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Abstract
Epidemiological and experimental studies have implicated
bile acids (particularly secondary bile acids) as important
factors in the development of colorectal cancer. The ileal
sodium-dependent bile acid transporter (ISBT) is a
crucial player in the enterohepatic circulation of bile
acids. Genetic defects in ISBT may result in
malabsorption of bile acids and a loss of bile acids into
the large intestine, with a resultant increase in the
cytotoxic secondary bile acids in the colon. In a casecontrol study, we investigated the association between two
sequence variations in SLC10A2, the gene encoding ISBT,
and colorectal adenomas, a precursor lesion of colorectal
cancer. The frequency of the missense mutation in codon
171 of exon 3 (a nucleotide transversion from G to T
resulting in an alanine to serine substitution) was not
significantly different between cases and controls.
However, we found a 2-fold higher risk of colorectal
adenomas associated with a C3 T nucleotide transition in
codon 169 of exon 3 (odds ratio ⴝ 2.06; 95% confidence
interval: 1.10 –3.83). Logistic regression analysis using
A171S/169 C3 T haplotypes as the allelic markers showed
that among AA wild-type homozygotes for A171S
mutation, this C3 T nucleotide transition in codon 169
was associated with a 2.42 times increased risk (odds
ratio ⴝ 2.42; 95% confidence interval: 1.26 – 4.63). This
initial observation of an association between a
polymorphism in the SLC10A2 gene and the risk of
colorectal adenomatous polyps would, if confirmed by
other studies, support the role of bile acids in the
carcinogenesis of colorectal cancer.
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Introduction
Epidemiological and experimental studies suggest that bile
acids, and secondary bile acids in particular, may play an
important role in colorectal carcinogenesis (reviewed in Ref. 1).
Bile acids are the major end products of cholesterol metabolism. There are two classes of bile acids. Primary bile acids
(cholic acid and chenodeoxycholic acid) are synthesized initially in the liver primarily by 7␣ hydroxylation of cholesterol
followed by several intermediate steps. After conjugation with
glycine or taurine, they are secreted into bile and stored in the
gall bladder. After a meal, they are released into the lumen of
the upper small intestine to facilitate the digestion and absorption of dietary fats. Secondary bile acids (mainly sodium deoxycholate and lithocholic acid) are produced in the colon after
the deconjugation and dehydroxylation of primary bile acids by
the bacteria that dwell in the colonic lumen. Bile acids in the
intestine are absorbed and returned to the liver through the
portal vein. They are then extracted by hepatocytes and secreted
into bile. This is the so-called EHC.3 EHC is a very efficient
way of recycling bile acids. About 95% of the bile acids passing
through the intestine are reabsorbed, and only a small fraction
escapes the EHC and is lost in the feces. Although the passive
absorption of primary and secondary bile acids occurs throughout the intestine, they are primarily absorbed in the ileum by
active transport (2, 3). It is reasonable to postulate that any
factor that causes an interruption in this active absorption would
lead to an increased amount of bile acids passing into the colon.
This would result in an increased exposure of the colorectal
epithelium to secondary bile acids (either from the direct passage through the ileum-colon junction or from the increased
bacterial transformation from primary bile acids), which have
been shown to be tumor promoters in animal studies (1). The
ISBT, localized at the apical site of ileal enterocytes, is thus far
the only molecule identified to be responsible for the active
transport of bile acid in the ileum (4). Recently, a gene
(SLC10A2) encoding ISBT was cloned and mapped to chromosome 13q33. SLC10A2 is composed of 6 exons, which span
⬃24 kb of DNA sequence, encoding a 348 amino acid membrane glycoprotein with seven transmembrane helices (5). Four
mutations, including a 3-nucleotide substitution at the splice
donor site for exon 3, missense mutations A171S in exon 3,
L243P in exon 4, and T262M in exon 5, were identified in a
study of a family with congenital primary bile acid malabsorption by single-stranded conformational polymorphism analysis.
Three of the mutations were found to be functional. The 3nucleotide substitution was predicted to cause exon skipping.
Functional studies found that the missense mutations L243P

3
The abbreviations used are: EHC, enterohepatic circulation; ISBT, ileal sodiumdependent bile acid transporter; LDL, low-density lipoproteins; OR, odds ratio;
CI, confidence interval.
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and T262M could affect the transport activity of ISBT (6). Our
study group performed mutation screening of all 6 exons of
SLC10A2 and found 6 more mutations and polymorphisms.4
We hypothesized that the known functional mutations in
SLC10A2 may be associated with the risk of colorectal cancer
by diminishing the efficiency of EHC. Nonfunctional polymorphisms may also be associated with risk of colorectal cancer if
they are in linkage disequilibrium with functional alleles. We
report here the results of a case-control study of adenomatous
polyps, precursors of colorectal cancer, and selected markers of
SLC10A2.

Fig. 1. Genotyping of A171S polymorphism. The figure shows two DNA fragments of 200 bp and 120 bp that correspond to the products from internal
amplification control primers and allele-specific primers, respectively. Sample 1,
heterozygote AS; Sample 2 and Sample 3, homozygote AA; Sample 4, homozygote SS; Sample 5, H2O (negative control).

Materials and Methods
Subjects. Subjects were obtained from a sigmoidoscopy-based
case-control study of colorectal adenomatous polyps. A detailed description of this study can be found in a previous
publication (7). In brief, cases and controls were selected from
subjects who underwent a sigmoidoscopy in either of the two
Southern California Kaiser Permanente Medical Centers (Bellflower and Sunset, CA) during the period from January 1, 1991
to August 25, 1993. Cases were diagnosed for the first time
with one or more histologically confirmed colorectal adenomas.
Controls had no history of polyps and were free of polyps at the
sigmoidoscopy and were individually matched to cases by
gender, age (within 5-year category), date of sigmoidoscopy
(within 3-month category), and Kaiser Permanente Center.
Cases and controls were: (a) 50 –74 years of age at the time of
recruitment; (b) residents of Los Angles or Orange County; and
(c) fluent in English. The exclusion criteria were: (a) having a
history of invasive cancer, inflammatory bowel disease, or
familial polyposis; (b) having symptoms that suggested gastrointestinal disease; and (c) having physical or mental disability
that would preclude an interview. The study was approved by
the University of Southern California and the Kaiser Permanente Institutional Review Boards. All of the subjects signed
informed consents.
Mutation Detection. Twenty-eight (a manageable sample size
for mutation screening) cases with the lowest serum LDL levels
among all of the cases of this case-control study were selected
for the purpose of mutation screening. This number of test
subjects should allow 80% power to detect polymorphic alleles
present at a frequency of ⬎3% (based on the assumption that
the sensitivity of mutation detection is ⱖ90% for sequencing
and for nonisotopic RNase cleavage assay). The subject selection strategy was based on the assumption that dysfunctional
mutations in SLC10A2 would lead to a loss of bile acids in the
ileum. The loss of bile acids would result in an increased
synthesis of bile acids from cholesterol in the liver and, thus,
may cause a low serum level of cholesterol. Consequently,
choosing cases with low LDL for mutation screening would
provide us with the greatest chance of finding at-risk mutations/
polymorphisms in SLC10A2 for colorectal adenomas, under the
assumption that their low LDL was not attributable to LDLlowering drugs. Sequence information on the human SLC10A2
gene was obtained from GenBank (accession no. U67669U67674). Direct sequencing was used for the screening of
mutations in exons 2 and 3. Nonisotopic RNase cleavage assay
was used for mutation screening in exons 1, 4, 5, and 6. Six new
mutations/polymorphisms were found. A C to T nucleotide
transition in codon 169 of exon 3 (no amino acid change,

leucine3leucine) was the most frequent polymorphism found
among all of the newly identified mutations/polymorphisms,
with an allele frequency of 8.9% (5/56). Among the four
mutations reported previously, only A171S (a nucleotide transversion from G to T, resulting in an alanine to serine substitution at amino acid position 171) had a relatively high allele
frequency of 12.5% (7/56). To have enough statistical power to
detect any significant genetic differences between cases with
colorectal adenomas and controls, we chose to study only the
most frequent polymorphisms, A171S and 169 C3 T.
Genotyping. A171S and 169 C3 T genotyping was performed
on 1013 subjects who provided a blood specimen. PCR amplification of specific alleles was used as the genotyping technique
(8). For A171S genotyping, the forward primer for the A allele
was 171cg (5⬘-CATCTTTAGGTACATCTCTGGTCG-3⬘).5
The forward primer for the S allele was 171ct (5⬘-CATCTTTAGGTACATCTCTGGTCT-3⬘).5 The reverse primer was 3R
(5⬘-GGTTTTGATTGTCACAGTGGAATA-3⬘). Another primer
set was used as an internal amplification control for A171S
genotyping. The sequences were (5⬘-CTCTTAAGGGCAGTTGTGAG-3⬘) for the forward primer 5F and (5⬘-TTCCTACTGTGGTTGCTTCC-3⬘) for the reverse primer 5R. DNA (20 ng)
was added to a final volume of 25 l containing 1 ⫻ PCR
buffer (50 mM KCl, 10 mM Tris-HCl, and 0.1% Triton X-100),
0.3 mM deoxynucleoside triphosphate mixture, 80 nM of each
primer, 1.5 unit of Taq DNA Polymerase (Promega, Madison,
WI), and 2.3 mM MgCl2. A PCR program of 35 cycles (94°C
denaturing for 30 s, 55°C annealing for 30 s, and 72°C extension for 30 s) was conducted using PTC-100 thermal cycler (MJ
Research, Waltham, MA), preceded by a 5-min denaturing at
94°C and an 85°C hot start stage and followed by an extension
step of 72°C for 5 min. The product sizes were 200 bp for the
internal amplification control and 120 bp for either the A allele
or the S allele. PCR products were loaded onto a 2.5% native
agarose gel. The PCR products of primers 171cg and 3R were
loaded in Lane A. The products of primers 171ct and 3R from
the same sample were loaded in the adjacent Lane S. We scored
samples with the presence of a 120-bp band in Lane A and the
absence of 120 bp in Lane S as homozygous AA; we scored
samples with the presence of 120-bp band in Lane S and the
absence of 120-bp band in Lane A as homozygous SS; we
scored samples with the presence of 120-bp band in both Lanes
A and S as heterozygous AS (Fig. 1). Samples without the
200-bp PCR products in either Lane A or Lane S were considered not scorable because of poor PCR amplification, and these
samples were reamplified. The same method was used for the
genotyping of 169 C3 T. The forward primers used were

4
S. Xue. Polymorphisms in the ileal sodium-dependent bile acid transporter gene
(SLC10A2), manuscript in preparation.

5
The underlined is the position of the mismatch between primers or the mismatch
between primer and genomic sequence.
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Table 1 Characteristics of subjects with colorectal adenoma and controls
Colorectal adenoma cases
(n ⫽ 458)

Fig. 2. Genotyping of polymorphism 169 C3 T. The figure shows two DNA
fragments of 219 bp and 157 bp that correspond to the products from internal
amplification control primers and allele-specific primers, respectively. Sample 1,
homozygote CC; Sample 2, heterozygote CT.

Gender
Male
Female
Ethnicity
Non-Hispanic white
African-American
Hispanic white
Asian/Pacific Islander
Mean age (SD)

Table 2

169wt (5⬘-CCTTCTGTCATCTTTAGGTACATCAC-3⬘)5 for
allele C and 169 M (5⬘-CCTTCTGTCATCTTTAGGTACATCAT-3⬘)5 for allele T. The reverse primer was the same one as
that used in A171S genotyping. The primers used for internal
control of PCR amplification were X5F (5⬘-AAAACATGTGCTCTCTTAACATCTTC-3⬘) and X5R2 (5⬘-TCATGAAATGGGATTGGC-3⬘) for 169 C3 T genotyping. The PCR reactions were carried out in a final volume of 25 l containing 20
ng of DNA, 1 ⫻ PCR buffer, 0.3 mM deoxynucleoside triphosphate mixture, 125 nM of internal amplification control primers,
80 nM of allele-specific primers, 1.5 unit of Taq DNA Polymerase (Promega), and 3.5 mM MgCl2. The same PCR profile
as in A171S genotyping (except for an annealing temperature of
58°C) was used for the genotyping of the 169 C3 T polymorphism. PCR products were then loaded onto a 2.5% native
agarose gel. The PCR product from X5F and X5R2 had a size
of 219. In addition to this band, a 157-bp product in Lane C but
not in Lane T indicates a sample homozygous for genotype CC.
Samples with a 157-bp in Lane T but not in Lane C were scored
as TT homozygotes. Samples with a 157-bp band seen in both
lanes were called CT heterozygotes (Fig. 2). With each batch of
samples being genotyped, a negative control (H2O) and a positive control (sample ascertained to have the mutant allele) were
included. Lab personnel assigning genotypes were blind to the
case-control status of the subjects. All of the genotyping results
were independently confirmed by a second reader. Sequencing
was performed on all of the samples with ambiguous readings.
Statistical Methods. Tests for Hardy-Weinberg equilibrium
were performed in each ethnic group by comparing observed
genotype frequencies with the expected ones using a 2 test.
Because missing data resulted in the existence of unmatched
cases and controls in the dataset (7), unconditional logistic
regression was used to estimate the odds ratios for each of the
two loci (codon 171 and 169). Ethnicity and all of the matching
variables: gender, age (categorical variable with 5-year intervals), date of sigmoidoscopy (categorical variable with 3-month
intervals), and Kaiser Center (Bellflower or Sunset) were adjusted for in the logistic regression model. Odds ratios for
haplotypes of the two loci were also estimated. All of the Ps
resulted from two-sided tests.
Results
This study included 458 cases of colorectal adenoma and 504
controls with both A171S and 169 C3 T genotypes available.
The demographic characteristics of the subjects are listed in
Table 1. Overall, the mean age of subjects was 62 years. There
were more males than females. More than half of the study

Controls
(n ⫽ 504)

296 (67.1%)
162 (32.9%)

338 (64.6%)
166 (35.4%)

256 (55.9%)
77 (16.8%)
80 (17.5%)
45 (9.8%)
62.0 (6.81)

273 (54.2%)
85 (16.9%)
91 (18.1%)
55 (10.9%)
62.0 (6.77)

Associations between the risk of colorectal adenoma and genotypes
of A171S and 169 C 3 T

Genotype
A171S
AA
AS
SS
Total
169 C 3 T
CC
CT
Total

No. of cases
(%)

No. of controls
(%)

Odds ratio (95% CI)a

343 (74.9)
100 (21.8)
15 (3.3)
458

386 (76.6)
104 (20.6)
14 (2.8)
504

1.00
1.12 (0.81–1.54)
1.22 (0.58–2.60)
P ⫽ 0.41b

428 (93.4)
30 (6.6)
458

487 (96.6)
17 (3.4)
504

1.00
2.06 (1.10–3.83)

a
Odds ratio after the matching variables (age, gender, date of sigmoidoscopy, and
Kaiser Center) and ethnicity were adjusted. Additional adjustment of LDL (categorical variable by quintiles) did not change the odds ratios appreciably.
b
Test for trend.

subjects were non-Hispanic whites, followed by African-Americans, Hispanic whites, and Asian or Pacific Islanders. These
demographic characteristics were fairly comparable for cases
and controls.
Among all of the healthy controls, allele S at locus 171 had
a frequency of 13.1% and allele T at locus 169 had a frequency
of 1.7%. The genotype frequencies for both loci were found to
be in Hardy-Weinberg equilibrium in each ethnic group (data
not shown).
Adjusted odds ratios for A171S and 169 C3 T genotypes
are shown in Table 2. The A171S genotypes were not significantly associated with risk of colorectal adenoma (P for trend
test, 0.41). However, for the 169 C3 T polymorphism, CT
heterozygotes were at an ⬃2-fold higher risk, compared with
CC homozygotes.
Although the 169 C3 T polymorphism itself is not functional, it may be a marker for some unidentified functional
at-risk alleles in the SLC10A2 gene. Nevertheless, if the linkage
disequilibrium between this marker and the at-risk allele is not
perfect, using the marker allele will cause misclassification of
the at-risk allele and result in attenuated odds ratios. Therefore,
we also examined A171S/169C3 T haplotypes, which may be
better markers than either A171S or 169C3 T alone.
Because there were no subjects genotyped as double
heterozygotes (AS, CT), A171S/169 C3 T haplotypes could
be inferred from A171S and 169 C3 T genotypes for all of the
subjects. Using the most frequent allelotype, AC/AC, as
the baseline, we estimated the adjusted odds ratio for each of
the other allelotypes (Table 3). A significantly increased risk
of colorectal adenomas was found to be associated with the
AC/AT allelotype (OR, 2.42; 95% CI, 1.26 – 4.63), indicating
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Table 3

A171S

Association between the risk of colorectal adenoma and haplotypes
of A171S and 169 C 3 T
169
No. of cases No. of controls
Haplotype
C3T
(%)
(%)

AA
AS
SS

CC
CC
CC

AC/AC
AC/SC
SC/SC

313 (68.3)
100 (21.8)
15 (3.3)

371 (73.6)
104 (20.6)
12 (2.4)

AA
SS

CT
CT

AC/AT
SC/ST

30 (6.6)
0 (0)

15 (3.0)
2 (0.4)

Odds ratio
(95% CI)a
1.00
1.17 (0.85–1.61)
1.50 (0.68–3.28)
P ⫽ 0.18b
2.42 (1.26–4.63)
NAc

a

Odds ratio after the matching variables (age, gender, date of sigmoidoscopy, and
Kaiser Center) and ethnicity were adjusted.
b
Test for trend.
c
NA, not applicable. Not estimated because of empty cell.

that among AA homozygotes for A171S, the T allele was associated with the risk. There was an increase in risk estimate
associated with the T allele in Table 3 compared with Table 2.
Analyses found that the change in the risk group (with two
controls and no cases reclassified in Table 3) could only explain
part of this increase in odds ratios (data not shown), suggesting
that this increase in risk estimates was at least partly attributable
to the fact that haplotypes may be better markers for the
yet-to-be identified at-risk allele.
The effect of the T allele could not be evaluated among AS
heterozygotes or SS homozygotes because of small numbers.
For the A171S polymorphism, among carriers of CC genotype
at the 169 locus, the magnitudes of odds ratios for S alleles were
also found to be higher than the ones we reported in Table 2,
although the trend was still not significant.
Race-specific allele frequencies for these two sequence
variations were examined. The mutant allele S was found to be
most common in the Asian/Pacific Islander ethnic group, with
a frequency of 25.5%. Hispanic whites had a frequency of
13.7%. The frequency for this allele was similar for the other
two ethnic groups (about 10%). As to the T allele at locus 169,
American-Africans had the highest frequency (4.7%), followed
by non-Hispanic whites (1.5%), and Hispanic whites (0.5%).
This T allele was not found among Asian/Pacific Islanders. We
were unable to conduct informative analyses in each of the
ethnic groups because of small race-specific sample sizes.
Analyses on non-Hispanic whites (the largest ethnic group in
this study) alone produced very similar odds ratios to the ones
reported in Tables 2 and 3. We also observed the same pattern
of an increase in the magnitude of odds ratios for S alleles
among carriers of CC genotype, although the trend test was still
not significant. The haplotype AC/AT was still associated with
a significantly increased risk (OR, 2.74; 95% CI, 1.07–7.00).
Discussion
Bile acids, especially secondary bile acids, have been implicated in the etiology of colorectal cancer. Although the precise
mechanism by which secondary bile acids increase colorectal
cancer risk is not clear, the cytotoxicity of secondary bile acids
has been indicated as one mechanism behind their tumorpromoting activity (9, 10). Secondary bile acids were found to
be able to cause the disruption of the cell membrane of colonic
mucosa cells in rats and humans (11, 12). In vitro, they were
also found to cause DNA damage in both bacterial and mammalian cells (13).
It is generally accepted that the damage and the death of
colorectal epithelial cells would in turn stimulate the proliferation of crypt cells to compensate for the dead cells. Together

with higher level of deoxycholic acid and lithocholic acid in
fecal water, colonic epithelial hyperproliferation was observed
in patients with colonic adenomas or cancers and was considered to be a biomarker of increased colon cancer risk (14, 15).
More recent studies suggested that a preferential survival
of mutated apoptosis-resistant colonic cells resulting from a
long-term exposure to bile acids may be a putative explanation
of the link between neoplasm formation and bile acids. Apoptosis is a mechanism for natural cell death. The ability to
undergo apoptosis is important to eliminate unrepaired DNA
damage caused by damaging agents such as bile acids. It was
observed that mucosal biopsies from colorectal cancer patients
had less susceptibility to bile acid-induced apoptosis compared
with mucosa from cancer-free controls. It is hypothesized that
the selective survival of apoptosis-resistant cells may lead to an
accumulation and retention of DNA damage and mutations
(including those that are carcinogenic), which may result in a
greater chance of cancer development (16).
Descriptive epidemiological studies have repeatedly reported that population groups at high risk of colorectal cancer
had an elevated excretion of fecal bile acids, often accompanied
by an increased ratio of secondary bile acids to primary bile
acids (17–20). Some case-control studies also reported that
patients with colorectal cancer or polyps had significantly
higher levels of fecal deoxycholic acid and lithocholic acid than
controls (15, 21). However, other case-control studies did not
find significant differences in the concentration of fecal bile
acids (total bile acids, primary bile acids, or secondary bile
acids) between patients with colorectal adenomas and controls
(22, 23).
The substantial inter- and intra-individual variation in
the fecal bile acids may be a major cause of the inconsistency
of these case-controls studies. There are many variables that
could affect the fecal bile acid profile extensively, such as
age, dietary habits, transit time, stool size, hepatic function,
intestinal disease, and possible previous bowel surgery. For
example, it was found that the concentration of fecal secondary bile acids increased with advancing age and was
significantly higher in elderly subjects compared with young
adults (1). If the cases were older than the controls (which
may likely be the case if age is not matched or adjusted for
in a case-control study on cancer), we would expect a positively biased result. In other studies, the proportion of
secondary bile acids in total fecal bile acids was strongly
correlated with both transit time and stool weight (21). Also,
the collection and storage of fecal samples and the chemical
method chosen to measure the fecal bile acids may make the
measurements from different studies incomparable. The reported normal range for fecal bile acid reported in previous
studies was very wide and depends on the measurement
methods (24). Day-to-day variation in fecal bile acid excretion as high as 400% was found by Setchell et al. (24). Even
within one stool sample, a sampling error for fecal bile acid
measurement may occur because of the lack of mixing of
colonic contents. On the basis of these findings, a 3-day or
5-day sample collection has been recommended, which is not
feasible for large-scale epidemiological studies and may not
be a good indicator for long-term bile acid exposure.
In contrast to fecal samples, serum bile acid levels show
much less variation. Results from epidemiology studies based
on serum bile acids were more consistent. Higher serum concentration of deoxycholic acid (major secondary bile acids in
serum) was seen in patients with adenoma than in healthy
controls (25, 26), and this difference still existed at 6-months
and 12-months of follow-up (27). However, as the authors
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noted, serum bile acids may still be affected by many factors
(such as the dietary habits, transit time, the absorption of bile
acid by the ileocytes and the colonic mucosa, and the hepatic
clearance, gallstones). So it may not be a good indicator for
lifetime bile acid exposure either.
The finding of polymorphisms in genes involved in bile
acid metabolism may provide us with a more reliable way to
assess the bile acid hypothesis in epidemiological studies.
To our knowledge, our study is the first one to estimate the
risk of colorectal adenoma associated with genetic variation in
SLC10A2, the gene encoding the ISBT. ISBT is one of the key
molecules in the enterohepatic circulation of bile acids and the
only recognized bile acid transporter in the apical membrane of
the intestine. It acts in the ileum, where a significant portion of
the bile acids is reabsorbed from the intestine and then re-enters
the enterohepatic circulation. The functional significance of
SLC10A2 in the bile acid metabolism is demonstrated by the
study conducted by Oelkers et al. (6). In their study, three
functional mutations in SLC10A2 were found to be responsible
for primary bile acid malabsorption, a disorder associated with
congenital diarrhea, steatorrhea, bile acid malabsorption, and
low plasma cholesterol levels. The association between polymorphisms in the SLC10A2 gene and colorectal cancer risk
observed in our study is supported by an experimental study
conducted by Kanamoto et al. (28). They reported that the
elimination of the ileal sodium/bile acid transporter by ileal
resection increased the incidence and the total number of colon
tumors in rats.
In our study, the cases and controls were ascertained
through sigmoidoscopy. Controls had no history of polyps
and had no adenomas detected by sigmoidoscopy at the time
of enrollment. However, the entire colon was not examined
in the controls, which means adenomas may exist in the right
colon of controls that were beyond the reach of a sigmoidoscope. It is estimated that about 15–17% of subjects who
have no polyps detected by sigmoidoscopy have adenomas
beyond the reach of the sigmoidoscope (29). Under the
assumption that bile acids play the same roles in left- and
right-sided adenomas, this misclassification of disease status
would result in a bias toward the null hypothesis. However,
if differences exist in the etiology of left- versus right-sided
adenomas, then there is no bias, and our study result only
applies to left-sided adenomas. Some studies suggest that
bile acids may have differential effects within the colon. For
example, in a case-control study by Todoroki et al. (30), a
moderate increase in risk associated with cholecystectomy
(which increases the load of secondary bile acids in the
intestine) was only observed for proximal colon cancer, not
for distal colon cancer.
In summary, the positive association between the genetic polymorphism (169 C3 T) of SLC10A2 and colorectal
adenomas supports the role of bile acids in the etiology of
colorectal adenomas. However, cautions have to be taken
when using this genetic polymorphism as a marker for colorectal adenoma risk, because the linkage disequilibrium between this marker allele and the presumed functional at-risk
allele may differ by ethnic groups. Functional studies of the
SLC10A2 gene are under way to identify the functional
genetic variation(s). Although the association we observed is
biologically plausible, we recognize that the association may
also be attributable to chance. Given the biological rationale
for an effect of this gene, we believe this initial observation
warrants confirmation by other studies.
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