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Abstract
Aims: To determine the presence of Asp13-p21-ki-ras oncoprotein and p53 oncoprotein in the plasma of vinyl chloride monomer
(VCM)-workers in Taiwan. Methods: We used enhanced chemiluminescence (ECL) western blotting to detect Asp13-p21-ki-ras and ELISA
to detect mutant p53 protein (p53-Ag) and anti-p53 antibodies (p53-Ab) in the plasma of VCM-exposed workers. Results: Twenty-five out
of 251 (10%) VCM-workers were positive for Asp13-p21-ki-ras in plasma, but 0 out of 36 controls were positive. There were 15 out of 95
(15.8%) plasma-positives among the more highly exposed (>480 ppm-month) workers and 10 out of 156 (6.4%) plasma-positives among
the lesser exposed (≤480 ppm-month). Compared to the unexposed controls, age and drinking adjusted odds ratios (95% CI) were 1.2 (0.1,
9.8) in the lower exposed workers, and 4.8 (0.8, 28) in the higher exposed workers, and there was a significant linear trend between exposure
and plasma positivity (P = 0.001). Thirty-three out of 251 (13.2%) VCM-workers were positive for the p53 over-expression (10% with
positive p53-Ag and 2.8% with positive p53-Ab). There was a significant association between cumulative VCM exposure concentration
and positive p53 expression (P = 0.032) among VCM-workers after adjusting for age, hepatitis, drinking and smoking status. Conclusions:
Asp13-p21-ki-ras oncoprotein and p53 over-expression (p53-Ag or p53-Ab) can be found in the plasma of VCM-workers in Taiwan, and
a significant dose–response relationship exists between plasma oncoproteins expression and VCM exposure.
© 2003 International Society for Preventive Oncology. Published by Elsevier Science Ltd. All rights reserved.
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1. Introduction
Molecular epidemiology attempts to use bio-markers to
study various stages of pathogenesis in vivo, from exposure
to an etiologic agent to the clinical expression of disease
[1]. Studies in model systems suggest that subsequent stages
in the biological response to these carcinogenic insults are
likely to be mediated by alterations produced in the oncogenes and tumor suppressor genes [2]. Thus, the study of
these genes offers a new and potentially useful avenue of
exploration for the molecular epidemiology of bio-markers
of cancer.
The mutant ras oncogenes encode a 21 kDa protein whose
expression is responsible for the cellular changes that ultimately manifest as malignant transformation [3]. The p53
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tumor suppressor gene is mutated in a wide variety of human
cancers, including cancer of the liver [4,5]. The predominant
genetic alterations are missense mutations in four common
regions of the most conserved domains of the protein, exons 5–8, resulting in altered protein configuration, loss of
suppressor function, and immunochemically detectable accumulation of p53 in the nucleus of tumor cells [6–8]. It
is possible to use monoclonal antibodies to detect mutant
ras-p21 and mutant p53 in the extra-cellular supernatant, including plasma [9,10].
Vinyl chloride is a known animal and human carcinogen
which is rapidly absorbed following respiratory exposure
and is primarily metabolized in the liver by the cytochrome p450 2E1 system to the electrophilic metabolites,
chloroethylene oxide (CEO) and chloroacetaldehyde (CAA).
CEO and CAA react with DNA bases to form adducts that
are mutagenic in bacterial systems and mammalian cells,
including: 7-(2 -oxoethyl) guanine; 1, N6 -ethenoadenine;
3, N4 -ethenocytosine; and N2 -3-etheno-quanine [11]. The
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etheno adducts are known to be capable of causing miscoding [12], and could account for the occurrence of specific
point mutations (including G.C → A.T transitions and A.T
→ T.A transversions) in vitro assays [13].
One site where such G → A transitions are apparently
produced in vivo is at the second base of codon 13 of the
ras oncogenes [14–16]. In a study of ras gene mutations in
tumors of vinyl chloride monomer (VCM)-exposed workers, 15 of 18 (83%) angiosarcomas of the liver (ASLs) have
been found to contain a G → A transition at the second
base of codon 13 of the c-ki-ras-2 gene [14,15]. Serum
Asp13-p21-ki-ras expression has been shown to be a useful
marker for the study of this VC-induced carcinogenesis [17].
Four out of five ASLs in VCM-exposed workers were found
to have an Asp13-ki-ras mutation, and Asp13-p21-ki-ras oncoprotein was also found in the tumor tissue and serum and
tissues [17]. Expression of serum Asp13-p21-ki-ras oncoprotein was also found in 50% of VCM-exposed workers
without evidence of liver angiosarcoma and in eight out of
nine (89%) VC-exposed angiomas patients [17]. In a study
of p53 gene mutations in tumors of VCM-exposed workers, two of four (50%) ASLs examined contained an A →
T transversion at the first base of codon 249 or 255 of p53
[18]. The mutations result in the substitution of a tryptophan
for the normal arginine at amino acid residue 249, or of a
phenylalanine for the normal leucine at amino acid residue
255 in the encoded p53 protein product.
One previous study [10] showed that two of four cases of
ASLs (50%) known to contain p53 mutations in their tumor
DNA were found to have increased amounts of mutant p53
protein in their tumor tissue and serum, whereas the two
cases of ASL and one case of hepatic cell carcinoma (HCC)
known not to contain p53 mutations in their tumor DNA
were found not to have increased amounts of mutant p53
protein in their tumor or serum. This study also examined
the serum p53 in 18 VCM-exposed workers without ASLs
and five controls. Three of 18 exposed workers (16%) had
elevated serum mutant p53, compared with none of the
control subjects. All of the five p53 serum-positive individuals in this group had histories of potential high exposure
to VCM (>10 years exposure, >1500 ppm-year), whereas
the VCM-exposed workers with lesser exposure were all
serum-negative. An enlarged follow-up study of this cohort
[19,20] demonstrated a statistically significant trend for
plasma p53-Ag and p53-Ab with increasing VCM exposure. Another study [21] showed that 5 of 15 individuals
with VCM-induced ASL were positive for p53-Ab, 4 of 77
VCM-exposed without ASL were positive for p53-Ab, and
none of 15 control subjects without cancer had p53-Ab.
The above results suggest that the detection of serum
p53-Ag and p53-Ab may be a useful bio-marker for the
study of VCM-induced carcinogenesis in exposed human
populations.
PVC manufacture is a major industry in Taiwan, with
annual production totaling several hundreds thousand
tons. Production increased from 12,000 tonnes in 1971
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to nearly 70,000 tonnes in 1986, and the figure will increase to 2 millions tonnes in the near future. Thousands of
workers could be exposed to VCM. Currently in Taiwan,
there is an increased odds ratio of primary liver cancer
among vinyl chloride monomer workers [22]. More tumors in VCM-exposed workers can be expected in the
future. Previously, we had detected the presence of plasma
Asp13-p21-ki-ras or p53 protein in Taiwan VCM-exposed
workers in two preliminary studies [23,24]. In this paper, we used immunoassays to determine the presence
of Asp13-p21-ki-ras oncoprotein and p53 oncoproteins
(p53-Ag and p53-Ab) in the plasma of entire Taiwan
VCM study cohorts, and explored the VCM-induced
carcinogenesis.

2. Study design and method
The study cohort included 251 male workers from five
vinyl chloride factories in Taiwan. Plasma had been collected from March to April, 1995. For these individuals,
the information available included age, gender, total months
of employment, exposure concentration, results of abdominal ultrasonogram, hepatitis status (HBsAg or anti-HCV),
smoking and alcohol drinking status, and history of tumors.
All seven liver tumors were assumed to be angiomas on the
basis of abdominal echography. Estimates of VCM exposure were based on estimated accumulated ppm-months of
VC exposure [25].
We also selected 36 healthy males without any tumors or
vinyl chloride exposure history from the Health Examination
Ward of Chang Gung Hospital as a control group. Exposure
and control groups were group-matched by age, and sex.
Each VCM-worker and control provided a 20 ml sample of
blood via routine venipuncture techniques, and the plasma
was stored at −80 ◦ C.
2.1. Enhanced chemiluminescence (ECL) immunoblotting
assay-(Asp13-p21 monoclonal antibody)
Western immunoblotting for oncoproteins was performed
as described previously [15]. We used 5–17% gradient
polyacrylamide (Sigma Chemical Company, St. Louis,
MO) resolving gels with 15 combed wells of 5% polyacrylamide stacking gels which were prepared using a gel
gradient-maker (Hoefer Scientific Instrument, San Francisco, CA). An amount of 2 ul of plasma was mixed with 8 ul
of 1X treatment buffer (0.0625 M trizma, pH 6.8) and 10 ul
of sample buffer (0.125 M trizma base, 4% sodium dodecyl sulfate, 20% glycerol, 10% 2-mercaptoethanol) (Sigma
Chemical Company, St. Louis, MO). A 10 ul of Rainbow
molecular weight markers (Amersham Medi-Physics, Arlington Heights, IL), which range from MW 14.3 to 200 kD,
were also mixed with 10 ul of sample buffer. All the above
preparations (except the molecular weight markers) were
placed in a bath of boiling water for 5 min (the molecu-
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lar weight markers were boiled for 1 min). An amount of
2 ul of 0.05% bromophenol blue (plus a few crystals of
methyl green) was then added to each sample except the
molecular weight markers. Then 13 prepared unknown samples, one known positive serum and one molecular weight
marker solution were loaded into each of the 15 combed
gel wells.
Samples were electrophoretically separated using a Hoefer electrophoresis unit (Hoefer Scientific Instruments, San
Francisco, CA) for 5 h at 12–15 mA constant current per gel,
then transferred electrophoretically with a Hoefer Transphor
unit to nitrocellulose membrane (Hoefer Scientific Instruments, San Francisco, CA) overnight at 20 mA constant current per gel. After blocking with phosphate buffered saline
(PBS), pH 7.4, containing 3% bovine serum albumin and
0.1% Triton X-100 (Sigma Chemical Company, St. Louis,
MO), the nitrocellulose was incubated overnight at 4 ◦ C
with a mouse monoclonal antibody, D146 (1:250), raised
against a synthetic peptide corresponding to amino acid
residues 5–16 of the p21 protein with aspartic acid at position
13. After washing with PBS, biotinylated goat antimouse
immunoglobulin (Vectastain) was applied for 30 min. The
blots were developed with 20 ml of ECL substrate solution,
and ECL films supplied by the manufacturer. The presence
of the Asp13-ras oncoprotein-antibody band on the films
was determined using the molecular weight marker 21 kD
band as a reference as well as the band of known positive
serum.
2.2. Enhanced chemiluminescence (ECL) immunoblotting
assay-(ki-ras monoclonal antibody)
If samples were found to be positive for expression of
Asp13-p21 oncoprotein, we repeated the ECL assay to
confirm it to be specifically ki-ras p21 oncoprotein. The
procedure and agents were all the same as the above, except
that the monoclonal antibody used was 147-67C6 (National
Cancer Institute Repository, Microbiological Associate Inc.,
Bethesda, MD), which was raised against a synthetic peptide incorporating residues 157–180 of the human ki-ras
sequence (ascites fluid diluted 1:2000).
2.3. Plasma mutant p53 ELISA
Plasma analysis for mutant p53 was performed using
an ELISA (Oncogene Science, Cambridge, MA) based
on the mouse monoclonal antibody PAb 240 which identifies an epitope between amino acids 210 and 214 that
is normally concealed in the wild-type p53 protein, but
which is revealed in many mutant p53 proteins due to the
aforementioned conformational changes produced by the
mutations.
Microtiter wells were precoated with PAb 240, and then
50 ul of plasma and 50 ul sample dilutent were added to
each well and incubated overnight at 4 ◦ C. After washing, 100 ul of a rabbit polyclonal reporter antibody for

p53 was added to each well and allowed to incubate at
room temperature for 2 h. After washing again, the remaining reporter antibody was bound to a horseradish
peroxidase-conjugated goat anti-rabbit IgG, and color was
developed by incubation with the chromogenic substrate
2,2 -azino-di-[3-ethylbenzthiazoline sulfate]. Absorbance
of each well was read on a spectrophotometric plate reader
at 405 nm, and the concentration of mutant p53 was determined by comparison to the absorbance of standard solutions of purified, recombinant, human mutant p53. Positive
plasma mutant p53 protein was defined by any level greater
than 0.878 ng/ml which was calculated by mean plus two
standard deviations of mutant p53 levels from 36 unexposed
controls.
2.4. Plasma anti-p53 antibody ELISA
Diluted (1:100) samples and prediluted controls (negative
control, low-control, medium-control, and high-control)
were loaded at 100 ul on p53 plate which was precoated
with recombinant human p53 protein and incubated at
37 ◦ C for 1 h according to the instructions of the manufacturer (Oncogene Science, Cambridge, MA). After
washing, the remaining anti-p53 antibody was bound to
peroxidase-conjugated goat anti-human IgG polyclonal antibody, and color was developed by incubation with TM
blue (3,3,5,5-tetramethylbenzidine) substrate and HCl stop
solution. Absorbance of each well was read on a spectrophotometric plate reader at 450/595 nm to determine the
p53 OD. The OD of patients plasma above the 90% OD
of low-control was treated as positive for anti-p53 antibody
expression.
2.5. Data analysis
The data were encoded, entered, and analyzed with the
assistance of the statistical analysis system (SAS) PC software package [26] and Database III plus [27]. Logistic
regression analyses was performed to calculate the association between positive total p53 or Asp13-p21-ki-ras expression rate and cumulative VCM-exposure concentration after
adjusting for age, hepatitis, smoking, and drinking status.
The degree of VCM exposure was also further stratified
with exposure of more than 480 ppm-months considered
to be the high exposure group and exposure less than or
equal to 480 ppm-months considered to be the low exposure group, with the controls as unexposed. T-test, ANOVA
and chi-square were performed to test significant difference
among groups. Odds ratios with 95% confidence intervals
were calculated to test the magnitude and the significance of
difference in prevalence of p53 or Asp13-p21-ki-ras positives among exposure and control groups. Mantel–Haenszel
chi-square tests were applied to calculate drinking, smoking
and age adjusted odds ratios. Chi-square was also performed
to test the linear trend between exposure concentration and
positivity.
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Table 1
Characteristics of study cohorts
Variables
(years-old)b

Age
Duration of employment (years)b
Exposure concentration (ppm)b
Cumulative concentration
(ppm-months)b
Smoker∗ , n (%)
Drinker∗ , n (%)
Hepatitis statusc , n (%)
HBsAg(+)
Anti-HCV(+)
Liver tumors, n (%)
Asp13-p21-ki-ras(+), n (%)
Total p53(+)d , n (%)
p53-Ag(+)
p53-Ab(+)

High exposurea (n = 95)
42.5
9.21
11.6
3305
42
18
25
23
2
3
15

±
±
±
±

8.9 (24, 62)
7.1 (0.5, 28.8)
21.2 (0.4, 73.8)
4478 (482, 34521)

(44.2)
(19)
(26.3)
(24.2)
(2.1)
(3.2)
(15.8)

14 (14.7)
11 (11.6)
4 (4.2)

Low exposure (n = 156)
±
±
±
±

39.2
9.26
3.5
145
58
14
29
27
4
4
10

10.4 (23, 65)
8.8 (0.5, 33.9)
10.5 (0.4, 63.7)
125 (0, 467)

(37.2)
(9)
(18.6)
(17.3)
(2.6)
(2.6)
(6.4)

Total VCM-workers (n = 251)
40.5
9.24
6.6
1341
100
32
54
50
6
7
25

19 (12.2)
14 (9)
5 (3.2)

±
±
±
±

10 (23, 65)
8.2 (0.5, 33.9)
15.9 (0.4, 73.8)
3148 (0, 34521)

(40)
(12.8)
(21.5)
(19.9)
(2.4)
(2.8)
(10)

33 (13.2)
25 (10)
9 (3.6)

Controls (n = 36)
40.8
0
0
0

±
±
±
±

10.1 (23, 58)
0
0
0

23 (63.9)
21 (58.3)
NAe

0 (0)
0 (0)
2 (5.6)
1 (2.8)
1 (2.8)

a

High exposure (>480 ppm-months), low exposure (≤480 ppm-months).
Values shown as mean ± S.D. (range).
c HBsAg, hepatitis B surface antigen; anti-HCV, anti-hepatitis C virus.
d p53-Ag, p53 protein; p53-Ab, p53 antibody.
e NA, not available.
∗ P < 0.05, difference of the prevalence of drinkers or smokers among the high, low exposure and control groups.
b

3. Results
The basic characteristics of the study cohort are summarized in Table 1. There were 25 (10%) VCM-workers found
to have detectable amounts of Asp13-ki-ras oncoprotein in
their plasma, whereas none of 36 controls were positive.
There were 33 (13.2%) VCM-workers found to have positive
p53 expression (positive p53-Ag or p53-Ab) in their plasma
including 25 (10%) positive for p53-Ag and 9 (3.6%) positive for p53-Ab, whereas 2 (5.6%) controls were positive
including 1 (2.8%) with positive p53-Ag and 1 (2.8%) with
positive p53-Ab. Control workers were significantly more
likely to be alcohol drinkers and smokers than high exposure
(>480 ppm-months) or low exposure (≤480 ppm-months)
workers. There were no significant differences among exposure groups for age, duration of employment, exposure
concentration, smoking status, hepatitis status (HBsAg or
anti-HCV), and liver tumors.
Table 2 showed dose–response relationship between
positive plasma Asp13-ki-ras expression and vinyl chlo-

ride monomer exposure. There were 15 (15.8%) high exposure workers found to have Asp13-p21-ki-ras in their
plasma, and 10 (6.4%) low exposure workers found to have
Asp13-p21-ki-ras in their plasma. Compared to the unexposed controls, the crude odds ratios (and 95% confidence
intervals) of positive plasma Asp13-p21-ki-ras expression
for the other exposure groups were: high exposure, 14.1
(0.8, 241); low exposure, 5.2 (0.3, 91.4), respectively; and
there was a significant linear trend between exposure concentration and positive rate (P = 0.001). After adjusting for
age and drinking status, the odds ratios were 4.8 (0.8, 28),
and 1.2 (0.1, 9.8), respectively, and there was a significant
linear trend between exposure concentration and positive
rate (P = 0.001).
Table 3 showed dose–response relationship between positive plasma p53 expression and vinyl chloride monomer
exposure. There were 14 (14.7%) high exposure workers
found to have positive p53 expression in their plasma, 19
(12.2%) low exposure controls found to have positive p53
expression in their plasma, and 2 (5.6%) unexposed workers

Table 2
Dose–response relationship between positive plasma Asp13-p21-ki-ras expression and vinyl chloride monomer exposure in ppm-months
Variables

High exposurea (n = 95)
Low exposure (n = 156)
Unexposed (n = 36)
Linear trend
a

Asp13-p21-ki-ras(+), n (%)

ORb (95% CI)

Adjustedc OR (95% CI)

15 (15.8)
10 (6.4)
0 (0)
–

14.1 (0.8, 241)
5.2 (0.3, 91.4)
1
Chi-square = 10.25, P = 0.001

4.8 (0.8, 28)
1.2 (0.1, 9.8)
1
Chi-square = 11.2, P = 0.001

High exposure (>480 ppm-months), low exposure (≤480 ppm-months).
OR, odds ratio; 95% CI, 95% confidence interval.
c Adjusted for age, drinking status.
b
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Table 3
Dose–response relationship between positive plasma p53 expression and vinyl chloride monomer exposure in ppm-months
Variables

High exposured (n = 95)
Low exposure (n = 156)
Unexposed (n = 36)
Linear trend

p53(+)a , n (%)

ORb (95% CI)

Adjustedc OR (95% CI)

14 (14.7)
19 (12.2)
2 (5.6)
–

2.94 (0.67, 12.9)
2.36 (0.54, 10.2)
1
Chi-square = 1.81, P = 0.18

2.5 (0.5, 12.4)
1.49 (0.24, 9.2)
1
Chi-square = 0.95, P = 0.33

a

p53(+), if p53-Ag(+) or p53-Ab(+).
OR, odds ratio; 95% CI, 95% confidence interval.
c Adjusted for age, drinking and smoking status.
d High exposure (>480 ppm-months), low exposure (≤480 ppm-months).
b

found to have positive p53 expression in their plasma. Compared to the unexposed controls, the crude odds ratios (and
95% confidence intervals) of positive plasma p53 expression for the other exposure groups were: high exposure, 2.94
(0.67, 12.9); low exposure, 2.36 (0.54, 10.2); and there was
a non-significant linear trend between exposure concentration and positive p53 over-expression (P = 0.18). After adjusting for age, smoking and drinking status, the odds ratios
were 2.5 (0.53, 12.4), and 1.49 (0.24, 9.2), respectively, and
there remained a non-significant linear trend between exposure concentration and positive p53 expression (P = 0.33).
In multivariate logistic regression analysis (Table 4), there
was a significantly higher Asp13-ki-ras expression in the
high exposure group than in the low exposure group, with
odds ratio (and 95% CI) of 3.35 (1.34, 8.41) after adjusting
for other factors. There was also a significant association
between cumulative VCM exposure concentration and total
positive p53 expression (P = 0.032) in VC-workers after

adjusting for age, hepatitis, drinking, and smoking status.
There was no association between oncoproteins expression
and age, hepatitis, drinking, or smoking status.
Tumor status was not associated with cumulative exposure concentration, hepatitis status, drinking status, smoking
status, positivity of Asp13-p21-ki-ras expression and p53
expression (Table 5).
As shown in Table 6, 29 of 95 (>40 ppm-years) exposed workers (30.5%) were found to have one oncoprotein
expression in their plasma, 13 of 77 (10–40 ppm-years)
exposed workers (16.9%) had one positive, 12 of 71
(0–10 ppm-years) exposed workers (16.9%) had one positive, whereas 2 of 44 (0 ppm-years) exposed workers (4.5%)
had one positive. Only one worker in the (0 to10 ppm-years)
exposed or (10–40 ppm-years) exposed groups had two
positives. For one positivity, using the (0 ppm-years) group
as the comparison group with assigned odds ratio of 1, the
odds ratios (and 95% confidence intervals) for the other

Table 4
Logistic regression analyses between plasma Asp13-p21-ki-ras, p53 positivity and related indicators among vinyl chloride monomer workers
Asp13-p21-ki-ras(+)
Intercept
Cumulative concentration (ppm-months)
Cumulative concentrationb
1 (high)
0 (low)
Age (years)
Hepatitis
1 (+)
0 (−)

−1.22 ±
–

0.98a

(0.21)∗

1.21 ± 0.46 (0.008)
3.35 (1.34, 8.41)c
−0.035 ± 0.024 (0.15)

p53(+)
−2.08 ± 0.86 (0.015)
0.0001 ± 0.00005 (0.032)
–
–
0.0096 ± 0.02 (0.62)

statusd
0.29 ± 0.49 (0.56)
1.34 (0.5, 3.56)

−0.77 ± 0.56 (0.17)
0.46 (0.15, 1.42)

Drinking
1 (yes)
0 (no)

−0.62 ± 0.8 (0.44)
0.54 (0.11, 2.66)

−0.89 ± 0.79 (0.26)
0.41 (0.08, 1.99)

Smoking
1 (yes)
0 (no)

−0.47 ± 0.48 (0.32)
0.63 (0.24, 1.63)

−0.44 ± 0.43 (0.31)
0.64 (0.27, 1.52)

Parameter estimate ± S.E.
High exposure (>480 ppm-months), low exposure (≤480 ppm-months).
c Adjusted odds ratio.
d HbsAg(+) or anti-HCV(+).
∗ P-value.
a

b
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Table 5
Characteristics of vinyl chloride monomer workers according to liver tumor status

(years)b

Age
Duration of employment (years)b
Exposure concentration (ppm)b
Cumulative exposure (ppm-months)b
Smoker, n (%)
Drinker, n (%)
Hepatitis statusc , n (%)
Asp13-p21-ki-ras(+), n (%)
Total p53(+), n (%)
p53-Ag(+)
p53-Ab(+)

Tumora (n = 7)

Non-tumor (n = 244)

37.6 ± 13.1 (24, 58)
10.4 ± 11.3 (0.5, 28.8)
9.3 ± 14.9 (0.4, 38.2)
572 ± 582 (60, 1413)
2 (28.6)
2 (28.6)
3 (42.9)
1 (14.3)

40.5
9.2
6.5
1363
98
30
51
24

1 (14.3)
0 (0)
1 (14.3)

± 9.9 (23, 65)
± 8.1 (0.5, 33.9)
± 15.9 (0.4, 73.8)
± 3189 (5.4, 34521)
(40.2)
(12.3)
(20.9)
(9.8)

32 (13.1)
25 (10.3)
8 (3.3)

a

Benign liver tumors by abdominal ultrasonogram.
Values as shown as mean ± S.D. (range).
c HbsAg(+) or anti-HCV(+).
b

Table 6
Prevalence of positive oncoproteins expression according to vinyl chloride monomer exposure categories in ppm-years
Exposure category
(ppm-years)

None positive,
n (%)

Onea positive,
n (%)

Twob positive,
n (%)

ORc (95% CI)

ORd (95% CI)

0 (n = 44)
0–10 (n = 71)
10–40 (n = 77)
>40 (n = 95)
Linear trend

42
58
63
66
–

2
12
13
29
–

0
1 (1.4)
1 (1.3)
0
–

1
4.35 (1.02,
4.33 (1.03,
9.23 (2.57,
Chi-square

1
2.18 (0.09, 54.8)
2.01 (0.08, 50.5)
–
Chi-square = 0.048, P = 0.83

(95.5)
(81.7)
(81.8)
(69.5)

(4.5)
(16.9)
(16.9)
(30.5)

18.5)
18.3)
33.1)
= 12.43, P = 0.0004

a

Positive expression of Asp13-p21-ki-ras or p53.
Positive expression of Asp13-p21-ki-ras and p53.
c Odds ratio comparing one to none positive.
d Odds ratio comparing two to none positive.
b

exposure groups were: (0–10 ppm-years) group, 4.35
(1.02, 18.5); (10–40 ppm-years) group, 4.33 (1.03, 18.3);
(>40 ppm-years) group, 9.23 (2.57, 33.1). There was a significant linear trend between exposure concentration and
one positive over-expression (P = 0.0004).

4. Discussion
The results from our study are consistent with those from
previous reports [19,20,28] and indicate that Asp13-p21-kiras and p53 proteins (p53-Ag and p53-Ab) can be detected in the plasma of Taiwan VCM-workers. There was
a significant dose–response relationship between plasma
Asp13-p21-ki-ras expression and VCM exposure (P =
0.001) and a significant association between cumulative
VCM exposure concentration and positive total p53 expression (P = 0.032) among VCM-workers after adjusting
for age, hepatitis, drinking, and smoking status. There was
also a significant dose–response relationship between one
oncoprotein (p21 or p53) positivity and VCM exposure
(P = 0.0004). Because the physical examination performed
on these workers were a voluntary and cross-sectional one,
there might be a healthy selection among the subjects.
Namely, workers with disease could not come for the phys-

ical. Thus, the above finding supports the hypothesis that
the production of Asp13-p21-ki-ras, and mutant p53 protein
may be important steps in VCM-induced carcinogenesis,
and that p21 and p53 proteins may be potential bio-markers
of cancer risk in these workers. Continued follow-up of this
cohort should help confirm the predictive value of these
bio-markers, if plasma-negative workers remain healthy
and some of the plasma-positive workers develop liver
angiosarcoma.
It is interesting to note that 12 out of 58 (16.9%)
(0–10 ppm-years) exposure workers, whose exposures are
below the current permissible exposure limit of estimated
480 ppm-months (40 ppm-years) in most Western countries (1 ppm for 40 working years), tested positive for one
oncoprotein (p21 or p53) expression. The odds ratio for
positivity in this subgroup in comparison with the unexposed controls was 4.35 (1.02, 18.5). One p21-positive
worker had an estimated cumulative exposure of only
0.56 ppm-years (6.7 ppm-months). Another two (p21 and
p53) positive worker had an estimated cumulative exposure
of 1.07 ppm-years (12.9 ppm-months). This may indicate
that current permissible exposure limits are not adequate to
protect VCM-workers, as previously suggested [23,24,28].
Among 25 p53-Ag-positive workers and nine p53-Abpositive workers, only one worker was positive for both.
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This may support our previous notion [29] that the presence
of p53-Ab could accelerate clearance of the p53-Ag from
the circulation or diminish the ability to detect the protein
in blood, causing a false-negative result. In this study, we
treated either presence as positive to avoid underestimation
based on this effect.
VCM is metabolized to chloroethylene oxide (CEO),
which rearranges to chloracetaldehyde (CAA), and subsequently metabolized by the alcohol dehydrogenase (ALDH)
pathway [30,31]. Alcohol can induce ALDH to cause CAA
accumulation and potentiate the carcinogenicity of VC
monomers [32]. Smoking is a known carcinogenic exposure
that can produce p53 mutation [33], and causes serum p53
expression in unexposed controls [34,35]. The only p53
antibody-positive unexposed control in our study cohort is
a heavy smoker with history of smoking 1.5 packs per day
for 25 years, and the only mutant p53 protein-positive unexposed control is also a current smoker. This findings are
consistent with those from other studies [34,35]. By considering smoking effect on p53 protein expression, we include
smoking status, besides age and drinking as indicators to
examine the relationship between VCM exposure and positive p53 protein. Smoking is unlikely to cause serum ras
oncoprotein in unexposed controls [36,37]. In this study, we
only included age, hepatitis, drinking as confouders to study
Asp13-p21-ki-ras expression among VCM-workers. Our
results did not show significant association between alcohol
consumption, smoking, hepatitis status and oncoproteins
expression. The crude estimation of the above factors may
cause the insignificance. Further precise delineation may
clarify the effect.
Prior studies have found increased Asp13-p21-ki-ras expression in VCM-workers with pre-malignant angioma [17].
In this study, the presence of liver angiomas did not associate
with VC exposure, and also did not increase the risk of positive expression of oncoproteins. Further pathological classification of these tumors according to the mutational profiles
may provide more information to resolve these differences.
Currently, the most common VCM-induced liver cancer
in Taiwan is hepatic cell carcinoma (HCC), not ASL [22].
Most HCC patients are hepatitis B virus (HBV) carriers.
The mechanisms of VCM carcinogenesis are still unclear.
The combination of HBV and VCM may lead to primary
liver cancer before occurrence of the ASL. One recent study
identified p53 mutations in VC-induced HCC [38]. The point
mutations detected were comprised of five transversions and
five transitions. Five of 11 mutations (codons 175, 245, 248,
273, and 282) occurred at CpG sites which were different
from the mutation patterns of VC-induced ASL of A → T
transversion at the first base of codon 249 or 255 of p53 [18].
Further DNA assays of hepatocytes or vascular endothelium
cells from HCC of Taiwan VC workers to identify different
mutation patterns of p53 or ras will test the above hypotheses
and explore the VCM carcinogenesis.
Several limitations of the study need to be addressed.
One of the disadvantages of p53-Abs assay is its lack of

sensitivity inasmuch as only 20–40% of patients with p53
mutations will develop p53-Abs, even with 95% specificity
[39]. The major drawbacks of the serum p53 protein assay is its high background and false-positives [39]. Some
false-positive sera were caused either by the presence of human antibodies with broad antispecies specificities that can
cross-react with some antibodies used in the assay or by
other nonspecific reagents that interfere with the assay [40].
No complete vinyl chloride exposure data were available;
estimates of accumulated VC exposure were based on the
job category, years worked, and exposures extrapolated from
recent exposure data [25]. We may have underestimated the
cumulative VC exposure, so the real exposure concentration
could be higher. Previous reports have demonstrated that VC
workers have genetic polymorphisms in the CYP2E1 and
ALDH-2, this could cause an increased formation of DNA
adducts and lead to increasing sister chromatid exchanges
[41]. The genetic polymorphisms in the repair enzymes for
the DNA adducts could have a similar effect. The inclusion of the above two genetic polymorphisms as susceptible bio-markers will provide more information to clarify
VC-induced carcinogenesis in the Taiwan cohort.
In conclusion, Asp13-p21-ki-ras, and p53 over-expression
(p53-Ag or p53-Ab) can be found in the plasma of
VCM-workers in Taiwan, and a significant dose–response
relationship exists between plasma one oncoprotein (Asp13p21-ki-ras or p53) and VCM cumulative exposure concentration.
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