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Abstract

To evaluate the role of chronic inflammation in the development of gallstones and biliary tract
cancer, we examined the risk associated with 62 single nucleotide polymorphisms (SNPs),
including 22 inflammation-related genes, based on a population-based case-control study
conducted in Shanghai, China, where the incidence of biliary tract cancer has been increasing in
recent decades. The study included 411 cases with biliary tract cancer (237 gallbladder, 127
extrahepatic bile duct, and 47 ampulla of Vater), 895 with biliary stones, and 786 controls
randomly selected from the population. Unconditional logistic regression was used to calculate
odds ratios (ORs) and 95% confidence intervals (CIs) for the association of individual single
nucleotide polymorphisms (SNPs) and haplotypes with biliary stones and biliary tract cancer. Of
the 62 SNPs examined, 14 were related to the risk of biliary cancer and stones. Specifically,
variants in the IL8, ILBRB, RNASEL, and NOS2 genes were associated with biliary stones, while
VEGF variants were associated with gallbladder cancer. Of the 10 genes with multiple SNPs from
which we inferred haplotypes, only one IL8RB haplotype, consisting of 3 SNPs (rs2230054,
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rs1126579, rs1126580), was associated with the risk of bile duct cancer (p=0.003) and biliary
stones (p=0.02), relative to the most frequent haplotype. In summary, common variants in genes
that influence inflammatory responses may predispose to gallstones and biliary tract cancer,
suggesting the need for future studies into the immunologic and inflammatory pathways that
contribute to biliary diseases, including cancer.
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Introduction

Biliary tract cancers, encompassing tumors of the gallbladder, extrahepatic bile ducts, and
ampulla of Vater, are rare but highly fatal malignancies (1). High incidence rates are
reported for Native Americans and Hispanics living in the United States and among certain
populations in Central and South America, Eastern Europe, and some parts of Asia,
including China, Korea, Japan, and India (1,2). Apart from ethnicity and gallstones, the
causes of biliary tract cancer are unclear (1,4). However, the large geographic and racial
variation in incidence suggests that both genetic and lifestyle factors are important. In
previous clinical and population-based studies, inflammatory processes associated with
gallstones and cholecystitis have been linked to the development of gallbladder cancer,
while primary sclerosing cholangitis predispose to bile duct cancer (1,3,4). In previous
analyses from our case-control study in Shanghai, we reported that: a) gallstones are
associated with an 18-fold risk of gallbladder cancer; b) the combination of gallstones and
cholecystitis increases the risk of gallbladder cancer by 34-fold (3); ¢) use of aspirin and
other non-steroidal anti-inflammatory drugs (NSAIDs) reduced the risk of biliary tract
cancer (5); d) chronic infection with hepatitis B virus doubled the risk of extrahepatic bile
duct cancer (6); and €) variants in the inflammatory gene, PTGS2 (commonly called COX2),
were associated with an increased risk of extrahepatic bile duct cancer (7).

Common variants in inflammation-related genes may alter the expression of inflammatory
cytokines and chemokines, thereby predisposing to gallstones and/or biliary tract cancer (8).
To further clarify the role of inflammation in biliary diseases, we examined the risks of
biliary stones and cancer associated with 62 single nucleotide polymorphisms (SNPs) in 22
inflammation genes in a population-based study conducted in Shanghai, China, where the
incidence of biliary tract cancer is increasing rapidly in recent years (9).

Material and Methods

Study Population

Details of the study have been reported elsewhere (3,5-7,10-12). Briefly, primary biliary
tract cancer cases (ICD-9 156) diagnosed between 1997 and 2000 were identified through a
rapid-reporting system established by the Shanghai Cancer Institute (SCI) with 42
collaborating hospitals in urban Shanghai. This system captured more than 95% of all biliary
tract cancers diagnosed in Shanghai. Case patients were permanent residents of urban
Shanghai between 40 to 75 years of age. A total of 411 patients with biliary tract cancer
(237 gallbladder, 127 bile duct, and 47 ampulla of Vater) were included. In addition, we
selected a total of 1,037 biliary stone cases (774 gallstone and 263 bile duct stone patients)
from the same hospitals from which the cancer cases were selected. Biliary stone cases had
no history of cancer and were matched to index cancer cases on gender, age (within 5 years),
and hospital. A total of 959 healthy subjects who were randomly selected from the urban
Shanghai population (6.5 million permanent residents), using the Shanghai Resident
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Registry records, were included in this study as population controls. Controls were free of
non-skin cancer and were frequency-matched to cancer cases in a 1-to-1 ratio by age (within
5 years) and gender distributions. All study subjects provided written informed consent. The
Institutional Review Boards of the National Cancer Institute and SCI approved the study
protocol.

Clinical and Pathology Review

Interviews

Review of pathology slides, imaging data, medical records, and surgical reports were carried
out to confirm the diagnosis of both biliary tract cancer and stone cases. All cancer cases
underwent magnetic resonance imaging (MRI), endoscopic retrograde
cholangiopancreatography (ERCP), or computed tomography (CT). Pathology slides were
obtained for 70% of cancer cases who underwent surgery and were reviewed by pathologists
from Shanghai and US. Imaging studies, pathology and surgical reports, and medical records
were reviewed by a panel of clinicians, ultrasonographers, and pathologists for the presence
of cancer. Biliary stone cases were confirmed by abdominal ultrasound and ERCP films, and
pathology slides for those who underwent a cholecystectomy.

Study subjects were interviewed by trained interviewers, using a structured questionnaire to
obtain information on demographic, lifestyle, and dietary factors. Cases were interviewed
within 2 weeks of diagnosis. At interview, weight and height were measured. The response
rate for interviews was over 95% for cases and 82% for controls. For quality-control
purposes, all interviews were recorded and reviewed to ensure adherence to the study
protocol. In addition, 5% of the subjects were randomly re-interviewed within three months
to assess reproducibility; the concordance between the two interviews on responses to key
questions was greater than 90%.

Assessment of Biliary Stones

Biliary stones status was assessed for all study subjects. Among cancer cases, biliary stone
disease was identified by self-report from interview data and clinically from medical,
surgical, and radiology records, including MRI, ERCP, CT, and ultrasound results. Among
population controls, biliary stones were assessed by self-reported history and by abdominal
ultrasound among those who gave consent for the procedure, which was 85% of population
controls.

Blood Collection and Genotyping

Blood collection—Over 80% of the participants donated an overnight fasting blood
sample for the study. Buffy coat samples were processed within four hours of collection at a
laboratory in Shanghai Cancer Institute, stored at —70°C, and shipped to the U.S. on dry ice.

Genotyping—Genomic DNA was extracted from buffy coat using the phenol-chloroform
extraction method. All genotyping was conducted at the National Cancer Institute Core
Genotyping Facility (CGF, Advanced Technology Corporation, Gaithersburg, MD)
(http://cgf.nci.nih.gov/home.cfm) using the TagMan assay (Applied Biosystems, Foster
City, CA). The sequence information and validated assays are provided at
http://snp500cancer.nci.nih.gov (13).

Gene and SNP Selection—The variants included in the study were chosen on the basis
of a priori evidence suggesting possible functional consequences or previous association
studies showing a link between inflammation or cancer. In addition, certain SNPs were
selected for additional gene coverage for haplotype analysis, although the inclusion of these
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SNPs was limited by the availability of validated assays. A total of 62 SNPs in 22 genes,
including IL1A, IL1B, IL4, IL5, IL6, IL8, IL8RA, IL8RB, IL10, IL13, IL16, PPARD, PPARG,
RNASEL, SOD2, MPO, NOS2, NOS3, TGFB1, TNF, VCAM1, and VEGF were typed (Table
1).

Quality Control—For quality control (QC), 20 replicate samples from each of four blood
donors and duplicate samples from 100 study subjects processed in an identical fashion were
interspersed for all genotyping assays and blinded from the laboratory personnel.
Concordance of genotyping on 80 samples from 4 QC subjects was >99%. Genotyping
failure rate was less than 2% for each SNP.

Statistical Analysis

Analysis was performed on 411 incident cases with biliary tract cancer, 895 biliary stones,
and 786 healthy controls. Differences in selected characteristics between cases and controls
were tested using Fisher’s exact test for categorical variables and the t-test for continuous
variables. In order to make appropriate case-control comparisons, gallbladder cancer cases
were compared with controls without a history of cholecystectomy; bile duct cancer cases
and ampulla of Vater cancer cases were compared with all controls; and biliary stone cases
were compared with population controls without biliary stones.

Among control subjects, genotype frequencies for each marker were examined for deviation
from Hardy-Weinberg equilibrium (HWE), using the asymptotic chi-squared test.
Differences in genotype frequencies between controls and cancer or stone cases were
assessed with Fisher’s exact test. Only SNPs whose genotype distribution was in HWE
among controls were included in the analysis. Unconditional logistic regression was used to
assess the relationship of each SNP with the risk of biliary stones and biliary tract cancer at
each anatomic subsite, adjusting for age and gender. For each marker, odds ratios (ORs) and
95% confidence intervals (Cls) for the homozygous and heterozygous genotypes were
calculated in reference to the most frequent homozygous genotype. Additional logistic
regression models were run with further adjustment for biliary stone status to evaluate
potential confounding by this factor, since individuals diagnosed with biliary tract cancer
and stones may have similar susceptibility profiles. The risk of biliary stones associated with
each marker was also estimated, controlling for age and gender, by comparing gallbladder or
bile duct stone cases to the subset of population controls without stones. Our aim was to
identify single-marker genetic associations with effects consistent with an additive model, a
dominant model, or a codominant model with a monotonic relationship between the risk of
disease and the number of copies of the variant allele. For this reason, we used the Cochran—
Armitage Trend Test (with genotype scores of 0, 1, and 2) to screen for association, because
it is optimal for the additive model but is also sensitive to associations with dominant and
monotonic effects. Statistical associations between SNPs and biliary stones and cancers
were also assessed using the linear test of trend (p-trend) for the number of copies of the
variant allele (0,1,2) and for the presence or absence of the variant allele (0, 1). In addition,
the likelihood ratio test was used to formally test for multiplicative interactions between
lifestyle factors and SNPs on stone and cancer risk. The risk estimate was not calculated for
a genetic variable if the frequency in either the case or control group was less than 5. To
assess the overall gene effects on biliary tract cancer and stone risk while accounting for
multiple comparisons, the Simes global test was used to calculate a summary p-value for
each of the 10 genes for which we examined multiple SNPs (14,15). This test is based on the
adjusted p-value for the minimum of the p-trend values of all SNPs within each gene; thus it
effectively accounts for multiple SNP testing by controlling the familywise error rate (i.e.,
the chance that any marker is erroneously declared to be associated with disease will be
<5%, if in fact no polymorphism is truly associated) (14).
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We also examined the association between the haplotypes of the 10 genes with multiple
SNPs and the risk of biliary stones and cancers. Among population controls, linkage
disequilibrium (LD) between these loci was assessed by calculating pariwise Lewontin’s D’
and r2 using Haploview version 3.11 (16). The logistic regression with haplotypes was
similar to that with single SNPs. We used the most common haplotype as the referent and
estimated the OR and 95% CI for other haplotypes relevant to this referent. To circumvent
the challenge of phase ambiguity, which is a special missing data issue in that the haplotype
phase is missing, we employed the method described by Schaid et al (17) implemented in
the haplo.stat package in R. This approach uses an Expectation-Maximization algorithm to
account for the phase ambiguity and permits modeling of the association of haplotypes, as
well as haplotype-environment interactions, with continuous and discrete outcomes (17). It
also allows testing of global differences in haplotype frequencies between cases and
controls. Only those haplotypes with frequencies above 1% were included in our analysis.

Selected characteristics of the study subjects are shown in Table 2. As expected, the
majority of gallbladder cancer (72.6%) and biliary stone (62.1%) cases were women, while
slightly more than half of bile duct (59.8%) and ampulla of Vater (51.1%) cancers were
men. Compared with controls, biliary stone cases were younger. Compared to controls,
smoking was more common in gallstone cases, while more bile duct and ampulla of Vater
cancer cases were smokers. Gallbladder cancer and biliary stone cases were less likely to
drink alcohol but had a higher BMI and were more likely to be diabetic than controls. For all
three cancer types, cases were significantly more likely to have gallstones than controls.

Of the 22 genes, 5 (IL8, ILBRB,RNASEL, TNF, and NOS2) showed some association with
biliary stone risk. Table 3 shows the ORs of biliary stones in relation to SNPs of these 5
genes. As shown, all three IL8 SNPs (rs4073, rs2227307, rs2227306), in close LD with each
other (r2=0.99), were associated with reduced risk of bile duct stones (global p <0.04):
—351A>T (also called IL8-251, rs4073): ORya/aa=0.55 (95% CI 0.40-0.76), ptreng=0.04;
IVS1+230 T>G (rs2227307): ORyg/c=0.55 (95% CI 0.40-0.76), pireng=0.03; IVS1-
204C>T (rs2227306): ORtc/cc=0.57 (95% CI 0.42-0.78), preng=0.03. In contrast, two of
the three IL8RB variants were associated with an increased risk of biliary stones (gallstones
and/or bile duct stones) (global p=0.0006): Ex3+811C>T (rs2230054): ORc1/r7=1.40 (95%
Cl 1.13-1.74), pireng=0.002; Ex3+1235T>C (rs1126579): ORt¢c/cc=1.25 (95% CI 1.00-
1.55), Pireng=0.01. One (Ex1-96A>G, rs486907) of the two RNASEL markers was
associated with increased risk of gallbladder stones (95% CI 1.08-1.71) (Pgreng=0.001), and
the global p value for the gene was 0.002. Of the 7 TNF markers, only one (TNF-1042C>A,
rs1800630) was associated with a reduced risk of gallstones (95% CI 0.56-0.93;
Pireng=0.008) but the global p value for the TNF gene was not significant. One of the two
NOS2 SNPs, Ex16+14C>T (rs2297518), was associated with gallstones (pieng=0.01, global
p=0.02). Gender did not modify these risk patterns and adjustment for other covariates,
including smoking, alcohol drinking, BMI, and gallstones, as well as adjustment for multiple
comparisons did not materially change the results.

Table 4 shows the risks of biliary tract cancer in relation to 1L10 and VEGF variants. Three
(rs1800871, rs1800872, rs1800896) of the five variants in the IL10 gene were associated
with a reduced risk of gallbladder cancer. Relative to subjects with the most common
genotype, those with the C alleles of the 1L10-626 A>C (also called IL10-627, rs1800872)
and IL10-853 C>T (also called 1L10-854, rs1800871) markers and the G allele of the
—1116A>G (also called 1L10-1117, rs1800896) marker had a reduced risk of gallbladder
cancer. For VEGF, the T allele (CT and TT genotype) of the 236 bp3’ of STP C>T marker
(rs3025039) conferred reduced risk of gallbladder cancer (OR=1.30 95% CI 0.50-0.97,
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Preng=0.04). These associations persisted after further adjustment for covariates, including
smoking, drinking, BMI, and gallstones, as well as adjustment for multiple comparisons,
although the global p for the IL10 gene was not statistically significant. No significant
associations were seen for bile duct or ampulla of Vater cancers perhaps due to smaller
numbers of cases.

The associations between IL8RB haplotypes and the risk of biliary stones and cancers are
shown in Table 5. Based on the three IL8RB SNPs (in the order of Ex3+811C>T,
Ex3+1235T>C, Ex3-1010G>A), we inferred five haplotypes among our population
controls, with three common haplotypes, C-T-G (64.4%), T-C-A (23%), and T-C-G (8.3%),
accounting for greater than 95% of the haplotype variation. The haplotype frequencies were
signficnatly different in relation to bile duct cancer and gallstones, with global p vlues of
0.003 and 0.02, respectively. When specific haplotypes were examined, the IL8RB T-C-G
haplotye was associated with an increased risk of gallstones (95% CI 1.14-2.07), relative to
the most frequent haplotype (C-T-G).

We found no association between variants of the IL1A, IL1B, IL4, IL5, IL6, IL13, IL16,
PPARD, PPARG, MnSOD2, MPO, TGFB, VCAM1, and NOS3 genes and risk of biliary tract
cancer or stones. Results of single locus and haplotype analyses of these variants are
presented in the supplementary Table 1 (gallstones) and 2 (cancer). Although the main effect
of 1L10 was not significant, there was suggestive interaction between IL10 and TNF
variants, with subjects having the IL10 —627C allele and the TNF IVS1+123A allele having
reduced risk of gallbladder cancer (OR=0.55, 95% CI 0.33-0.90, p interaction=0.03),
relative to those with the IL10 TT and TNF GG genotypes (supplementary Table 2).

Joint effects of gallstones and several inflammation genes on the risk of gallbladder and bile
duct cancers are shown in supplementary Table 3. We observed significant interactions
between gallstones and variants of ILBRA and TGFB1 on the risk of gallbladder cancer. For
example, among subjects with gallstones, carriers of the C allele of the IL8RA Ex2+860G>C
(rs2234671) marker had a 26-fold risk (95% CI 14.0-48.4; p interaction=0.04), and carriers
of the T allele of the TGFB1 marker (rs2241718) had a 20-fold risk (95% CI 12.2-35.5; p
interaction=0.008), compared with those with the corresponding genotype who did not have
gallstones. In addition, significant interactions between gallstones and SOD2, TNF, and
VCAML1 variants on the risk of bile duct cancer were seen.

Discussion

In this population-based case-control study, we found that variants of the IL8, IL8RB,
RNASEL, and NOS2 genes were associated with biliary stone risk, while polymorphisms of
the IL10 and VEGF genes were associated with gallbladder cancer risk. Consistent with our
single locus results, the T-C-G IL8RB haplotype containing the risk-conferring allele of
IL8RB Ex3+811 C>T was significantly associated with gallstones. Although the magnitude
of these risk estimates was generally modest, the findings provide support for the hypothesis
that common gene variants in the inflammatory pathway contribute to the etiology of both
gallstones and biliary tract cancer.

The findings for gallstones are consistent with epidemiologic and experimental evidence
indicating that prior use of aspirin and other NSAIDs have a protective effect (18,19).
Recent data also show that the human lithogenic gene (LITH), which is associated with
gallstone susceptibility, encodes inflammatory molecules, their receptors, and other
mediators, suggesting a close relationship between gallstones and inflammation (18). In
addition, circulating inflammatory cytokines, including IL-8, IL-10, and TNF, are associated
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with risk factors for gallstones, including obesity, hyperlipidemia, and insulin resistance
(19).

In our study, the three IL8 variants, in strong LD with each other, provided evidence of a
locus associated with bile duct stones. Interestingly, two of the three IL8RB variants, in high
LD with each other (pairwise values of r2 between 0.93 and 0.99), were also associated with
gallstone risk. These associations are biologically plausible given the role of IL8 and IL8RB
in inflammation, but require further epidemiologic and laboratory studies. IL-8, encoded by
the IL8 gene, is an important pro-inflammatory cytokine involved not only in the initiation
and amplification of inflammatory processes but also in tumorigenesis (20). Although the
function of most of the SNPs we examined is unclear, rs4073 in the IL8 promoter region has
been related to increased IL8 expression (21). Biological function of I1L-8 is mediated
through its two receptors: ILBRA and IL8RB. IL8RA binds exclusively to IL-8, while
IL-8RB binds to IL-8 and other alpha-chemokines. Despite the close relationship between
IL-8 and IL-8RB, we did not find a significant interaction between IL8 and ILBRB SNPs on
gallstone risk.

Although TNF-alpha, a potent inflammatory cytokine, promotes hyperlipidemia by
increasing hepatic triglyceride production and decreasing clearance, only one (rs#1800630)
of the seven variants we examined was associated with reduced risk of gallstones. However,
the A allele of this SNP has a higher transactivating effect than that of the dominant C allele
(22) and is associated with periodontitis (23). We did not find an association with the more
widely studied TNF-308 G>A (rs1800629) and TNF-238 A>G (rs361525) variants of the
promoter region, possibly due to the much lower frequency (7%) of the variant allele in
these two SNPs in our study population. It is noteworthy that TNF-308A allele has been
linked to primary sclerosing cholangitis (24), a strong risk factor for bile duct cancer.
However, we did not find a clear association between any TNF variants and bile duct cancer.

Our finding that RNASEL and NOS2 variants are associated with gallstones is novel and
requires confirmation. The excess risk associated with the RNASEL Ex1-96 A>G variant is
of interest, since RNASEL, which encodes an interferon-inducible ribonuclease, has been
linked to several cancers for which inflammatory processes appears to be important,
including cancers of the prostate, pancreas, and colon (25-27). NOS2A Leu/Leu
homozygotes at amino acid position 608 is reported to confer higher enzymatic activity and
gene expression (28), resulting in increased NOS2 expression and inflammation.

In our study, three IL10 promoter polymorphisms were associated with a modest increase in
the risk of gallbladder cancer. These SNPs (IL10 —672, —854, and —1082) have been
previously associated with several cancers, including the stomach, breast, cervix, and liver
as well as non-Hodgkin lymphoma and melanoma (29-34). IL-10 is a multifunctional
cytokine with both anti-inflammatory and pro-inflammatory properties. Because 1L10
variants have been shown to alter circulating IL-10 levels, with the —627A allele correlated
with low IL10 concentrations (35), and because much of the inter-individual variation in
IL10 expression (75%) may result from genetic variation (36), the role of IL10 variants in
biliary tract cancer warrants further investigation. 1L-10 is known to suppress expression of
inflammatory cytokines such as TNF-alpha, IL-6, and IL-1 by activated macrophages (37).

We also found a modest association between gallbladder cancer and VEGF variants, which
have been linked to several cancers, including prostate, bladder, colon, and breast (38,39).
However, since the association was observed for only one variant of VEGF, its role in
biliary tract cancer needs further study.

Given the strong link between gallstones and biliary tract cancer and the effects of
inflammation on both gallstones and biliary tract cancers, it is unclear why certain
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inflammation-related genes are associated with gallstones but not with biliary tract cancer.
Several factors may contribute to the discrepancy, including the smaller sample size for
biliary tract cancers than for gallstones, and the likely importance of etiologic co-factors in
the development of biliary tract cancer. In addition, some of the observed associations could
be in LD with one or more causal variants not tested, and some false-positive associations
may have arisen by chance, especially in view of the multiple comparisons made in our
study. The statistical power would be equally limited in detecting associations for subsites of
biliary tract cancer and additional studies will be needed to confirm our results. Despite
these concerns, the overall results suggest that genetically related inflammatory processes
attribute to the development of gallstones and biliary tract cancer,

Several strengths of our study should be noted, especially the population-based design with
nearly complete case ascertainment for cancer, a high participation rate, and confirmation of
case status by comprehensive pathologic and clinical review, which minimized the potential
for selection, survival and misclassification bias. In addition, the relatively homogenous
study population minimizes the potential for bias related to population stratification.
Furthermore, the inclusion of two separate case groups, one for biliary tract cancer and one
for biliary stones, produced a unique opportunity to determine the effects of specific risk
factors, including susceptibility or modifier genes, on these two closely related conditions.
However, like most candidate gene studies, our coverage of the inflammation-related gene
pathways was limited, since SNP selection was not based on complete sequencing data for
our target population and only validated assays could be applied to the study. In addition,
due to low minor allele frequency and the small number of bile duct and ampullary cancer
cases, there was limited power to evaluate the main effects of SNPs with low minor allele
frequencies, or to test for interaction.

In summary, our population-based study in Shanghai revealed that common variants in the
IL8, IL8RB, and RNASEL genes were associated with biliary stones, and variants in the
IL1A, IL10, and VEGF genes were associated with biliary tract cancer. Further studies are
needed to dissect the immunologic and inflammatory pathways that contribute to risk of
biliary stones and cancer.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

We thank Jiarong Cheng, Lu Sun, Kai Wu, Enju Liu, and the staff at the Shanghai Cancer Institute for data
collection, specimen collection, and processing; collaborating hospitals and surgeons for data collection; local
pathologists for pathology review; Janis Koci of the Scientific Applications International Corporation for
management of the biological samples; and the NCI Core Genotyping Facility for their help with genotyping.

This project has been funded in whole or in part with federal funds from the National Cancer Institute, National
Institutes of Health, under contract NO1-CO-12400. The content of this publication does not necessarily reflect the
views or policies of the Department of Health and Human Services, nor does mention of trade names, commercial
products, or organizations imply endorsement by the U.S. Government.

References

1. Hsing, AW.; Rashid, A.; Devesa, SS.; Fraumeni, JF, Jr. Biliary tract cancer. In: Schottenfeld, D.;
Fraumeni, JF., Jr, editors. Cancer Epidemiology and Prevention. edition 111. Oxford University
Press; 2006. p. 787-800.

2. Ries, LA. National Cancer Institute. Bethesda, MD: 2003. SEER Cancer Statistics Review, 1975—
2000. http://seer.cancer.gov/csr/1975_2000,2003

Cancer Res. Author manuscript; available in PMC 2010 April 28.


http://seer.cancer.gov/csr/1975_2000,2003

1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Hsing et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22

Page 9

. Hsing AW, Rashid A, Sakoda LC, Deng J, Han TQ, Wang BS, Shen MC, Fraumeni JF Jr, Gao YT.

Gallstones and the risk of biliary tract cancer: a population-based study. Br J Cancer 2007;97:1577—
1582. [PubMed: 18000509]

. Wistuba Il, Gazdar AF. Gallbladder cancer: lessons from a rare tumour. Nat Rev Cancer

2004,4:695-706. [PubMed: 15343276]

. Liu E, Sakoda LC, Gao YT, Rashid A, Shen MC, Wang BS, Deng J, Han TQ, Zhang BH, Fraumeni

JF Jr, Hsing AW. Asprin use and risk of biliary tract cancer: a population-based study in Shanghai,
China. Cancer Epidemiol Biomarkers and Prev 2005;14:1315-1318.6.

. Hsing AW, Zhang M, Rashid A, Gao YT, McGlynn KA, Wang B, Shen M, Zhang B, Deng J,

Fraumeni JF Jr, O’Brien T. Hepatitis B and C infection in relation to biliary stones and cancer: a
population-based study. Int J Cancer 2008;122:1849-1853. [PubMed: 18076042]

. Sakoda LC, Gao YT, Chen BE, Chen J, Rosenberg PS, Rashid A, Deng J, Shen MC, Wang BS, Han

TQ, Zhang BH, Cohen-Webb H, Yeager M, Welch R, Chanock S, Fraumeni JR Jr, Hsing AW.
Prostaglandin-endoperoxide synthase 2 (PTGS2) gene polymorphisms and risk of biliary tract
cancer and gallstones: a population-based study in Shanghai, China. Carcinogenesis 2006;27:1251—
1256. [PubMed: 16361272]

. Coussens LM, Werb Z. Inflammation and cacner. Nature 2002;420:860-867. [PubMed: 12490959]
. Hsing AW, Gao YT, Devesa SS, Jin F, Fraumeni JF Jr. Rising incidence of biliary tract cancers in

Shanghai, China. Int J Cancer 1998;75:368-370. [PubMed: 9455795]

. Hsing AW, Bai Y, Andreotti G, Rashid A, Deng J, Chen J, Han TQ, Wang BS, Zhang BH, Shen
MC, Fraumeni JF Jr, Gao YT. Family history of gallstones and the risk of biliary tract cancer and
gallstones: a population-based study. Int J Cancer 2007;121:832-838. [PubMed: 17450525]

Hsing AW, Gao YT, McGlynn KA, Niwa S, Zhang M, Han TQ, Wang BS, Chen J, Sakoda LC,
Shen MC, Zhang BH, Deng J, Rashid A. Biliary tract cancer and stones in relation to chronic liver
conditions: A population-based study in Shanghai, China. Int J Cancer 2007;120:1981-1985.
[PubMed: 17278101]

Huang WY, Gao YT, Rashid A, Sakoda LC, Deng J, Sheng MC, Wang BS, Han TQ, Zhang BH,
Chen EChen, Rosenberg PS, Chanock S, Fraumeni JF Jr, Hsing AW. Selected base excision repair
gene variants and risk of biliary tract cancers and biliary stones: a population-based study.
Carcinogenesis 2008;29:100-105. [PubMed: 17984110]

Packer BR, Yeager M, Burdett L, et al. SNP500Cancer: a public resource for sequence validation,
assay development, and frequency analysis for genetic variation in candidate genes. Nucleic Acids
Res 2006;34(Database issue):D617-D621. [PubMed: 16381944]

Simes RJ. An improved Bonferroni procedure for multiple tests of significance. Biometrika
1986;73:751-754.

Rosenberg PS, Che A, Chen BE. Multiple hypothesis testing strategies for genetic case-control
association studies. Stat Med 2006;25:3134-3149. [PubMed: 16252274]

Barrett JC, Fry B, Maller J, Daly MJ. Haploview: analysis and visualization of LD and haplotype
maps. Bioinformatics 2005;21:263-265. [PubMed: 15297300]

Schaid DJ, Rowland CM, Tines DE, Jacobson RM, Poland GA. Score tests for association between
traits and haplotypes when linkage phase is ambiguous. Am J Hum Genet 2002;70:425-434.
[PubMed: 11791212]

Excoffier L, Slatkin M. Maximum-likelihood estiation of molecular haplotype frequencies in a
diploid population. Mol Biol Evol 1995;12:921-927. [PubMed: 7476138]

Lyon Wittenburg H. Susceptibility to cholesterol gallstone formation: evidence that LITH genes
also encode immune-related factors. Biochim Biophys Acta 2006;1761:1133-1147. [PubMed:
17015037]

de Luca C, Olefsky JM. Inflammation and insulin resistance. FEBS Lett. 2007 [Epub ahead of
print].

Hull J, Thomson A, Kwiatkowski D. Association of respiratory syncytial virus bronchiolitis with
the interleukin 8 gene region in UK families. Thorax 2000;55:1023-1027. [PubMed: 11083887]

. Udalova IA, Richardson A, Denys A, Smith C, Ackerman H, Foxwell B, Kwiatkowski D.
Functional consequences of a polymorphism affecting NF-kappaB p50-p50 binding to the TNF
promoter region. Mol Cell Biol 2000;20:9113-9119. [PubMed: 11094063]

Cancer Res. Author manuscript; available in PMC 2010 April 28.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Hsing et al.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Page 10

Skoog T, van't Hooft FM, Kallin B, Jovinge S, Boquist S, Nilsson J, Eriksson P, Hamsten A. A
common functional polymorphism (C-->A substitution at position —863) in the promoter region of
the tumour necrosis factor-alpha (TNF-alpha) gene associated with reduced circulating levels of
TNF-alpha. Hum Mol Genet 1999;8:1443-1449. [PubMed: 10400991]

Nishimura F, lwamoto Y, Mineshiba J, Shimizu A, Soga Y, Murayama Y. Periodontal disease and
diabetes mellitus: the role of tumor necrosis factor-alpha in a 2-way relationship. J Periodontol
2003;74:97-102. [PubMed: 12593603]

Mitchell SA, Grove J, Spurkland A, Boberg KM, Fleming KA, Day CP, Schrumpf E, Chapman
RW. European Study Group of Primary Sclerosing Cholangitis. Association of the tumour necrosis
factor alpha —308 but not the interleukin 10 —627 promoter polymorphism with genetic
susceptibility to primary sclerosing cholangitis. Gut 2001;49:288-294. [PubMed: 11454808]

Kruger S, Silber AS, Engel C, Gorgens H, Mangold E, Pagenstecher C, Holinski-Feder E, von
Knebel Doeberitz M, Moeslein G, Dietmaier W, Stemmler S, Friedl W, Rischoff J, Schackert HK.
German Hereditary Non-Polyposis Colorectal Cancer Consortium. Arg462GIn sequence variation
in the prostate-cancer-susceptibility gene RNASEL and age of onset of hereditary non-polyposis
colorectal cancer: a case-control study. Lancet Oncol 2005;6:566-572. [PubMed: 16054567]

Li H, Tai BC. RNASEL gene polymorphisms and the risk of prostate cancer: a meta-analysis. Clin
Cancer Res 2006;12:5713-5719. [PubMed: 17020975]

Bartsch DK, Fendrich V, Slater EP, Sina-Frey M, Rieder H, Greenhalf W, Chaloupka B, Hahn SA,
Neoptolemos JP, Kress R. RNASEL germline variants are associated with pancreatic cancer. IntJ
Cancer 2005;117:718-722. [PubMed: 15981205]

Korhonen R, Lahti A, Kankaanranta H, Moilanen E. Nitric oxide production and signaling in
inflammation. Curr Drug Targets Inflamm Allergy 2005;4:471-479. [PubMed: 16101524]

Howell WM, Rose-Zerilli MJ. Cytokine gene polymorphisms, cancer susceptibility, and prognosis.
J Nutr 2007;137:194S-199S. [PubMed: 17182825]

Rothman N, Skibola CF, Wang SS, Morgan G, Lan Q, Smith MT, Spinelli JJ, Willett E, De
Sanjose S, Cocco P, Berndt Sl, Brennan P, Brooks-Wilson A, Wacholder S, Becker N, Hartge P,
Zheng T, Roman E, Holly EA, Boffetta P, Armstrong B, Cozen W, Linet M, Bosch FX, Ennas
MG, Holford TR, Gallagher RP, Rollinson S, Bracci PM, Cerhan JR, Whitby D, Moore PS,
Leaderer B, Lai A, Spink C, Davis S, Bosch R, Scarpa A, Zhang Y, Severson RK, Yeager M,
Chanock S, Nieters A. Genetic variation in TNF and I1L10 and risk of non-Hodgkin lymphoma: a
report from the InterLymph Consortium. Lancet Oncol 2006;7:27-38. [PubMed: 16389181]

Lan Q, Zheng T, Rothman N, Zhang Y, Wang SS, Shen M, Berndt SI, Zahm SH, Holford TR,
Leaderer B, Yeager M, Welch R, Boyle P, Zhang B, Zou K, Zhu Y, Chanock S. Cytokine
polymorphisms in the Th1/Th2 pathway and susceptibility to non-Hodgkin lymphoma. Blood
2006;107:4101-4108. [PubMed: 16449530] Borish L, Aarons A, Rumbyrt J, Cvietusa P, Negri J,
Wenzel S. Interleukin-10 regulation in normal subjects and patients with asthma. J Allergy Clin
Immunol 1996;97:1288-1296. [PubMed: 8648025]

Wang SS, Cozen W, Cerhan JR, Colt JS, Morton LM, Engels EA, Davis S, Severson RK, Rothman
N, Chanock SJ, Hartge P. Immune mechanisms in non-Hodgkin lymphoma: joint effects of the
TNF G308A and IL10 T3575A polymorphisms with non-Hodgkin lymphoma risk factors. Cancer
Res 2007;67:5042-5054. [PubMed: 17510437]

Savage SA, Hou L, Lissowska J, Chow WH, Zatonski W, Chanock SJ, Yeager M. Interleukin-8
polymorphisms are not associated with gastric cancer risk in a Polish population. Cancer
Epidemiol Biomarkers Prev 2006;15:589-591. [PubMed: 16537722]

Eskdale J, Gallagher G, Verweij CL, Keijsers V, Westendorp RG, Huizinga TW. Interleukin 10
secretion in relation to human I1L-10 locus haplotypes. Proc Natl Acad Sci 1998;95:9465-9470.
[PubMed: 9689103]

Mitchell SA, Grove J, Spurkland A, Boberg KM, Fleming KA, Day CP, Schrumpf E, Chapman
RW. European Study Group of Primary Sclerosing Cholangitis. Association of the tumour necrosis
factor alpha —308 but not the interleukin 10 —627 promoter polymorphism with genetic
susceptibility to primary sclerosing cholangitis. Gut 2001;49:288-294. [PubMed: 11454808]

Wu S, Gessner R, Taube T, von Stackelberg A, Henze G, Seeger K. Expression of interleukin-10
splicing variants is a positive prognostic feature in relapsed childhood acute lymphaoblastic
leukemia. J Clin Oncol 2005;23:3038-3042. [PubMed: 15860861]

Cancer Res. Author manuscript; available in PMC 2010 April 28.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Hsing et al.

Page 11

38. Sfar S, Hassen E, Saad H, Mosbah F, Chouchane L. Association of VEGF genetic polymorphisms
with prostate carcinoma risk and clinical outcome. Cytokine 2006;35:21-28. [PubMed: 16908180]

39. Garcia-Closas M, Malats N, Real FX, Yeager M, Welch R, Silverman D, Kogevinas M, Dosemeci
M, Figueroa J, Chatterjee N, Tardon A, Serra C, Carrato A, Garcia-Closas R, Murta-Nascimento
C, Rothman N, Chanock SJ. Large-scale evaluation of candidate genes identifies associations
between VEGF polymorphisms and bladder cancer risk. PLoS Genet 2007;3:€29. [PubMed:
17319747]

Cancer Res. Author manuscript; available in PMC 2010 April 28.



Page 12

Hsing et al.

LTTT-0TTI
/80T-0T1I
Z80T-0TI
129-0T7I 9<VITTT-
G65-0TTI uonu| O<VEG99—  968008TS!
265-0T7TI uonu 1<0€G8—  2/8008TS!
¥58-0T71I uonu| O<1¥€€/—  TLB00BTS! s|189 g Jadjay
¥28-0T I uonu| 1<998Z-TSAI  T6bYZ0Es! L saye|nuins a1ym sf30 T Jadjay
6T8-0TTI dine 0<10TZ+GX3  96vC0Es! S Zeb-TEbT 1 Jo uononpoud supioId suqIyu 0T upinaajul (8]
18.-871 uonu| L1<OV0Z-TSAl  90£.222s!
96€+8711 uonu| 9<10£Z+ISAl  L0€.222s!
162-871 uosu| 1<VTSE— €/0tS) € €Tb-zTby  sixelowayd jiydosnau ur panjoAu| 8 upjnajJaiu| all
uonu| 9<V099—  /6.008TS! S1139 aunuwiwi
uonuj 9<0GE9—  96/008TS! J3y10 pue wajs onalodorewsy
uonu 9<)9€Z—  G6.008TS! € €'grds 40 uonEnUAIBKIP SBINPU| 9 upjnajiau| 9l
(18211)
¥ uox3 V<O8/+¥X3  818690Z8!
uonu| L1<OTGST—  2086902S! $1189 g pue sjiydouisod
uonu| 1<0G¥/— 218690281 € T7'1ebg 40 uoneRUBIaYIP SBINPU| G upinalIAU| el
uonuj V<O6-€SAI  062£72Zs!
uonu| D<VEPYT-ZSAI  89ZEFTTS!
uonu| 0<902ZST-ZSAl  L92€vees]
d1NG/T uox3a 1<089T-TX3  #/80.028!
uonu| 1<9860T—  87ZErTes! S[182 winijayopua
uonu| 1<0885—  0G2Evzes! 9 7'1ebg pue | jo uonesajijoid saye|nuis  upinajiau al
1<0085—
ol (450T4)  Lz9evTTs! "$]139 aunwiw
G uox3 L<OVT+GX3  YEIEYTTS! 13410 pue ‘g ‘1 JO UoreANOR
uonu| 0<1090T- Y¥69TSI € y1bz pue uonesapjold sare|nWNS ©}90-T UBN3aU] atll
ding 1<0ZT+1X3
'668/T U0X3 O<V60T-¥SAI  285008TS!
uonuj O<196-VSAl  72ETL02S! 'S][99 dunwiwy
uonu (S¥TTV)  T+89587s! J3yjo pue ‘g ‘1 Jo uoneAnde
G uox3 1<9TZ+5x3 T9GLTS! 4 etbz pue uoneIapjod sare|nWNS eydre-T uninaaul VIl
supnajsu|
29 44
pa|Ied 0S| qeueD (sBueyd  #SI1dNS  pSANS uo1yed0T] uolewwelju| 01 pale|ay aweN EIELS)
Ul UoIe20 ] p1aY oulwy) j0 uonoun4 aofe
[euonouny abueys "ON
Alanireing ETMETRIIN]

NIH-PA Author Manuscript

NIH-PA Author Manuscript

T alqel

Apnis ay) Ul papnjoul SNS pue sausl Alorewiweljul pa1os|es

NIH-PA Author Manuscript

Cancer Res. Author manuscript; available in PMC 2010 April 28.



Page 13

Hsing et al.

*3PIX0 LU JO sannuenb

(1809S) pare|nBaiun jo uononpoud ul
9T uoxg 1<OVT+9TX3  81G.622S! Bunnsai saupjolAa pue siojelpaw Z9SeYIUAS
uoquj V<9OV¢S+0ZsAl 2eLyyes] 4 Ztb-z1Tb.T Aioyewwepyut Aq pajjosuod 9pIX0 JUUN Z¢SON
sa10ads
uosu] J<1¥9/— 828evees! UaBAX0 aA119BAI YIIM SUOIIRS)
uoquj V<O¢r9—  LZCeeecs) 4 TeehiT ybnoays uonewweljul sarenbay asepixosadojoAN OdIN
sa10ads
(V9TA) UaBAX0 aA119BaI YIIM SUOIIRS) 2 aseinwisip
Z uox3 O<lyz+2x3 088Ys! T g'Gebg  ybnouys uopewiwelul sare|nbey apixosadng zdos
0<109G-9X3
d1ne (Ozovy) 2L0TTS! aseajonuoqu
Ozord T uox3 V<996-TX3 106981S1 4 Gebt 3]q1oNpul-uoJa4Iajul ue sapoouy Tesesponuogly  13SVYNY
sbnip
AloTewiwejul-nue [eploJals-uou
awos Aq pajeAllde ag ued ‘sauah
Aiorewwrepyur-oid Jo siojoey ewiweb
(HZ.vH) uonduosue. 1giyul 03 Ajige su '101d32a pareAlioe
0T uox3g 1<DT9T+0TX3  9089G8ES! ybnoayy sassadold Alorewiwepjul anleJayijoid
uoauj V<OGE+LSAl  C6EBEBCSI 4 Gede -1Ue Ul paAjoAUL g ABIN 8ulosIxXoled odvdd
el|9p
abueyo 211018195043y ‘10)da2a1 pajeAnoe
10 UooNpal 0} spes) 1eyl AARR anneJayijoid
1N 1<OST+¥X3  02S9102s! T T'Ted-¢'Tzdg afeydosoew ssaiddns Ae awosIxoldd  AQYvdd
SAUI9 paje|al-uoiewweu| JaYyr0
(129e)
€ uox3g 1<OT18+EX3  1500€CCs)
d1n.e V<O0TO0T-€X3  0859¢TTSI (8711 o'1) puebi| s Bupuiq Jaye ©19q ‘10}da0a1
ory1a481l € uox3g O<1GECT+EXT  6L99CTTS) € gebz sixelowsyo |1ydoinau sfeubis 8 upnajsu] q48711
(19228) (8711 a'1) puebi| s Buipuiq Jeye eydje ‘Jo1dsoal
Z uox3 0<9098+2X3  TLOYEZTS! T gebz sixeloway |1ydosinau sjeubis 8 upnajiau eeteall
s101daday upjnaj8u|
d1Nn.e 1<9688+¢¢X3 GCETTSI
dq1NE O<VT/8+¢¢X3 65881 4 T°Gzbst uonoduny |33 1 +¢AJ ssdusnpjuj 9T upinapsiu] 9Tl
SaUI{01A9 Alorewiwelyul
(APPTO) abeydoioew jo uononpoud suqiyul
v uoxg 9<V86+YX3 T¥S0s! se ||am se s]182 Jadjay L suqiyu
uoquj O<1VZ-€SAl  989G56¢Ts! pue §]183 g JO uoljenualsyip
uoauj 1<D0690T— S26008Ts! € Tehg pue ymoiBh sajeinwng €T uninajsiu| €Tl
pajres os|y RELER) (sBueyd  #S1dNS  pSdANS uol1ed0T] uoleWWeU| 01 pare|ay aweN EELS)
Ul UoRI0T pIOY ouIWY) j0 uonoun4 Jolewy
[euonduny abueyo "ON
Ajpnyeingd 8PRO3INN

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Cancer Res. Author manuscript; available in PMC 2010 April 28.



Page 14

Hsing et al.

uolBai parejsueiun =4.1N

a

Apnis ayy ul padAl SdNS J0 _BE:ZDm

1<265¢+8X3 1<O

sisauaboibue

10198} YImouh

19€60  dL1N.g/8 uox3 d1S40.£dgogz  6€0520€S! T Ztdg pale[al-UuoIrewwejul ul paAjoAu] [el|3Y10pus Jejnose/\ 493A
(Irr9M) uoneWWElUI
V<96¥T+6X3 SAII0® JO S3IS 0) S||99
6 UOX3 (a109a) 6/89.T€ES! aunwiwi Buninidal Joy ajqisuodsal
6 Uox3y 1<00Z+6X3  8/89.T¢€s! aq Aew pue Ajiwepladns ausb 6] T andsjow uoisaype
uoanu| 1<OT6GT—  €9TTHOTS! € 1ed-zedT 8y Jo u19104doIA|B 89BLINS [190 VY 1192 JeIn3seA  TINVOA
uoquj V<OEZT+ISAI  0T9008TS4
8€¢-ANL uoauj O<VLev— GZGT19¢gs)
80€-4ANL uoJui O<V/.87—  629008Ts4 JoueIed|d
L9€-ANL uoquj O<VGSS—  0S.008Ts4 Buisealdsp pue uononpoud
1S8-4ANL uonup O<19€0T— ¥2.66.LTSI ap11sdA|61 onreday Buisealoul
£98-4NL uonuj V<OzZy0T—  0£9008TS! Aq eiwapidijadAy ssowo.d J010e)
TOE-ANL uoquj O<10T¢T—  ¥9666.1S4 L €Tedg Teyp auI0lka Alorewiweug SI1S0I23u Jown dNL
(101d)
1<D/2€-1X3
T uox3 1<0 €.0¢861s! T ¥18q ‘10108)
uonu| d1S40 £dggoe  69+008TS! z zeTbeT siseisoawoy |80 L sureluteN  yimoib Bulwiogsuell  Tg491
9O<V9¢-LSAI
uoau| (3862@)  TTEL00TS! “UOIJeLULLIRJJU 3JNE 0} gaseyIuAs
g uox3 O9<1€9-8X3  €8666.TS! z 9gb,  esuodses U1 8pIX0 LN SBONPOIG 8pIX0 AN €SON
pajres os|y RELER) (sBueyd  #S1dNS  pSdANS uol1ed0T] uoleWWeU| 01 pare|ay aweN EELS)
U1 uoIeso p1oY oulwy) J0 uonoun4 Jolewy
Jeuonoun4 abueyd ‘ON
Alanreing apnosjanNN

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Cancer Res. Author manuscript; available in PMC 2010 April 28.



Page 15

Hsing et al.

Xapul ssew Apog

«88 yg  OVE gzz yuz €T T6C L€ L9 /8 00y l€C 6Ty 60E Lev  OEE uoisuspiadAH
LT gz LITL g po € 6 2T TET IE ¥9 ge 9. 95 €8 59 salaqelq
981 T 09T 10T GGz 2T TeE ey ¢ST 9  9¢  ¥ET S0Z IST 90Z 29T Bunjula

098 08 £0%C 19T o 0c Ty 95 Tle ¥9 9T€ /8T €0¢ €2 <¢0e L& (oayd ajgnop) Bunjows

SO I 60 9 00 0 91 z 0 1 0T 9 ¥I 0T €T 0T paLLIEW JaASN

S0 T 0T L 00 0 80 T eT ) Sz ST €T T g€z 8l pereledas/padionlq

oYt 1€ vel €8 veZ 1T /I8 T ¥6T 9y +¥.T €0T 68T 66T 98T Ovl PaMOPIM

TS8 68T LS8 o/5 99, 9¢ 068 €IT 68 /8T T6L 89 Gl TS 6LL 2TI9 paLel
Snyels [elLeN

gsT € LT 6IT 90T S ¥l 8T €6 2z 6ST  ¥6 TST TIT TST  6IT a69]|00 awos

§Z2z 0S5 0SZ 89T 0T 8 €T g LT 0 SIZ /21 ¥0Z OST L6T  SST BIPPIN IS

99z 65 .8 €T GG ¢TI 892 VY€ 6% 65 0SZ 8yT SSZ 88T 6VC 96T 3IPPIN T

TSe 8. «£8C 6T g9y gz LTvr €5 €S 92T LUE €z T6E 88 <Oy 9T AJewtid/ouoN
uoneonp3

175 LT 199  6vy 68y € 2Oy IS 92, 2T ¥.S OvE L09 iy ZT9 I8y afewsS

eS0T «E€€ vzz TIS ve 865 9. viZz G9 9¢w 25 €66 06 88  SOE alen
lapuss

vor €01 €Oy T.Z €2, ¥e 909 L. €09 ST TSS 928 €95 SIr 614G  SS¥ §9=<

162 99 9/¢ 98T T6T 6 ¢S¢ ¢€ ¢9 79 S8 69T €62 9IZ G8  vee ¥9-G§

D€ eg  LTC® 917 g8 v vl 8T G€T 2 ¥9T /6 ¥¥T 90T 9T L0T 65>
aby
000T 22¢ 000T €9 000T /[y 000T [ZI 000T [€Z 000T 265 000T /€L 000T 98L [e10L

% N % N % N % N % N % N % N % N
J1ague)d Jaoue)d
$9U01S SaU01S 191BA 10nQ 9|ig 130ue)d
wngs|lg  JeppejqeD  Joendwy  onedsyenx3  asppejgies  oSIOAUOD  gSIONUOD  S0U0D sonstaloRIRyD
(568=u) sauois Areljig (TTP=u) 480ue) 1064 AJelg

$]0J1U0D PUR ‘S3SED BUO0IS ‘Sased Jaourd 19.1] AJel|iq JO SO1SLIBIoRIRYD Pa1da]es
¢ 9lgqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Cancer Res. Author manuscript; available in PMC 2010 April 28.



Page 16

Hsing et al.

(gpT=U) sauoisjjed yum sjonuod uonendod nmu:_oxm_o

"(67=u) Aw019815A29]0Y2 JO A10ISIY B YliMm S]o13u0d uoneindod papnjox3

q

'$10.0U02 uone|ndod e 0} pasedwod a1am Jaourd JaeA 40 ejndwe pue Jsoued 1onp aj1g 'sjoluod uoneindod v,

'50°0>d ‘1591 aJenbs-1yo
-

69€ Z8 8'LE ¥9¢ 6'T€ ST v've T€ 6Ty 66 Sve SvT  9'/¢ €0¢ 0'6¢ 8¢¢ 0G¢=<
0€C TS v've ¥9T  ¥'€C T 09¢ €e 66T Ly 8'0¢ €1 TT¢ GGT  T'T¢ 99T 6'7¢-0'€C
€ee 172 Tve 6¢Cc  9¢y 0¢ 67 1S G'ee 6L 14 89¢ G'¢v €1e vy Gee 6°¢¢-S'8T
L9 o1 L€ g Tz T v 9 v T €6 S5 88 S99 ¥8 99 81>
% N % N % N % N % N % N % N % N
J190URD J180URD
$8U01S $8U0IS 181N 1naang J130URD
PNgag  Jeppeiqies  Joendwy  onedeyesx3  Jeppeiqies  oS104U0D gSloauo0d eS101U0D sonsiIsIoRIRYD

(g68=U) sauois Aselig

(TTP=U) 490ueD 10R4] Aleljlg

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Cancer Res. Author manuscript; available in PMC 2010 April 28.



Page 17

Hsing et al.

- 00T /8 - 00T 0.2 - 00T  IS€ 282 20
(#500€22s1) 1>0TT8+EXT
a4l
00 90 £8°0 qeNIen d 1Eq0ID
8L°0-¢r'0 LS0  OTT T€T-280 €0T  ¥ev 60'T-TL0 880 VS L€ 111010
€00 ¥9°0 S9°0
WI-¥50 /80 € 19T-2L0 TTT 68 9v'T-€L0 €0T  TeT 0L L1
0L0-G€0 050 8. 0€T-6L0 10T  GbE 90'T-L90 ¥80  €2¥ S0€ 12
- 00T 2T - 00T  6€C - 00T  TS€E €12 20
(90€L22es1) L<Or0Z-TSAI
9L'0-0r'0 S50 02T LET-€80 10T SO ZUT-TL0 680 S8 oy 99/91
€00 o €8°0
GZT-0S0 6.0 8¢ 99'T-280 LTT 0TI IS0 €0T  8rl /8 29
89'0-v€0 8Y0 8 GE'T-T180 ¥0T GG 80'T-L90 G80 LY LT€ o1
- 00T 00T - 00T 96T - 00T 962 08T L1
(L0€Lzees)) 9<L 0EZ+TSAI
9L'0-0r'0 S50 02T 8E'T-¥8'0 80T 89 ZUT-TL0 060  88S 90v vV I0v1
00 S0 280
9ZT-150 080  6€ €97-080 ¥IT  OIT rT-vL0 20T ¥l 68 v
89'0-v€0 8¥0 18 LET-280 90T  8SE 60'T-89°0 980 6LV LT€ \21
- 00T 66 - 00T 96T - 00T  S6C 181 1L
(eL0vs1) L<vTGE—~
2l
612 99 €88 265 [eloL
gPusl puas) puali
d 10%s6 ed0 sesed d 10%s6 ©H0 sesed -4 10o%wge eHO  sesen  sjonuod (Al dNSAP) dNS/eUsD
S8U03S 30NQ 3|ig S8u03s|[eD sauo0ls Aseljig

Sauab uoITeWIWEILUI Ul SJUBLIBA Pa]03[3s 0] UOITR|3J Ul S3U0IS Alel|iq 10) (S1D) S[eAIIUI 3USPIIUOD 04G6 PUB (SHO) Soes SppO

NIH-PA Author Manuscript

€9lgel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Cancer Res. Author manuscript; available in PMC 2010 April 28.



Page 18

Hsing et al.

LY'T-€20 650 9 ¢ST-LV0  ¥80  G¢ 9€'T-S¥'0 8.0  TE 4 20
02T-090 GS80 V9 2UT-L90 /80 68T 60T-890 980  €SC 98T oL
- 00T  ¥¥T - 00T  6TF - 00T €95 95 11
(c20TT81) D<V095-9X3
LE€T-2L0 00T 88 TLT-80T 9T €T€ vZT 10V p4x4 YVIVO
260 1000 500
L6T-¥0 €60 0T €5C-160 ¢ST  €F €TC¥80 LET €S 8z wvY
or'1T-2,0 10T 8L 0LT-S0T ¥E€T 0.2 €5T-860 ¢CT  8vE 0T V9
- 00T €T - 00T  §S€ - 00T 88y L5¢€ 29
(L0698Y51) D<V 96-TX3
J3SVYNY
210 9000 9000 anjea d [eqo|9
G8T-/60 ¥ET L6 €5T-960 TCT €8¢ 6GT-00T ¥ZT 08¢ 144 YVIVO
20 ST0 1T°0
S6T-TY'0 680 6 L6T-690 LTT &€ 8LT-/90 60T ¥ 0 wvY
L6T-T0T TrT 88 95'T-G60 2T  8vC 6GT-T0T LZT  9€€ 96T V9
- 00T 60T - 00T  ¥5€ - 00T  €9v 6€€e 29
(085921Ts1) V>90T0T-£X3
GLT-T60 92T  OfT LST-860 T  T6E 6§T-00T SZT  TeS 0z€ 204001
910 200 100
92180 GSET 8¢ TETITT 09T L6 LTZ-80T €5T Gt G9 20
G/T-880 ¥ZT 20T yT-060 SGTT  v6C 8r'1-€60 LT'T 96 1ot oL
- 00T 6L - 00T  9vC - 00T Sz iz 11
(62592TTs1) O>1G€CT+EXT
L6T-€0T TrT 12T LUTOTT  OFT  6GE vLT-€TT  OV'T  08F L1 114019
700 2000 2000
957880 0ST  G¢ TGTSTT OLT 28 8eC¥T'T G9T  LOT 7S 1L
86T-00T TrT 96 0LT-€0T €8T LT 69T-90T VET  €LE € 10
gPus} puaay puas
d 10%gs6 ed0  sssen d 10%s6 ed0 sssen g 10%s6 eH0  sssen  sjonuod (@1 dNSap) dNS/RUED
S8U0)S 10nQ 3|19 Sau03s|[eD sauo0ls Aseljig

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Cancer Res. Author manuscript; available in PMC 2010 April 28.



Page 19

Hsing et al.

TGT-/60 €60 G Zr1-TL0 00T 08 LET-TL0 660  SOT 4] VYV 10 v9
¥9°0 9,0 190
- - T - - z - - € 9 wv
09T-650 60 V2 1ST-720 90T 8L 9v'1-6L'0 S0T 20T 99 Vo
- 00T 06T - 00T 28§ - 00T 2L 01§ 99
(629008Ts1) O<V/87—
9€'T-990 760 €5 0€T-LL0 10T  #.T 92'7-8L'0 660 L2 8yT L1712
660 €60 ¥6'0
09v-950 09T 9 S9Z-9¥0 OTT €T 8/7¥50 €T 61 6 1L
T€T-290 060 ¥ 0€T-920 00T 19T SZT-9L0 L60 80T 6ET 10
- 00T 89T - 00T  T6Y - 00T 699 6EY 20
(¥2166.TS1) 1<O9E0T—
wT-¢L0 10T 69 €6'0-950 2.0 09T 00T-290 6.0 622 €81 YV 10 V0
€80 80000 €00
98'T-520 890 g 0TT-L20 ¥S0 T €TT-T1€0 650 6T 0z wv
6V T-v.0 SOT 9 160-.60 ¥.0  9¥T v0T-¥90 180 0T €91 V0
- 00T Tl - 00T 6LV - 00T 129 8¢ 20
(0£9008Ts1) O<VZr0T—
€5T-080 O0TT  ¥8 TT'T-890 /80 /12 STT-¥.0 260  10€ 21z 2014001
vL°0 ST0 82°0
26'T-0v0 880 6 PTT-960 ¥90 €2 6TT-Tr0 0.0 € 62 20
09T-180 #TT &L LTT-TL0 160 61 T2T-9.0 960 692 €81 oL
- 00T 0T - 00T 2zt - 00T 299 09€ 1L
(¥9666.TS1) L<OTTZT—-
dNL
90 2000 010 anen d [eqo|9
GT'T-650 ¢80  OL 0T'T-890 980 VI L0'T-890 G80 8¢ 012 20/0L
810 520 9T'0
gPus} puaay puali
d 10%gs6 ed0  sssen d 10%s6 ed0 sssen g 10%s6 eH0  sssen  sjonuod (A1 dNSAP) dNS/eUD

$3U0JS 19NQ 9|19

sau0Is|[eD

sauo0ls Aseljig

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Cancer Res. Author manuscript; available in PMC 2010 April 28.



Page 20

Hsing et al.

“1apuab pue abe 1oy uBm:.:u,Qm

080 200 010 anjea d [eqo|9
orT-TL0 20T IS S8T-TTT #rT  TST 99T-€0T O0€T  69¢ A%/ 111010
080 100 500
87'€-8y'0 62T 9 Sy'¢-150 ¢TT €T 867-950 9TT 02 T 1l
SrT-690 00T TS T6T-€TT L¥T  8€T 69T-€0T €T  6¥C 86T 10
- 00T  SST - 00T 2Ty - 00T 28§ iy 20
(8162622s1) L<OYT+9TX3
rT-9.0 ¥0T  L0T 9z'1-080 00T 6.2 92'1-280 20T  Ocv €1¢e 99 10 9V
L0 16'0 260
WT-L60 2.0 T WT-190 ¥60 LY LET-090 160 29 05 99
ZGT-6L0 OTT 66 0€T-080 20T  e€e TET-€80 ¥0T  8SE €92 ov
- 00T  L0T - 00T  16C - 00T  SEv 8¢ wvY
(22L¥v681) V<O¥ZG+0ZSAI
ZSON
660 00 8T°0 anjea d [eqo|9
vET-/90 ¥60 29 ST'T-690 680 88T GTT-2,0 160 0S¢ 91T CABIAT)
680 850 €9°0
05€-Lv'0 82T 9 89C-090 [T 6T 857290 [ZT &2 14 wv
TET-¥90 260 9 ZUT-/90 980 69T ZI'T-690 880  Gee 9T Vo
- 00T  6vT - 00T  8hy - 00T /6§ G6€ 99
(0T9008TS1) V<OEZT+ISAI
122-990 6TT 9T 0T'z-/80 98T 9§ v6T-¥80 82T ¢l L€ VvV 10 v9
97’0 110 LT0
- - T - - € - - 4 0 wv
112090 €TT  GT 66'T-280 8T €5 v8T-6.0 T¢T 89 L€ Vo
- 00T 902 - 00T 19 - 00T  0Z8 165 99
(5zST9€ES)) O<VLTY—
gPus} puaay puas
d 10%gs6 ed0  sssen d 10%s6 ed0 sssen g 10%s6 eH0  sssen  sjonuod (@1 dNSap) dNS/RUED
S8U0)S 10nQ 3|19 Sau03s|[eD sauo0ls Aseljig

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Cancer Res. Author manuscript; available in PMC 2010 April 28.



Page 21

Hsing et al.

*108)48 8Uab |[RJBAO B} SSasse 0} 158} [eqo)B Joy anfea n_Q

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Cancer Res. Author manuscript; available in PMC 2010 April 28.



Page 22

Hsing et al.

€L0 9,0 00
L0€-9Y'0  6TT 06 12 9T'Z-590 6TT 06 1T €TI0 v.0 28 €z 20
002-950 90T €S 9 1290 60 €SE s ¥60-050 690 GEE 26 oL
- 00T vee 0z - 00T vee g5 - 00T TIE zeT 1
(T,8008181) O<L¥EEL—
€12-€90 9T Zhb 1z Zr1-990 160 v 89 96'0-€50 TL0 9Ty 140 20100V
090 60 900
9z'e-6v'0 92T IS 9 102650 60T 2S€ s 9z'T-Sv'0 9.0 28 €z 20
GTZ-090 €TT 06 12 Tr'1-290 €60 06 91 96'0-TS0 0.0 ¥ee 16 ov
- 00T Ore 67 - 00T Oe LS - 00T 8I€ 12T A%
(2,8008Ts1) O<VE€S99—
90'G-T60 ¥TC .S L 86'T-G¥'0 ¥60 LS 6 ZET¥E0 190 IS 1 111019
600 S8°0 €20
- -1 0 - -1 0 - -1 0 1L
T1'G-260 9TC 9§ L 002970 S60 95 6 GE'T-GE'0 690 0§ T 19
- 00T 92L o - 00T 92L 81T - 00T €89 TAA 29
(T6v¥20€s1)
1<998Z-TSAI
967680 0TC 89 L 9% TS0 ¥60 85 6 86'T-86'0 2L0 ¢S A 2014001
010 80 020
- -1 0 - -1 0 - -1 0 20
006-06'0 <2TC /S L 86'T-S70 G600 LS 6 TV1-8€0 7.0 18§ A oL
- 00T 0z ov - 00T 02 oTT - 00T 8.9 €2z 1L
(967720€81) L<O0TZ+5%X3
o1l
- - - 98 A4 - - - 98 et - - - L8l €2 felol
puan puan
-d 10%s6 eH0  sjonuod sesed  puan-d  1D9%G6 MO S|oU0D  seseDd  -d 10%s6 ed0  spnuod  sesed (a1 dNSAp) dNS/eUD

190UBD J31BA 40 BjIndwe

190UBD 19N( 9|19 d1edaye.nx3

JaoueD Jappe|q|es

SoUab UOITRWIWEIIUI U SJUBLIBA P8]I3[3S 0) UOINR[3J Ul S190URd 198i] AJeljig Joj (S|D) S[eAlalul 80UspIJu0d 9456 pue (SHO) Sonel Sppo

NIH-PA Author Manuscript

v alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Cancer Res. Author manuscript; available in PMC 2010 April 28.



Page 23

Hsing et al.

"108)43 8UaB |[eJBA0 B} SSasse 01 1531 [eqo)B 10} anjeA d

a
“1apuab pue abe Joy umzm:._c,qm

SLT-670 €60 T9C ST 9€'T-090 060 T9C 6¢ 160-050 0.0 ¢€F 29 111010
G50 8L°0 €00
- a2 0 8zevr0 02T &2 g - - @ v 1L
v6T-G50 €0T 9€C ST vET-950 180 9€T e T0T-150 2,0 12 85 12
00T 8IS 4> - 00T 81§ /8 - 00T /8% Ut 20
(6£0520€s1)
d1s o ¢ dagee
493A
S2°0 60 010 anjea d [eqo|9
00€-990 TrT GIT 6 08'T-090 ¥0T &IT 87 €0T-0F0 €90 90T A 99 10 9V
150 160 900
- -l 0 - ) 0 - -l T 99
T2€-0L0 05T 80T 6 €6'7T-690 TTT 80T 87 0T-0r0 S90 66 €z ov
- 00T ¥99 8e - 00T %99 10T - 00T ¥29 T€2 A%
(968008Ts1) O<VITTT-
86'T-090 60T Ebb 1z WT-190 660 EFF 69 ¥6'0-250 0.0 LTv 1T 204001
pual pual)
-d 10%s6 ©H0  sponuod sesed  pual-d  1D%G6 MO SI0W0D  seseD  -d 10%s6 ©H0  sponuon  sesen (a1 dNSApP) dNS/eUD

180UEeD J8IeA Jo ejnduwre

180URD 19n( 8)1g dnedayelix3

Jague) Jsppe|qies

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Cancer Res. Author manuscript; available in PMC 2010 April 28.



Page 24

V<O0TOT-£X3 ‘O<LGEZT+EXT ‘L<OTT8+EXT :SANS m_mw.__n

*Japuab pue abe Joy cwum:.—c/\m

2€0 200 080 €000 (0740] anjea-d [eqo|o

(02€-57°0) 62'T A - - L0 - - - (vLv-2r0) wT ST - - G0 1 V-0-0

(89°T-2€°0) 6.0 €z (89T-v90) v0'T 1€ - - - (81'2-650) 1271 8t  (Lr'2-6L0) 9e'T 8¢ 6C 9-0-0

(26'1-18°0) Gz'T 18 (L0T¥TT) vS'T 70T (06'2-69°0) T 71T (6€T-T70) GL°0 09 (0LT-6L0) 9T'T 9'6 €8 9-0-1

(¥9'1-96°0) 62T 6'6z  (97'1-860) 0z'T vz (85°T-95°0) ¥6°0 zze  (97'1-5L0) S0'T 6ve  (L£T-€80) 60'T 1€ 0€e V-O-1

- 00T 019 - 00T ST9 - 00T 629 - 00T 019 - 00T 29 7'¥9 9-1-0
qausl

1D %56 edO % 1D %56 edO % 1D %56 edO % 1D %56 edO % 1D %56 edO % %
S9U01S 10nQ 9|ig Sauols|[e 1918 40 B|indwe 1ong 9|ig Jappe|q|es

sauo01s Ateljig Jaoue) 10ed] Aseljg sjosuo)  adAlojdeH/euss

Hsing et al.

sadAjo|dey uowwod 0} uoie|al Ul SaU03S AJel|Ig pue Jadued 1oel] Aseljiq 1oy (1) S[eAIalul 83UBPIJU0D %466 PUR »(HO) Solel SppO

g 9lqelL

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Cancer Res. Author manuscript; available in PMC 2010 April 28.



