MspI homozygous variant genotype (aa).
Mean, median, and range of liver function pro-
files and frequency of abnormal liver patterns
are presented in table 2 and figure. A positive
trend was evident for AST, ALT, and GGT in
decreasing order from topside oven workers
with the aa trait, sideoven workers with the aa
trait, topside oven workers with the AA and Aa
traits to sideoven workers with AA and Aa
traits (figure).

In the regression models, we used sideoven
workers with the combined wild type and het-
erozygous variant (AA and Aa) as the reference
group. We found that topside oven workers
with the AA and Aa traits had mean AST and
ALT activities that were 21% and 46% higher
(95% CI 4% to 42% and 12% to 91%, respec-
tively) than the reference group after control-
ling for age, Quetelet’s index, viral infection,
and alcohol consumption (table 3). Also,
topside oven workers with the homozygous
variant trait (aa) had mean AST, ALT, and
GGT activities that were 59%, 68%, and 157%
higher (95% CI 21% to 109%, 6% to 168%,
and 39% to 374%, respectively) than the refer-
ence group after controlling for covariates. The
results were similar even after further adjust-
ment for nutritional history, smoking, and
regular use of respirators (data not shown).

Table 2 Liver function profiles by genotype and work area among coke oven workers

AA or Aa aa

Sideoven workers (n=58) Topside oven workers (n=18) Sideoven workers (n=7) Topside oven workers (n=5)

Mean (SD) Median (range) Mean (SD) Median (range) Mean (SD) Median (range) Mean (SD) Median (range)

AST 24 (7) 23 (12–43) 27 (6) 26 (19–44) 30 (14) 31 (17–57) 39 (20) 32 (21–70)
ALT 27 (14) 22 (8–66) 36 (23) 27 (15–112) 41 (20) 30 (23–77) 49 (40) 40 (14–113)
GGT 33 (25) 23 (10–124) 63 (127) 26 (13–559) 46 (24) 39 (27–95) 142 (218) 49 (36–532)
ALP 157 (47) 155 (72–354) 146 (26) 142 (116–20 2) 156 (33) 145 (111–202) 193 (69) 184 (108–301)
BIL 0.8 (0.3) 0.8 (0.3–1.8) 0.8 (0.3) 0.7 (0.5–1.3) 0.9 (0.2) 0.8 (0.6–1.3) 0.7 (0.1) 0.7 (0.6–0.8)
Abnormal

hepatocellular
pattern (n (%))* 11 (19) 6 (33) 3 (43) 3 (60)

Abnormal
hepatobiliary
pattern (n (%))† 21 (36) 9 (50) 3 (43) 4 (80)

*Abnormal hepatocellular pattern: either AST >37 or ALT >39.
†Abnormal hepatobiliary pattern: any of AST >37, ALT >39, GGT >54, ALP >240, or BIL >1.2.
AST (IU/l)=aspartate aminotransferase; ALT (IU/l)=alanine aminotransferase; GGT (IU/l)=r-glutamyl transferase; ALP (IU/l)=alkaline phosphatase; BIL
(mg/dl)=total bilirubin. Other abbreviations as in table 1.

Selected liver function profiles categorised by genotype and
work area among 88 coke oven workers (abbreviations are
defined in tables 1 and 2). *After adjustment for age,
Quetelet’s index, viral infection, and alcohol consumption.
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However, these associations were not found for
ALP or BIL.

The prevalence of an abnormal hepatocellu-
lar pattern was more common in topside oven
workers with the aa trait than in the sideoven
workers with the AA and Aa traits (adjusted
odds ratio (OR) 9.9, 95% CI 1.2 to 82.3) after
adjustment for Quetelet’s index, nutritional
history, and alcohol consumption. This signifi-
cant result remained after further adjustment
for age, viral infection, smoking, and regular
use of respirators (adjusted OR 19.6, 95% CI
1.5 to 253.8). Topside oven workers with the
aa trait had an increased prevalence of an
abnormal hepatobiliary pattern (adjusted OR
9.0, 95% CI 0.9 to 93.7) after adjusting for
Quetelet’s index, nutritional history, and alco-
hol consumption, although this association was
not significant. Also, the prevalence of an
abnormal hepatocellular pattern was more
common in the topside oven workers with the
AA and Aa traits and sideoven workers with the
aa trait than in the sideoven workers with the
AA and Aa traits both in the crude and
adjusted analyses, although these diVerences
did not reach significance (table 4).

Of the other predictor variables, the most
predictive of the liver function profiles included
Quetelet’s index and alcohol consumption.
The results were similar in the previous
analyses.11 Quetelet’s index was most signifi-
cantly associated with ALT and GGT activities
(for ALT 22–25 v <22: percentage changes
10%, 95% CI -16% to 43%; >25 v <22:
percentage changes 50%, 95% CI 13% to
98%; for GGT 22–25 v <22: percentage
changes 22%, 95% CI −14% to 74%; >25 v
<22: percentage changes 72%, 95% CI 19% to

149%). Current drinkers of >120 g/week had
GGT activities that were 59% higher (95% CI
6% to 139%) than those of never and former
drinkers, whereas current drinkers of <120
g/week had GGT activities that were 44%
higher (95% CI −2% to 111%) than those of
never and former drinkers after controlling for
other confounders.

Discussion
Our earlier two studies have suggested that
heavy exposure to coke oven emissions has an
adverse eVect on the liver.11 12 In this study, we
also found that the CYP1A1 MspI polymor-
phism may have a modulating eVect on the
activities of hepatic enzymes in coke oven
workers. Topside oven workers with the homo-
zygous variant trait (aa) had higher AST, ALT,
and GGT activities than those in the sideoven
workers with the combined wild type and het-
erozygous variant (AA and Aa). Similar results
were also found in the prevalence of an abnor-
mal hepatocellular pattern. We also found that
topside oven workers with AA and Aa had sig-
nificantly increased mean AST and ALT com-
pared with the sideoven workers with AA and
Aa (table 3). Although the prevalence of an
abnormal hepatocellular pattern was more
common in the topside oven workers with AA
and Aa than in the sideoven workers with AA
and Aa, it did not reach significance (table 4).
This may be due to the small sample size of this
study.

Coke oven emissions contain a large amount
of organic compounds, particularly PAHs,
some of which are potentially hepatotoxic in
both humans and animals.2 14 15 The com-
pounds are originally lipophilic forms, which

Table 3 Relation of selected liver function profiles in serum samples (natural log transformed data) with genotype and
work area among 88 coke oven workers in multiple linear regression models (sideoven workers with AA or Aa were the
reference group)

Dependent variables

Crude analyses Adjusted analyses*

Changes (%) 95% CI Changes (%) 95% CI

AST:
Sideoven workers with AA or Aa 0 0
Topside oven workers with AA or Aa 17 (0 to 36) 21 (4 to 42)
Sideoven workers with aa 24 (−2 to 56) 20 (−6 to 54)
Topside oven workers with aa 56 (19 to 104) 59 (21 to 109)

ALT:
Sideoven workers with AA or Aa 0 0
Topside oven workers with AA or Aa 34 (2 to 77) 46 (12 to 91)
Sideoven workers with aa 58 (5 to 138) 46 (−4 to 121)
Topside oven workers with aa 60 (−1 to 158) 68 (6 to 168)

GGT:
Sideoven workers with AA or Aa 0 0
Topside oven workers with AA or Aa 20 (−17 to 74) 18 (−17 to 68)
Sideoven workers with aa 53 (−11 to 164) 45 (−17 to 152)
Topside oven workers with aa 168 (42 to 406) 157 (39 to 374)

Abbreviations as in tables 1 and 2.
*Adjusting for age, Quetelet’s index to viral infection, and alcohol consumption as described in table 1.

Table 4 Dose-response relation between abnormal liver patterns and interaction of genotype and work area in 88 coke
oven workers (sideoven workers with AA or Aa were the reference group)

Status

Hepatocellular pattern
Crude
odds ratio 95% CI

Adjusted odds
ratio* 95% CINormal Abnormal

Sideoven workers with AA or Aa 47 11 1.0 1.0
Topside oven workers with AA or Aa 12 6 2.1 (0.7 to 6.9) 3.0 (0.8 to 10.9)
Sideoven workers with aa 4 3 3.2 (0.6 to 16.4) 2.9 (0.5 to 17.1)
Topside oven workers with aa 2 3 6.4 (1.0 to 43.1) 9.9 (1.2 to 82.3)

Abbreviations as in tables 1 and 2.
*Adjusting for Quetelet’s index, alcohol consumption, and nutrition history.
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are poorly excreted by the kidneys. The liver
plays an important part in transforming them
into hydrophilic forms for excretion.6 Most of
these compounds are not primarily toxic to the
liver. However, their intermediate metabolites
may result in hepatic injury because of bioacti-
vation by diVerent P-450 enzymes in the liver.6

A P-450 enzyme with aryl hydrocarbon
hydroxylase (AHH) activity, CYP1A1, cataly-
ses the oxygenation of PAHs. Kiyohara et al
examined the relation between AHH inducibil-
ity (3-methylcholanthrene (MC) induced
AHH activity/non-induced AHH activity) and
the frequency of CYP1A1 MspI in peripheral
lymphocytes in 84 healthy Japanese male
subjects in vitro.16 They found that age
adjusted AHH inducibility (mean (SEM)) of
the wild type, heterozygous, and homozygous
variants of the CYP1A1 MspI gene was 4.89
(0.36), 4.82 (0.29), and 13.61 (1.44), respec-
tively, and the homozygous variants had
significantly higher AHH inducibility than the
combined wild type and heterozygous subjects.
By contrast, Crofts et al did not find similar
results among 51 healthy subjects including 22
Asian, 23 white, and six African-American
people.17 These data may indicate interethnic
diVerences in the function of CYP1A1 poly-
morphisms. Hence, caution is warranted in
extrapolating the association of genetic poly-
morphisms to the occurrence of a particular
form of disease from one ethnic group to
another.18 Although several groups have re-
ported that the CYP1A1 MspI homozygous
variant genotype was significantly associated
with lung cancer in Japanese populations,7 8 to
our knowledge, there are no published studies
on the eVect of this polymorphism on liver
function in humans who are heavily exposed to
PAHs. Our results need to be extended and
confirmed by a mechanistic explanation of this
polymorphism on the liver in vitro and in vivo.

Our earlier study found that AST and ALT
activities were increased 26% (95% CI 9%
46%) and 45% (95% CI 14% to 86%), respec-
tively, among 23 topside oven workers com-
pared with 65 sideoven workers after control-
ling for appropriate confounders.11 In the
current study, the results were similar in that
AST and ALT activities were increased 21%
(95% CI 4% to 42%) and 46% (95% CI 12%
to 91%), respectively, among 18 topside oven
workers with the combined wild type and het-
erozygous variant compared with 58 sideoven
workers with the combined genotypes after
controlling for the same confounders. Both
results support our hypothesis that heavy
exposure to coke oven emissions results in
increased serum activities of hepatic amino-
transferases in coke oven workers.

We conclude that current heavy exposure to
coke oven emissions can aVect serum amino-
transferase activities among topside oven work-
ers. These adverse hepatic eVects may be
modified by the CYP1A1 MspI genotype. Top-
side oven workers with the homozygous variant
have the highest serum activities of hepatic
enzymes. Given the limited number of subjects
in this study, a large population should be
examined to assess the eVects of both phase I
and phase II metabolic gene polymorphisms on
the liver.
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