Award Number: W81XWH09-1-0694
TITLE: Assessing the role of copy number variants in prostate
cancer risk and progression using a novel genome-wide screening
method
PRINCIPAL INVESTIGATOR: Donna Lehman, Ph.D.
CONTRACTING ORGANIZATION:
UT Health Science Center San Antonio
San Antonio TX 78229

REPORT DATE:

October 2012

TYPE OF REPORT:

PREPARED FOR:

Annual

U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT:
Approved for public release; distribution unlimited

The views, opinions and/or findings contained in this report are
those of the author(s) and should not be construed as an official
Department of the Army position, policy or decision unless so
designated by other documentation.

Form Approved
OMB No. 0704-0188

REPORT DOCUMENTATION PAGE

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the
data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of infor mation, including suggestions for reducing
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 222024302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently
valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY)

1 October 2012

4. TITLE AND SUBTITLE

3. DATES COVERED (From - To)

2. REPORT TYPE

Annual

15-09-2011 – 14-09-2012

5a. CONTRACT NUMBER

Assessing the role of copy number variants in prostate cancer risk and progression
using a novel genome-wide screening method.

W81XWH-09-1-0694
5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER
6. AUTHOR(S)

5d. PROJECT NUMBER

Donna Lehman, Ph.D.
August Blackburn
Robin Leach

5e. TASK NUMBER
5f. WORK UNIT NUMBER

lehman@uthscsa.edu
7. PERFORMING ORGANIZAT ION NAME(S) AND ADDRESS(ES)

8. PERFORMING ORGANIZAT ION REPORT
NUMBER

AND
ADDRESS(ES)
University
of Texas Health Science
Center
Office of Grants Management
7703 Floyd Curl Drive
San Antonio TX 78229-3901
9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES)

10. SPONSOR/MONITOR’S ACRONYM(S)

U.S. Army Medical Research and
Materiel Command
Fort Detrick, Maryland 21702-5012

11. SPONSOR/MONITOR’S REPORT
NUMBER(S)

12. DISTRIBUTION / AVAILABILITY STATEMENT

Approved for public release; distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

Individual copy number variations in the genome may play a substantial role in influencing trait variation, yet due to techni cal
limitations they have been understudied. We have performed the first genome-wide association of copy number variants and
risk for prostate cancer in Mexican Americans. We found a highly protective deletion on 8q24 which is present in Mexican
Americans but extremely rare in Caucasians. Due to the strong effect of this deletion, this discovery has implications for
prostate cancer risk assessment and for understanding the etiology of prostate cancer. This variant warrants further study. We
have also identified a rare 900 bp deletion in the PTEN gene to be associated with increased risk for prostate c ancer. These
data support our hypothesis that heritable structural variation may affect risk for PCa and/or its progression. Moreover, these
variants may be unique to ethnic population and underscores the need to investigate genetic risk in multiple populations. As
genes are identified from these studies, they may prove to be both useful biomarkers for early diagnosis and/or excellent
therapeutic targets for both prevention and treatment of prostate cancer.

15. SUBJECT TERMS

Heritable copy number variation, prostate cancer, Hispanic
16. SECURITY CLASSIFICATION OF:
a. REPORT

U

b. ABSTRACT

U

17. LIMITATION
OF ABSTRACT
c. THIS PAGE

U

UU

18. NUMBER
OF PAGES

6

19a. NAME OF RESPONSIBLE PERSON

USAMRMC

19b. TELEPHONE NUMBER (include area
code)

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39.18

Table of Contents

Page

Introduction…………………………………………………………….………..…..

1

Body…………………………………………………………………………………..

1

Key Research Accomplishments………………………………………….……..

2

Reportable Outcomes………………………………………………………………

2

Conclusion……………………………………………………………………………

3

References…………………………………………………………………………….

3

INTRODUCTION
Prostate cancer is known to have a strong genetic component. Thus, the identification of the heritable
genetic alteration(s) that precedes or increases susceptibility to somatic cancerous changes in the
prostate could likely lead to improved identification of high risk individuals for early screening and
possibly to new treatment strategies. Recently, it has become apparent that structural variation
comprises similar diversity of human genomes as SNPs and may play a significant role in disease
susceptibility and resistance. The goal of this research project is to screen the entire autosomal
genome for copy number variation (CNVs) in constitutional DNA to assess their role in risk of
development of prostate cancer and then evaluate any direct effect on the prostate. Growing evidence
from our study and others indicates that these genetic factors may be rare and numerous and,
importantly, unique to the different ethnic populations. The differences in these genetic risk factors may
partially explain the ethnic disparities in incidence of prostate cancer. This study is one of few
examining genetic risk factors among the Mexican American population.
BODY
We have genotyped prostate cancer cases and elderly hyper-normal controls of Mexican American
descent from the San Antonio Biomarkers or Risk (SABOR) cohort for ~750,000 markers across the
genome using the Illumina OmniExpress assay. The average age of cases genotyped was 60.36 ± 6.36
years and the average age of controls was 70.89 ± 5.93 years. The groups did not differ in admixture
estimates based upon the individual measures that were previously calculated for this cohort.1 We
identified 462 CNVs which were polymorphic in at least 2 individuals. 7 of 8 CNVs which were
nominally associated (<0.05) with prostate cancer status were genotyped in additional cases and
controls. A rare non-recurrent 8486 base pair deletion on 8q24 (distinct from the MYC locus) was
associated with decreased prostate cancer risk in 989 Mexican American men (Odds ratio 0.20,
p=0.02). Only 3 of 1530 Caucasian subjects carried the deletion, indicating that this deletion is not likely
to affect risk in the Caucasian population. (Figure 1)

The deleted sequence contains a putative conserved
transcription factor binding site for NKX3.1. NKX3.1
is an androgen regulated homeobox gene involved in
prostate cancer development, is required for stem
cell maintenance, and marks the luminal epithelial
cell that is the cell of origin for prostate cancer2.
Unfortunately NKX3.1 is not expressed by
lymphocytes so functional analyses as described in
Task 2 would not be informative for this CNV. In
addition, the deletion variant appears to reduce risk
for PCa, so follow-up as described in Task 3 in which
prostate tumors were to be examined is not relevant
for this CNV. Other assays will be needed to
determine the functional significance of this variant.
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During this past year we have taken further steps to identify CNVs in our cohort. Using the
newly released program IMPUTE2.23, the 1000 Genomes project reference panel, and our SNP
genotyping data, we have imputed known CNVs in our samples. We used allelic association in the
program PLINK to test for association with cancer status. In total, 3725 CNVs with minor allele
frequency (MAF) >0.01 were identified and tested. None of the 760 common CNVs with MAF >0.1
were significantly associated. Among the rare CNVs that were nominally associated with prostate
cancer status, the most significant to fall within a gene is a 900 bp deletion in the gene PTEN. Using
the imputed genotypes, 9 of 96 cases and 0 of 92 controls carried the variant (p=0.00328). We
sequenced the 9 samples bearing the deletion to identify the precise breakpoints and determined the
proximal breakpoint to be 57-59 bp from exon2 of PTEN. We then genotyped all 626 Mexican
American SABOR samples (433 controls, 193 cases) using qPCR. The original genotype imputations
were confirmed and 17 additional subjects were identified as bearing the CNV. In total, 12 cases and
14 controls carried the deletion (OR 2.44 95%CI:1.08-5.51, p=0.032, logistic regression adjusting for
age). Notably, the controls bearing the deletion were significantly younger than controls not harboring
the variant (53.3 yr vs. 60.2, respectively; p=0.002) which leaves the possibility of conversion to PCa
early for these men. We are in the process of conducting a survival analysis for this variant with PCa
status as the outcome variable. In addition, we can now proceed with Task 3 to examine prostat e
tumors of bearers of this variant (and 2 others) that appear to increase risk for PCa.
Another critical step in the identification and reporting of genetic variation in relation to PCa is to
replicate our discoveries in other cohorts. As mentioned, few genetic studies are being conducted
among the Mexican American population. We are reaching out to colleagues to identify such cohorts
and carry out replication studies. We are also applying multiple methods to conduct rare variant burden
testing in our cohort. The area of rare variant analyses is one of intense research which we are
involved in and following.
Replication work of reported heritable CNVRs and risk for PCa
In addition to performing CNV discovery in the SABOR cohort, we continue to utilize this resource to
examine and validate CNVs that have been reported by other research groups. During this project
year, Demichelis et al. reported on the identification of rare CNVs at 15q21.3 and 12q21.31 that were
associated with prostate cancer risk among men of Caucasian origin. 4 As before, we tested whether
this finding could be confirmed in the Hispanic Caucasian subjects of the SABOR and PREF. In total,
we tested 6 of the reported CNVs and none were associated with prostate cancer in the SABOR.
Three of these rare variants were nonpolymorphic in this population.
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CONCLUSION
We have performed the first genome-wide association of copy number variants and risk for prostate
cancer in Mexican Americans. We found a highly protective deletion on 8q24 which is present in
Mexican Americans but extremely rare in Caucasians. Due to the strong effect of this deletion, this
discovery has implications for prostate cancer risk assessment and for understanding the etiology of
prostate cancer. This variant warrants further study. We have also identified a rare 900 bp deletion in
the PTEN gene to be associated with increased risk for prostate cancer. These data support our
hypothesis that heritable structural variation may affect risk for PCa and/or its progression. Moreover,
these variants may be unique to ethnic population and underscores the need to investigate genetic risk
in multiple populations. As genes are identified from these studies, they may prove to be both useful
biomarkers for early diagnosis and/or excellent therapeutic targets for both prevention and treatment of
prostate cancer.
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