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tients with different stages of UC; however, urinary arsenic 
concentrations were borderline significantly increased with 
the progress of UC patients regardless of whether or not 
they had been exposed to arsenic from drinking water. The 
 MPO  and  SULT  genetic polymorphisms might modify the ar-
senic methylation profile and UC progression, and thus are 
worthy of further investigation. 

 Copyright © 2009 S. Karger AG, Basel 

 Introduction 

 Urothelial carcinoma (UC) arises exclusively from the 
urothelium including the renal pelvis, ureter, bladder, 
and urethra, with bladder cancer being the most com-
mon form. In most developed countries, it is among the 
top 10 leading cancers. In Taiwan, bladder UC was ranked 
as the 7th and 10th most common cancers for males and 
females, respectively, in 2000. The incidence rates of blad-
der UC have been progressively increasing in the past de-
cades in Taiwan, with the age-specific rates for males and 
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 Abstract 

 Arsenic exposure is associated with an increased risk of blad-
der cancer. To explore the distribution of the arsenic meth-
ylation capability and myeloperoxidase  (MPO)  and sulfo-
transferase  (SULT) 1A1  genotypes in patients at different 
stages and grades of urothelial carcinoma (UC), 112 UC cases 
were recruited between September 2002 and May 2004 for 
this study. Urinary arsenic species, including inorganic arse-
nic (As III  + As V ), monomethylarsonic acid, and dimethylar-
sinic acid, were determined with a high-performance liquid 
chromatography-linked hydride generator and atomic ab-
sorption spectrometry. The  MPO  and  SULT1A1  genotypes 
were examined with polymerase chain reaction and restric-
tion fragment length polymorphism. Differential effects of 
the arsenic methylation capability were found among pa-
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females in 2000 of 10.2 and 4.4 per 100,000, respectively 
 [1] . These tumors exhibit a high frequency of recurrence, 
and some of them may progress to muscle-invasive and 
metastatic tumors and thus pose a serious threat to pa-
tient survival  [2] . The pathological staging and grading 
system are currently the most significant factors for de-
termining therapeutic interventions and clinical out-
comes. In Taiwan, most cases of bladder cancer are
transitional cell carcinoma, and epidemiological studies 
indicated that the incidence of this type of cancer is un-
usually high on the southwestern coast of Taiwan, and it 
was related to arsenic-contaminated artesian well water 
 [3] . A study showed that chlorinated water supply was the 
main water source of patients affected by Ta–T1 transi-
tional cell carcinoma of the bladder  [4] , and another study 
reported alcohol drinking interacted with N-acetyltrans-
ferase 2 genotype-induced bladder cancer  [5] . However, 
the mechanism of bladder cancer is still unclear.

  In drinking water, arsenic is usually found in the form 
of arsenate (As V ) or arsenite (As III )  [6] . Inorganic arsenic 
is biotransformed in humans to monomethylarsonic acid 
(MMA V ) and dimethylarsinic acid (DMA V ), and meth-
ylation of inorganic arsenic is considered a detoxification 
mechanism because DMA has a relatively low toxicity 
and is rapidly excreted in urine  [7] . Our previous studies 
evaluating the association of the inorganic arsenic meth-
ylation capability were related to skin cancer  [8]  and blad-
der cancer risk  [9] . Furthermore, an individual’s capabil-
ity of arsenic methylation might interact with cigarette 
smoking and modify the risk of bladder cancer  [10] . The 
allowed arsenic concentration in public water supplies in 
Taiwan was 50  � g/l until 2000, when a new standard of 
10  � g/l was announced. According to the Taipei Water 
Department of the Taipei City Government, the average 
arsenic concentration of tap water in Taipei is 0.7  � g/l, 
ranging from the undetectable to 4.0  � g/l. However, if it 
was shown that the arsenic metabolic capability affects 
cancer risks in subjects exposed to low levels (50  � g/l) of 
arsenic, would such low levels still be carcinogenic for 
some genetically predisposed individuals? Whether or 
not the arsenic methylation capability influences the 
prognosis of UC requires further investigation.

  Arsenic is metabolized through reduction and oxida-
tion processes after chronic exposure which is believed to 
produce reactive oxygen species (ROS) including super-
oxide anions, hydroxyl radicals, and hydrogen peroxide 
 [11] . In vivo oxidative stress might be modulated by the 
enzyme, myeloperoxidase (MPO). MPO is a phase I met-
abolic enzyme located in neutrophils and monocytes 
which produces the strong oxidant, hypochlorous acid, 

for microbicidal activity  [12] . MPO also activates procar-
cinogens in tobacco smoke, such as benzo[a]pyrene 
through the release of ROS  [13] . The –463(G  ]  A) transi-
tion variant of the  MPO  gene located in the chromosome 
17q23.1 region has been associated with a lower cancer 
risk  [14] . The  MPO  –463AA/AG genotype is associat-
ed with reduced MPO activity and DNA adduct levels
in bronchoalveolar lavage fluid  [15] , while the  MPO 
G–463A homozygous variant was associated with a re-
duced risk of bladder cancer in smokers  [16] . However, 
determining whether or not the UC prognosis is suscep-
tible to  MPO  genetic polymorphism requires closer ex-
amination.

  Sulfotransferases (SULTs) are important enzymes in 
sulfation that can modulate the toxicity of carcinogenic 
xenobiotics.  SULT1A1  (Arg213His) polymorphism influ-
ences SULT enzyme activity, and  SULT1A1  (213His) can 
reduce SULT enzyme activity  [17] . Another study found 
that the  SULT1A1  (213Arg/Arg) genotype presented a 
higher risk for highly differentiated tumors among heavy 
smokers  [18] . The  SULT1A1  (213His) allele was associated 
with statistically significantly increased risks of esopha-
geal cancer in Taiwan  [19] . For the moment, it is impor-
tant to note the association between UC prognosis and 
 SULT1A1  genetic susceptibility.

  Materials and Methods 

 Study Subjects and Questionnaire Interview 
 One hundred and twelve patients with pathologically proven 

UC (age range, 24–93 years, average age 65.97, SD 10.21) were re-
cruited from the Department of Urology, Chi-Mei Medical Cen-
ter, Tainan, between September 2002 and May 2004. Almost all 
UC patients came from Tainan City or places near the arsenic-
contaminated areas of southwestern Taiwan. A tap water supply 
system was implemented in the arsenic-contaminated areas of 
southwestern Taiwan in the early 1960s, but its coverage remained 
low until the early 1970s. Artesian well water was no longer used 
for drinking and cooking after the mid-1970s. Bladder cancer was 
staged into three groups: non-muscle invasive (Ta, T1, and Tis), 
locally advanced (T2–4N0M0), and metastatic (N+ or M+)  [20] . 
These stages were determined by pathological detection in the 
radical cystectomy specimen and image studies including CT 
scan and bone scan. The T4 and T3b were determined by image 
studies, but the difference between T2 and T3a was measured by 
pathological result from the radical cystectomy specimen. Tumor 
grading was based on the WHO 1999 classification system  [21] .

  Well-trained personnel carried out standardized personal in-
terviews based on a structured questionnaire. Information col-
lected included demographic and socioeconomic characteristics, 
general potential risk factors for malignancies such as lifestyle, 
alcohol consumption, cigarette smoking in quantified details, ex-
posure to potential occupational and environmental carcinogens 
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such as hair dyes and pesticides, chronic medication history, con-
sumption of conventional and alternative medicines, and person-
al and family histories of urological diseases. The Research Ethics 
Committee of Taipei Medical University, Taipei, Taiwan, ap-
proved the study. All patients provided informed consent forms 
before sample and data collection. The study was consistent with 
the World Medical Association Declaration of Helsinki. Study 
subjects were administered the questionnaire interview; urine 
and blood samples were then collected on site and urine samples 
were stored at –20   °   C, while blood samples were separated into 
plasma and buffy coat fractions and then stored at –80   °   C until 
further use for urinary arsenic speciation, and the gene polymor-
phism assay, respectively.

  Determination of Urinary Arsenic Species 
It has been shown that urinary arsenic species are stable for at 

least 6 months when preserved at –20   °   C  [22] ; thus, the urine assay 
was performed within 6 months after collection. Frozen urine 
samples were thawed at room temperature, dispersed by ultra-
sonic waves, filtered through a Sep-Pak C18 column (Mallinck-
rodt Baker,  Phillipsburg   , N.J., USA) and levels of As III , As V , MMA V , 
and DMA V  were determined. A urine aliquot of 200  � l  was used 
for the determination of arsenic species by high-performance liq-
uid chromatography (Waters 501, Waters Associates,  Milford   , 
Mass., USA) with columns obtained from Phenomenex (Nucleo-
sil, Torrance, Calif., USA). Contents of inorganic arsenic and its 
metabolites were quantified by hydride generator-atomic absorp-
tion spectrometry  [23] . Recovery rates for As III , DMA V , MMA V , 
and As V  ranged between 93.8 and 102.2% with respective detec-
tion limits of 0.02, 0.06, 0.07, and 0.10  � g/l. The total urinary ar-
senic concentration was normalized against urinary creatinine 
levels ( � g/g creatinine). The standard reference material, SRM 
2670, contains 480  8  100  � g/l inorganic arsenic and was ob-
tained from the National Institute of Standards and Technology 
(NIST, Gaithersburg, Md., USA). SRM 2670 was used as a quality 
standard and analyzed along with the urine samples. The mean 
value of SRM 2670 determined by our system was 507  8  17 (SD)  
 � g/l (n = 4). The arsenic methylation capability was assessed by 
percentages of the various urinary arsenic species of the total ar-
senic amount. The primary methylation index (PMI) was defined 
as the ratio between MMA and inorganic arsenic (As III  + As V ) 
levels, while the secondary methylation index (SMI) was defined 
as the ratio between DMA V  and MMA V   [24] .

 MPO Genotyping
  The  MPO  –463G  ]  A polymorphism was detected by the use 

of restriction fragment length polymorphism (RFLP) after a poly-
merase chain reaction (PCR). A 350-bp DNA fragment was am-
plified using the forward primer, MPOF (5 � -CGG TAT AGG CAC 
ACA ATG GTG AG), and reverse primer, MPOR (5 � -GCA ATG 
GTT CAA GCG ATT CTT C). The reactions were heated to 94   °   C 
for 5 min followed by 35 cycles at 94   °   C for 30 s, 62   °   C for 45 s, and 
72   °   C for 1 min, with a final extension of 4 min at 72   °   C. PCR was 
performed, and 10  � l of the PCR product was digested with the 
restriction enzyme AciI. After electrophoresis, the digested prod-
ucts resulted in banding patterns indicative of the genotypes:
169-, 120-, and 61-bp fragments for the homozygous major type 
(–463GG); 289-, 169-, 120-, and 61-bp fragments for the hetero-
zygous type (–463AG), and 289- and 61-bp fragments for the
homozygous minor type (–463AA)  [15] .

  SULT1A1 Genotyping 
  SULT1A1  genotypes were examined using a PCR-RFLP-based 

assay. Two primers (forward primer, 5 -́GGGTCTCTAGGAGA-
GGTGGC, and reverse primer, 5 -́GCTGTGGTCCATGAACT-
CCT) were designed to amplify a 270-bp fragment of exon 7 that 
included the polymorphic site (codon 213,  His/C A C  to  Arg/C G C ) 
of the gene. The PCR reactions were carried out in 50  � l of 20 m M  
Tris-HCl (pH 8.4), 50 m M  KCl, 1.5 m M  MgCl 2 , 0.2 m M  deoxynu-
cleotide triphosphate, and 1 unit of Taq polymerase. The reac-
tions were heated to 94   °   C for 1 min followed by 35 cycles of 94   °   C 
for 30 s, 62   °   C for 30 s, and 72   °   C for 30 s, with a final extension of 
7 min at 72   °   C. The PCR products (270 bp) were digested with 
 Hha I and analyzed by 3% agarose gel electrophoresis. Digestion 
of each PCR product with  Hha I gave rise to 155- and 115-bp frag-
ments for the  Arg/C G C  allele and a single 270-bp fragment for the 
 His/C A C  allele  [25] .

  Statistical Analysis 
 Continuous variables are expressed as the mean  8  standard 

deviation. ANOVA and Dunnett’s test for multiple comparison 
corrections were applied to compare urinary arsenic profiles be-
tween the various tumor grades and stages. Linear regression was 
used to test the association between arsenic species and staging 
or grading of UC. The  �  2  test was used for associations of tumor 
grades and stages with genotype and demographic characteris-
tics. SAS version 8.2 (SAS, Cary, N.C., USA) was used for all sta-
tistical analyses,   and the level of significance was set at 5%.

  Results 

 Gender distribution, educational level, smoking habit, 
marital status, and MPO and SULT genotype of UC pa-
tients by stage and grade is shown in  table 1 . The UC pa-
tients were identified at various stages: 64 at the Ta/T1, 23 
at the T2, and 23 at the T3/T4 stage, while 2 were not 
available for staging; 12 were at grade I, 55 were at grade 
II, and 43 were at grade III/IV, while 2 were not available 
for grading. We found that different stages and grades 
had similar distributions by gender, marital status, edu-
cational level, and smoking habit.  MPO  genotype was 
borderline significantly related to stage, and  SULT1A1  
genotype was borderline significantly related to grade 
( table 1 ). Stage and grade of 2 patients were not deter-
mined; however their unavailability did not influence the 
distribution of stage or grade by gender, marital status, 
educational level and smoking habit.  Table 2  compares 
the urinary arsenic profiles between genders and  MPO  
and  SULT  genotypes. The mean and standard deviation 
of total arsenic, inorganic arsenic, MMA V , and DMA V  
were 25.58  8  37.60, 0.94  8  0.98, 1.62  8  1.72, and 23.01 
 8  36.58  � g/l in the 112 UC patients, respectively. Among 
UC cases, male subjects had an insignificantly higher to-
tal arsenic level, lower inorganic arsenic, higher MMA V  
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Table 1. Distribution of gender, marital status, educational level, and MPO and SULT genotype in UC patients 
by stage and grade

Stage p Grade p

Ta/T1 T2 T3/T4 NA I II III/IV NA

Total 64 23 23 2 12 55 43 2
Gender 0.40 0.61

Male 37 11 15 2 7 30 26 2
Female 27 121 8 0 5 25 17 0

Marital status 0.49 0.86
Single 0 0 1 0 0 1 0 0
Married 47 18 18 1 9 40 33 2
Divorced or widowed 16 5 3 0 3 14 7 0
NA 1 0 0 2 0 0 2 1

Educational level 0.68 0.50
Illiterate 26 7 6 0 3 22 14 0
Elementary and junior high school 31 13 13 2 8 24 25 2
Above high school 7 3 4 0 1 9 4 0

Smoking habit 51 0.23 51 0.83
Yes 23 8 11 2 6 35 26 1
No 41 15 12 0 6 20 17 1

MPO genotype
GG 45 18 18 0 0.09 9 38 33 1 0.77
GA 19 5 4 2 3 17 9 1
AA 0 0 1 0 0 0 1 0

SULT genotype
AA 57 22 22 2 0.92 11 49 41 2 0.09
AG 6 1 1 0 0 6 2 0
GG 1 0 0 0 1 0 0 0

Differences were calculated using Fisher’s exact test; NA = not available.

Table 2. Distribution of the urinary arsenic methylation profile in UC patients by gender, and the MPO and SULT 1A1 genotypes

Patients Total arsenic,
�g/g creatinine

Inorganic
arsenic, %

MMAV, % DMAV, % PMI SMI

Total 112 25.58837.60 6.3989.60 7.2285.87 86.38811.52 2.4084.88 24.91842.02
Gender

Male 65 29.69847.54 6.3386.16 7.5286.13 86.1589.59 2.0682.50 29.12851.99
Female 46 19.89814.50 6.48813.09 6.8185.52 86.72813.9 2.9887.36 18.53817.68
p valuea 0.12 0.94 0.53 0.81 0.47 0.15

MPO
GG 81 28.10843.44 6.26810.56 6.7585.93 86.98811.81 2.4985.41 27.70845.72
GA/AA 31 19.00811.69 6.7186.62 8.4585.58 84.83810.74 2.1983.21 18.25831.22
p valuea 0.09 0.79 0.17 0.37 0.75 0.24

SULT
AA 103 26.37838.99 6.5089.92 6.8885.64 86.62811.64 1.9882.36 26.36843.82
AG/GG 9 16.60811.66 5.1184.62 11.2287.14 83.67810.23 7.85816.17 10.5385.89
p valuea 0.08 0.46 0.03 0.46 0.37 0.01

Five patients were not available for PMI and 4 patients were not available for SMI.
a Student’s t test.
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percentage, and higher SMI than females. There were no 
significant differences in the urinary arsenic profiles 
among the different  MPO  genotypes. In contrast, pa-
tients   with the  SULT  AG/GG genotype had lower total 
arsenic and inorganic arsenic percentages, a significantly 
higher MMA V  percentage, and lower SMI than those with 
the  SULT  AA genotype ( table 2 ). To examine if various 
cancer stages affected the arsenic methylation capability, 
we performed an analysis, which showed that the meth-
ylation capability differed between patients at various tu-
mor stages in our case subjects ( table 3 ). T3/T4 stage cas-
es had significantly higher inorganic arsenic than T2 
stage cases, while T3/T4 stage cases had insignificantly 
higher MMA V  than T2 stage or Ta/T1 stage cases; how-
ever, the p value for ANOVA test was borderline signifi-
cant. MMA V , DMA V , and total arsenic levels were border-
line significantly increased with the stage progress. In 
contrast, the methylation capability did not differ among 
the various tumor grades in our case subjects, but inor-
ganic arsenic and MMA V  were also borderline signifi-
cantly increased with the grade progress ( table 4 ). Stage 
and grade of 2 patients were not determined; however, 
their unavailability did not influence the distribution of 

stage or grade by urinary arsenic species. The distribu-
tions of urinary arsenic species profiles in UC patients by 
cigarette smoking status and  MPO  and  SULT  genetic 
polymorphism are presented in  table 5 . It was found that 
the SMI of subjects with the  MPO  GG genotype was high-
er than that with the GA/AA genotype in nonsmokers. 
On the other hand, the DMA V  percentage of subjects with 
 SULT  AA was borderline significantly lower than that of 
subjects with the AG/GG genotype in nonsmokers (data 
not shown). Smokers with the  MPO  GG genotype had 
significantly higher DMA V  than those with the GA/AA 
genotype. Similarly, smokers with the  SULT  AA geno-
type had significantly higher SMI than those with the 
AG/GG genotype.

  Discussion 

 In this study, urinary arsenic species were used to char-
acterize the arsenic methylation capability of patients 
with UC who had drunk tap water with arsenic levels of 
 ! 50  � g/l. Grading is about the tumor behavior, staging is 
about the invasion area of the tumor. Generally grading 

Table 3. Distribution of the urinary arsenic methylation profiles of UC patients by stage

Ta/T1
(n = 64)

T2
(n = 23)

T3/T4
(n = 23)

Not available
(n = 2)

p value for
ANOVA

p value for
regression

Urinary arsenic species concentration, �g/l
Inorganic arsenic 0.9180.73 0.6280.63a 1.4281.60 0.2680.36 0.03 0.11
MMAV 1.4981.36 1.2181.63 2.4682.44 0.9480.32 0.06 0.05
DMAV 19.99815.44 17.10815.29 37.92874.36 16.42811.66 0.18 0.08

Total arsenic, �g/g creatinine 22.39816.40 18.92816.92 41.80875.59 17.61811.61 0.13 0.07

a ANOVA and Dunnett’s test, T2 vs. T3/T4, p < 0.05.

Table 4. Distribution of the urinary arsenic methylation profiles of UC patients by grade

Grade p value for
ANOVA

p value for
regressionI

(n = 12)
II
(n = 55)

III and IV
(n = 43)

not available
(n = 2)

Urinary arsenic species concentration, �g/l
Inorganic arsenic 0.7680.83 0.8480.72 1.1681.28 0.4180.58 0.30 0.09
MMAV 1.4181.18 1.3281.32 2.0782.21 1.4580.41 0.19 0.06
DMAV 26.33822.19 19.00814.66 27.26855.57 22.1383.57 0.72 0.54

Total arsenic, �g/g creatinine 28.50822.78 21.16816.70 30.49856.84 24.0082.58 0.67 0.47
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could predict the possibility of further metastasis. Staging 
was used to predict the survival rate. Inorganic arsenic, 
MMA V , DMA V , and total arsenic levels were higher in T3/
T4 patients than in T2 or Ta/T1 patients in this study. 
MMA V , DMA V , and total arsenic levels were borderline 
significantly increased with the progress of stage, and in-
organic arsenic and MMA V  were also borderline signifi-
cantly increased with the progress of grade. These find-
ings raise the possibility that a greater arsenic methylation 
capability increases the chance for a better tumor progno-
sis; however, we need further investigation.

  Arsenic exposure is associated with increases in both 
the frequency and specific types of genetic alterations in 
bladder tumors  [26] . Arsenic may cause increased genet-
ic instability in bladder tumors, possibly by deregulating 
cell cycle control pathways via epigenetic mechanisms or 
by reducing the ability of cells to properly respond to or 
repair DNA damage. Both mechanisms may enhance the 
rates of bladder cancer development, chromosomal al-
terations, and tumor progression. This suggests that in-
creasing arsenic exposure is also associated with tumor 

stage and grade  [26] . The arsenic methylation pathway 
(As V   ]  As III   ]  MMA V   ]  MMA III   ]  DMA V   ]  DMA III ) 
 [27]  was considered to be a detoxification process because 
the major methylated metabolites, MMA V  and DMA V , 
are more readily excreted and less toxic than inorganic 
arsenic  [28] . Nevertheless, the cytotoxicity  [29] , genotox-
icity  [30] , and inhibition of enzymes with antioxidant 
functions  [31]  of the minor trivalent methylated arseni-
cals, MMA III  and DMA III , are more potent than those of 
either As III  or As V . An individual’s methylation capacity 
plays an important role in determining his/her suscepti-
bility to the adverse health effects of arsenic, especially 
MMA% or the MMA/DMA ratio and arsenic-related 
skin cancer and bladder cancer  [8, 9] . Inherited genetic 
traits might play important roles in determining indi-
vidual arsenic methylation capabilities  [32] . A previous 
study proved that the  GSTM1  null genotype is related to 
the stage of bladder cancer  [33] . This suggests that in-
creased urinary excretion of unknown substances me-
tabolized by GSTM1 may promote cancer progression in 
patients with bladder cancer  [34] .

Table 5. Distribution of the urinary arsenic methylation profiles of UC patients by cigarette smoking status, and 
the MPO and SULT 1A1 genotypes

                                 Cigarette smoking: No Yes

                                         MPO genotype: GG AG/AA GG AG/AA

Urinary arsenic species concentration, �g/l
Inorganic arsenic 0.7780.64 1.0881.62 1.1380.91 0.7580.55
MMAV 1.3181.44 1.8182.21 2.0081.83 1.2981.05
DMAV 18.18813.59 17.1689.72 35.27861.75a, * 14.40810.21a, *

Total arsenic, �g/g creatinine 20.26814.73 20.05812.07 38.40862.94a, + 16.44810.91a, +

Urinary methylation index
PMI 2.8187.13 1.9081.99 2.0982.06 2.8985.22
SMI 20.22818.23a, + 13.2589.85a, + 36.88864.58 29.38854.59

                                 Cigarette smoking: No Yes

                                         SULT genotype: AA AG/GG AA AG/GG

Urinary arsenic species concentration, �g/l
Inorganic arsenic 0.9181.09 0.4280.39 1.0580.85 1.0481.02
MMAV 1.4781.76 1.5381.28 1.8481.75 2.0081.55
DMAV 18.31812.67 11.9786.71 32.41858.21 16.92814.02

Total arsenic, �g/g creatinine 20.69814.14 13.9287.36 35.30859.36 19.96816.23
Urinary methylation index

PMI 1.7581.80 12.56821.29 2.3182.99 1.5880.96
SMI 18.49816.60 10.6586.24 37.95864.70b, ** 10.3986.37b, **

a MPO genotype comparison, GG vs. AG/AA; b SULT genotype comparison, AA vs. AG/GG; ** p < 0.01;
* p < 0.05; + 0.05 < p < 0.1 tested by Student’s t test.
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  Arsenic exposure increases H 2 O 2  rather than       O2
–�  

through the mediator of nuclear Nrf2 accumulation  [35] . 
If H 2 O 2  is not neutralized, it may   react with chloride to 
generate hypochlorous acid, a potent oxidizing agent, by 
a reaction catalyzed by MPO. The  MPO  –463 A allele was 
presumed to be associated with lower levels of ROS and 
has been associated with decreased lung cancer risk  [36] . 
In this study, subjects with the  MPO  GG genotype had 
borderline significantly higher total arsenic levels than 
those with the GA/AA genotype. These results suggest 
that the G allele increases total arsenic excretion, enhanc-
es ROS levels, and influences the UC prognosis. This is 
consistent with results which found that subjects carry-
ing the  MPO  GG genotype with high arsenic exposure 
had a significantly higher hyperkeratosis risk than those 
with the  MPO  GA/AA genotype with lower arsenic expo-
sure  [37] .

  Exposure to polycyclic aromatic hydrocarbons and ar-
omatic amines, mainly through smoking or one’s occu-
pation, has been shown to be associated with bladder car-
cinogenesis  [38] . SULT1A1 involved in the metabolism of 
procarcinogens is polymorphic in humans. In this study, 
subjects with the  SULT1A1  AG/GG genotype had lower 
total arsenic and significantly higher MMA V  percentages 
and a significantly lower SMI than those with the AA 
genotype. On the other hand, T3/T4 stage subjects had 
higher total arsenic, MMA percentage and a lower DMA 
percentage than Ta/T1 subjects (data not shown). This 
possibly suggests that the  SULT1A1  AG/GG genotype
decreases total arsenic excretion, increases first-phase 
methylation (MMA%), and decreases second-phase 

methylation (DMA%), thus enhancing UC progression. 
These results are consistent with the  SULT  213His allele 
(G allele), which has been shown to be associated with 
lower enzyme activity and decreased mutagen activation 
 [39] , which might therefore result in a protective effect 
against bladder carcinogenesis  [16] . Genetic polymor-
phism of  SULT1A1  is a risk factor for urothelial cancer 
 [40] , and cigarette smoke toxicants act as substrates for 
human cytosolic SULTs  [41] . Cigarette smoking was 
found to interact with urinary arsenic profile in affecting 
the UC risk  [10] . Based on these finding, the  SULT  geno-
type might influence the arsenic methylation capability 
indirectly. Our preliminary finding requires careful con-
sideration before making meaningful inferences because 
of the limited sample size and the lack of an appropriate 
healthy control group to calculate the cancer risk. In 
summary, urinary arsenic concentrations were border-
line significantly increased with the progress of UC re-
gardless of whether or not the patients had been exposed 
to arsenic from drinking water; determining whether 
 SULT  gene polymorphism modifies UC progression re-
quires further investigations with larger samples.
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