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INTRODUCTION: 

Prostate cancer is the most common non-cutaneous cancer in North American men. 
Moreover, African-American men suffer from the highest measured incidence of prostate 
cancer in the world. This increased risk is, in part, due to genetic factors [1]. IGF-1 
serum levels have, in fact, been implicated in prostate cancer pathogenesis. We chose to 
focus on understanding the genotype phenotype relationships in 39 genes involved in the 
IGF-1 pathway and prostate cancer risk in a large multiethnic cohort. Our plan is to 
systematically examine common (>.05) genetic variation in the IGF-1 pathway. By 
focusing on coding as well as noncoding variation, we can insure that we will 
comprehensively capture the bulk of variation in the loci under consideration. 
Assessment of the coding regions will be performed by deep resequencing in 96 
individuals, while the noncoding regions will be subjected to a haplotype based analysis. 
Once this genetic variation is characterized and catalogued, we propose to genotype the 
polymorphisms in a multiethnic case-cohort study consisting of N=4,497 , spanning four 
self-reported ethnic groups (African-American, Caucasian, Japanese and Latino). We 
can then look for associations between certain variants and the risk of developing prostate 
cancer. 

We also proposed to measure and confrol for population stratification, if present. 
Population stratification is a source of confounding that can potentially lead to false 
positive results due to allele frequency differences between cases and confrols at loci 
throughout the genome. While many theoretical debates have surfaced over the years, 
only recently has it become possible to empirically study this potential source of 
confounding. 



BODY: 

Task 1. Evaluation of possible cryptic ethnic stratification in case and control 
populations in order to eliminate this potential source of false positives. 

We have exceeded the number of markers and evaluation of stratification as outlined in 
Task 1 in the Statement of Work in order to thoroughly study this topic. We intensively 
studied the Afiican American population based on the hypothesis that stratification would 
be more likely to occur in this group than other populations since the prevalence of 
prostate cancer is higher in Afiicans than Europeans [2]. Hence, Afiican-American cases 
would be expected to possess a higher proportion of Afiican ancestry than controls, 
leading to systematic differences in allele frequencies. Initially, we genotyped 46 
markers in 93 cases and 86 controls to assess for stratification (Table 1). A summary '^ 
statistic revealed no significant stratification [3]. However, using a more quantitative 
metric, termed genomic control (GC), the data were still consistent with stratification [4]. 
This could be due to one of two scenarios: a) cryptic stratification is present (subtle 
degrees of stratification that are not adequately captured by self-reported ethnicity), or b) 
stratification is not present. 

To differentiate between these alternatives, we increased our power to detect stratification 
by genotyping 138 markers in our sample of 467 Afiican-American prostate cancer cases 
and 512 controls. We discovered that statistically significant stratification was, in fact, 
present in this study. Notably, this effect is present in a case-cohort designed study, 
which should be less susceptible to the effects of stratification. Although the magnitude 
of this effect may seem modest, it is expected to impact the false positive rate of a study, 
especially when trying to identify genetic variants that confer risk in a complex disease 
such as cancer. For example, with the estimated upper bound on X of 2.25 in a study of 
500 cases / controls, we would expect that if 100 hypotheses were tested, two false- 
positive results would be observed (a 2% false-positive rate). 

Our analysis reveals that population stratification affects case-control studies in practice, 
and that despite the uttermost care in matching cases and controls, it is likely to become 
increasingly important factor in case-control studies of the fixture, as sample sizes 
increase in order to detect more subtle genetic effects and correct for multiple hypothesis 
testing. Lnportantly, Genomic Control provides a safe way to preserve the power of case- 
control studies while controlling for this source of false-positives. 

Tasks 2 and 3: Obtain genetic variation information, in the form of SNPs, for each of the 
39 genes to be investigated in the growth hormone pathway and evaluate marker assays. 
Assess genetic variation in genes in growth hormonal pathway. 

We are continuing to make progress on this front. We have learned a great deal through 
our study of the androgen receptor (AR). We have completed data collection and 
analysis and are in the process of preparing the manuscript for submission. Our strategy 
included sequencing the coding region for missense variants, typing the well-described 



CAG microsatellite in exon 1 as well as a haplotype analysis to cover the noncoding 
portion of the locus (see Figure 1). 

We resequenced the exons in 88 advanced cases of prostate cancer and did not fmd any 
amino acid altering variants. We genotyped the CAG microsatellite polymorphism in 
2,266 cases and controls and found a nominally significant association when analyzing 
this repeat as a continuous variable consistent with prior reports in the literature [5,6]. 
To survey the noncoding region, we genotyped a total of 32 polymorphic SNPs across 
-275 kb in a multiethnic population (African-American, Caucasian, Japanese and 
Latino).  The AR can be described by three blocks of extensive linkage disequilibrium. 
We used the strict criteria as set forth in Gabriel et al., to define a block [7]. As seen in 
prior studies, the Afiican-American population possesses the greatest diversity, i.e., 30 
polymorphic markers. In sharp contrast, the Japanese population is monomorphic at all 
32 sites. Thus, while the AA population has 14 haplotypes across this region, only 1 
haplotype is segregating in the Japanese population. We tested these haplotypes in a 
large prostate cancer cohort (Afiican-American, N=l,003, Caucasian, N=209, Japanese, 
N=242, and Latino, N=302). The haplotypes did not reveal any evidence of association 
with prostate cancer risk. 

We have adopted the following process to characterize variants that we find in the 
databases. We work with a "haplotype" plate that reflects the ethnic composition in the 
prostate cohort. This plate that contains approximately 70 individuals of each ancestral 
origin outlined above. By testing our markers in a smaller independent population, we 
are able to discern which markers are monomorphic in a given population as well as 
which assays do not work. Most importantly, we are able to define blocks and 
haplotypes in these plates. As there are usually many more markers that are typed than 
are necessary to describe haplotype variation, we are able to use a computer program 
designed by our collaborators (D. Stram, USC, manuscript submitted), to efficiently use 
the minimal number of SNPs that captures the fiiU spectrum of variation. This process 
allows a streamlined, efficient method of characterizing SNPs and haplotypes. 

For the first year, we have prioritized the top candidates in the IGF-1 pathway based on 
epidemiologic data [8-11]. We have currently completed or in the process of completing 
the haplotype structure in 5 genes, PDGCG, IGFl, IGFBPl, IGFBP3, and IGF2R 
(Figures 2 and 3). We have tremendously optimized workflow over the past year and the 
SNP databases are much more complete allowing a more thorough characterization of the 
loci. 
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Fig. 1 

Figure 1: Overview of androgen receptor locus showing SNPs typed and minor allele frequencies in 
the different populations. 

This figure demonstrates a schematic outline showing the relationship of SNPs to the AR locus. The allele 
fi-equencies are shown for each ancestral population. Notably, all of the SNPs typed in the Japanese 
population are monomorphic, whereas the majority of SNPs are polymorphic in the Afiican American 
population. 
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Figure 2: D prime plot of IGFBP-1 
This figure demonstrates the linkage disequilibrium relationships for all SNPs greater than 10% in order to 
define a block. D' is a pariwise measure of luakage disequilibriimi. Blocks were defined according to 
Gabriel et al ***CITE***. The colors in the plot correspond to the confidence limits on the estimate of D' 
(see Gabriel et al.). A red square denotes a high D' estimate with tight confidence intervals, the white 
square is a lower confidence interval. The chart on the left corresponds to the location of the SNP, the 
allele fireq (Afq%), the Hardy-Weinberg p value and the % failure (Gfail%). Two blocks are present in this 
gene that are highlighted by the black lines (SNPs 1 -6 and SNPs 8-16) 
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Figure 3: Haplotype structure of IGFBP-1 in a Multiethnic cohort. 

This diagram depicts the haplotypes within each block for for IGFBP-1. The numbers on top (in red and 
black) refer to the SNP number (they correspond to the same SNPs as in Figure 1). Each haplotype is 
coded in numbers (1=A, 2=C, 3=G, 4=T). The haplotypes are estimated using a standard EM algorithm 
and the associated frequencies are shown in parentiieses. The haplotypes are shown by self reported 
ethnicity (AA=Afiican-American, C=Caucasian, J=Japanese, L=Latino). The lines between the blocks 
demonstrate recombination events. As can be seen, the vast majority of haplotypes are shared between 
each population. 



KEY RESEARCH ACCOMPLISHMENTS: 

1. Hiring of stellar technician. 

2. Providing basis for understanding the impact of stratification on case control 
studies likely to be used in future association studies. 

3. Androgen Receptor 

a. Further understanding of range of human diversity in multi-ethnic 
populations at this locus. 

b. Nominally significant association between GAG microsatellite repeat in 
exon 1 and prostate cancer risk. 

c. No association between AR haplotypes and prostate cancer risk. 

4. Haplotype structure determined for IGFl, IGFBPl, IGFBP3, PIK3CG, and 
IGF2R in a multiethnic population. 

REPORTABLE OUTCOMES: 

1. Abstract Presentation on IGF-1 at 2003 American Association for Cancer 
Research Annual Meeting 

2. Manuscript in preparation for stratification data. 

3. Manuscript in preparation for androgen receptor data. 
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CONCLUSIONS: 

1. We provide evidence that even subtle amounts of stratification can lead to false 
positive outcomes in a large association study looking for modest genetic effects. 
This conclusion stands in contrast to beliefs that stratification bias will not affect 
an association study if cases and controls are carefully matched using self- 
reported ethnicity as a proxy for ancestry. We provide an approach to test and 
conservatively correct for this source of confounding. 

2. The androgen receptor data reveals striking differences in haplotype frequencies 
between different populations. These observations are extremely important, 
especially when studying diseases such as prostate cancer that demonstrate clear 
ethnic predispositions. 

3. Will test haplotypes in large prostate cancer cohort to determine if any variants 
confer risk of prostate cancer in large population. 
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