
Abstract. Background: We hypothesized that ancestry-
mediated methylated DNA changes may drive racial and
ethnic disparity in prostate cancer (PCa). To test this
hypothesis, we analyzed genetic ancestry and association with
DNA methylation changes in PCa disparity. Materials and
Methods: Pyrosequencing and ancestry informative markers
were used for DNA methylation and genetic ancestry testing,
respectively. Results: Using Spearman rho rank correlation
test, the data demonstrated significant (p<0.05) and variable
association between African-American ancestry and DNA
methylation for all genes investigated in prostate tissues.
Conclusion: Genetic ancestry influences DNA methylation and
this modifying factor must be considered in epigenetic
association studies in populations of admixed patients. 

Several epidemiological studies show that African-American
(AA) men or men of African ancestry suffer disproportionate
prostate cancer (PCa) incidence and mortality rates compared
to European-American (EA) men (1, 2). Data from autopsy
studies have shown greater incidence of high-grade prostate
intraepithelial neoplasia and PCa in AA men compared to
age-matched EA counterparts (3, 4). In addition, several
reports indicate that AA patients exhibited greater tumor
volumes compared to similarly staged EA patients (3, 4). The
disparity in PCa incidence and mortality rates is believed to

be a complex combination of socioeconomic factors,
lifestyle/environmental exposures and biology (5). The latter,
including dietary choice, particularly the greater
consumption of meat (6) and fat intake among AA men (7),
may potentially contribute to increased risk of PCa and the
more aggressive nature of the disease seen in AA men.
However, after adjusting for socioeconomic factors and other
exposures, the rate of PCa incidence in AA men is still
disproportionate (5). Thus biological differences account for
a significant part of the disparity in incidence and mortality
for PCa in AA men in comparison to EA men (5). 

Several studies have reported genetic differences, including
mutation, loss, and amplification of chromosomal regions,
contribute to the disparity of PCa risk between AA and EA
men. Recent genomic advances have identified several
markers that correlate with aggressive phenotypes in PCa.
The transmembrane serine protease 2- ETS transcription
factor (TMPRSS2–ERG) fusion results in androgen-regulated
overexpression of ERG, which is thought to play a critical
role in PCa (8). The TMPRSS2–ERG fusion is found in more
than 50% of EA men and in fewer than 30% of AA men with
PCa (8, 9), suggesting a high frequency of the ERG-negative
phenotype in AA men. Comparison of primary tumors from
AA men with those of EA men with similar pathological
characteristics using high-throughput methods such as
comparative genomic hybridization arrays and single-
nucleotide polymorphism (SNP) analysis has identified a
higher loss of frequency at numerous loci including 6q13-22,
8p21, 13q13-14 and 16q11-24 and gains of 7p21 and 8q24
(10). Genome-wide association studies utilizing large
numbers of PCa cases and non-cancerous control samples, in
conjunction with powerful statistical and other computational
tools, has produced robust data for assessing genetic variants
(SNPs) and association with traits or disease in different
individuals or populations. For instance SNPs in genes for
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vitamin D metabolic and signaling pathway, kallikrein-related
peptidase 3 locus and 5-α-reductase type 2 demonstrate
differential frequencies in AA men than EA men and may
play a role in PCa susceptibility or aggressiveness in these
two groups (11-13). Allelic frequencies of several genes in
androgen signaling pathways have been shown to differ in
AA and EA populations (14). However, like susceptibility,
these associations are not consistent. 

In addition to genetic alterations, substantial evidence
exists to support a role for epigenetic defects, such as DNA
methylation changes and histone modifications
(methylation/acetylation), in the development of PCa (15,
16). Epigenetic inactivation of genes in cancer cells is largely
based on transcriptional silencing by aberrant CpG
methylation of CpG-rich promoter regions (17, 18). The CpG
dinucleotide marks are established and maintained by DNA
methyltransferases (DNMTs) which catalyze the transfer of
methyl group from S-adenosyl-methionine to cytosine bases
in CpG dinucleotides, and three active enzymes (DNMT1,
DNMT3a and DNMT3b) have been identified in mammalian
cells (19). Several reports indicate the presence of function-
altering SNPs of DNMT3b, which can cause aberrant
methylation and thereby contribute to tumorigenesis (20). To
date, the most compelling findings are SNPs identified
within chromosome 8q24 locus as genetic susceptibility
factors for individuals of African ancestry with PCa (21).
However, the risk variants are in non-protein coding regions
and the biological mechanisms underlying this association
remain unclear. Here we investigated the importance of
genetic ancestry as a modifying factor in DNA methylation
studies in admixed population of AA and EA men in
contributing to prostate cancer disparity. 

Materials and Methods
Patient samples. This study consisted of a total of 65 prostate tissue
samples from men self-identified as AA consisting of 24 matched pairs
of benign and PCa samples and 41 organ donor samples. The age range
for patients with PCa was between 47 and 75 years old and for the
controls (benign and organ donors) between 17 and 84 years old. This
study was performed with Howard University Institutional Review
Board approval (#IRB-12-MED-75). Pathological characteristics of
these cases are previously described (22, 23). 

Global genetic ancestry. Global genetic ancestry analysis was
performed as previously described (24). Briefly, prostate tissue DNA
samples from a total of 65 patients mentioned above were genotyped
for 100 ancestry informative markers (AIMs) using the Sequenom
MassARRAY iPLEX platform (Sequenom, San Diego, CA, USA).
The AIMs panel consisted of carefully selected autosomal markers
previously identified and validated for estimating continental ancestry
information in admixed populations (25, 26). Individual SNP genotype
calls were generated using the Sequenom TYPER software. A
genotype concordance rate of 99.5% was observed for all markers.
Genotyping call rates exceeded 96% for all individuals included in the
analyses. Individual admixture estimates for each study participant

were calculated using a model-based clustering method as
implemented in the program STRUCTURE v2.3 (27). As the
ancestries of our samples were unclear, we used the admixture model
to determine which estimation of K (number of sub populations) gave
the best fit for the data. We set K from 2 to 5 and ran 100 iterations.
We determined that k=3 had the best fit and used the K=3 estimates
for our analyses. 

Genotyping and DNA methylation analysis. High molecular weight
genomic DNA was isolated from fresh-frozen prostate tissues using
the DNeasy® isolation kit following the manufacturer’s directions
for purification from human tissues (Qiagen, Valencia, CA, USA).
DNA concentration was measured using the Nanodrop
Spectrophotometer (Nanodrop, Wilmington, DE, USA). Analysis of
DNA methylation was carried out for four genes namely NK2
homeobox 5 (NKX2-5), glutathione S-transferase pi 1 (GSTP1),
androgen receptor (AR) and retinoic acid receptor beta 2 (RARB2)
by pyrosequencing as previously described (28). 

Statistical analysis. Correlation analysis was performed using the R
environment for statistical computing (version 3.5.2) with Spearman
method and Spearman’s rho for rank correlation. For each SNP
genotype, tests using the genotypic dominant, recessive and log-
additive genetic models were performed. Odds ratio (OR) and 95%
confidence intervals (CIs) were calculated. Values of p<0.05 was
considered statistically significant.

Results

A total of 65 patient samples were used in this study from
those self-identified as AA men to estimate admixture of
West African, Native American and European ancestry in this
population. We assessed whether individual ancestry
influenced DNA methylation by carrying out correlation
analysis between individual ancestry and promoter
methylation status of NKX2-5, GSTP1, AR and RARB2 genes
(Figure 1). Analysis of African ancestry and DNA
methylation using combined matched normal and prostate
cancer samples demonstrated direct and significant
correlation for NKX2-5 (r=0.43, p=0.001); and RARB2
(r=0.29, p=0.04). In contrast, correlation analysis of African
ancestry and DNA methylation using organ donor samples
demonstrated a significant inverse association between
African ancestry and DNA methylation for only RARB2 gene
(r=−0.34, p=0.046). When we determined whether European
admixture percentages influenced the association, we
observed that for the matched normal and prostate cancer
tissues, EA ancestry was significantly and inversely
associated with NKX2-5 (r=−0.43, p=0.001) and RARB2
(r=−0.28, p=0.04). However, for the organ donor samples,
there was no significant association between the percentage
of European ancestry and DNA methylation levels. When we
tested whether the Native American admixture percentage
influenced the association with methylation in matched
normal and prostate cancer, we observed a significant and
inverse association for AR (r=−0.35, p=0.0344) only.
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Similarly, in organ donor samples, there was significant and
inverse association for RARB2 (r=−0.42, p=0.012). Our
findings of varying correlation pattern between DNA
methylation and ancestry suggests that ancestry is associated
with DNA methylation changes and this is supportive of
previous observations of allele-specific methylation in
prostate cancer (29). 

Discussion

Genetic analysis of PCa indicates that there is no predominant
genetic pathway associated with disease etiology, progression
or disease disparity. Genetic variants such as SNPs are the
most common genetic alterations with biological function that
affect the genome and chromatin organization and ultimately

gene expression at the cellular level and may contribute to
PCa susceptibility and PCa disparity. For human PCa,
abundant evidence has accumulated to suggest that somatic
epigenetic alterations such as DNA methylation may appear
earlier during cancer development than genetic changes, as
well as more commonly and consistently (30). The aberrant
promoter methylation of GSTP1, whose protein product
functions in drug metabolism as a free radical scavenger,
remains the most common somatic genome abnormality
(>90% of cases) reported thus far for PCa, appearing earlier
and more frequently than other gene defects that arise during
PCa development (31), and suggests that CpG
hypermethylation may be particularly important in prostate
carcinogenesis (32, 33). In addition to GSTP1 being frequently
hypermethylated in PCa, over 40 genes have been reported to
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Figure 1. Correlation of genetic ancestry with DNA methylation changes in different racial/ethnic groups. The association of West African (WAfrican);
Native American (NatAm) and European ancestry was correlated with DNA methylation changes in NK2 homeobox 5 (NKX2-5), glutathione
S-transferase pi 1 (GSTP1), androgen receptor (AR) and retinoic acid receptor beta 2 (RARB2) promoter. Significant and direct correlation of DNA
methylation and West African ancestry were observed for NKX2-5 gene (p=0.001) and RARB2 (p=0.04) in the matched normal and prostate cancer
samples. European admixture was significantly and inversely associated with methylation of NKX2-5 gene (p=0.001) and RARB2 (p=0.04) and
Native American admixture was significantly and inversely associated with methylation of AR gene (p=0.034) in the matched normal and prostate
cancer samples. Significant and inverse correlation of DNA methylation and West African ancestry was observed for RARB2 gene (p=0.046) using
organ donor samples, and Native American admixture was significantly and inversely associated with methylation of RARB2 (p=0.012). Spearman
rank correlation rho (r) is reported.



be targets of DNA hypermethylation-associated epigenetic
gene silencing in PCa cells (34). However, few studies that
have reported ethnic/racial differences in DNA methylation.
One study demonstrated that GSTP1 hypermethylation was
significantly higher in PCa samples from AA men in
comparison with EA and Asians (35). Another study found
higher frequency of hypermethylation of cell adhesion
molecule (CD44) in PCa tissues from AA in comparison to
EA men (36), suggesting that inactivation by CpG methylation
may play a role in PCa disparity.

We previously demonstrated significant differences in
DNA methylation at gene-specific promoters and genome-
wide scale and identified the differential methylation of
several regulatory genes including GSTP1, AR, secreted
protein acidic and cysteine rich (SPARC), metallopeptidase
inhibitor 3 (TIMP3), macrophage-stimulating 1 receptor
(MST1R), ATP-binding cassette subfamily G member 5
(ABCG5), small nuclear ribonucleoprotein (SNRPN) and
NKX2-5 in matched samples of prostate tissues from AA and
EA men (28, 37). The few studies on differential epigenetic
changes in AA and EA men, as shown by us and others,
show extensive variation in DNA methylation between
individuals and ethnic groups. These differences arise from
a combination of genetic and non-genetic influences and
potential modifiers by early life, environmental and
inflammatory processes which accumulate over years, with
increased prevalence of DNA hypermethylation at several
gene loci which may affect AA men differently than EA men. 

Integrative analysis of methylation and SNPs has
uncovered widespread allele-specific methylation (ASM) in
PCa, with most DNA methylation changes occurring in the
context of allele-specific methylation to suggest that
variations in tumor epigenetic landscape of individuals are
partly mediated by genetic differences which may affect the
disease progression (29). 

In the present study, we investigated AIMs and the causal
relationship with DNA methylation and PCa disparity. We
found a negative correlation between EA and methylation-
mediated PCa risk, whereas we found a positive correlation
between AA and methylation-mediated PCa. Our findings
suggest that the admixture process influences DNA methylation
patterns and underscore the importance of association studies
in admixed population such as USA AA men. 

Conclusion

The current literature demonstrates the importance of
understanding ancestry-related differences in PCa risk. Most
genetic research work, to date, on PCa has been carried out
using EA samples with very little data on AA men, an under-
studied population and one at a higher risk of PCa in
comparison with any other racial or ethnic population. The
biological consequences of differential DNA methylation

changes are not well established in PCa disparity. The few
epigenetic studies, as reported by us and others for DNA
methylation in different ethnic/racial groups suggests that
variants associated with differential methylation changes in
AA and EA men may lead to differences in tumor biology
and tumor aggressiveness between the two patient groups.
Furthermore, the intriguing association between ancestry and
epigenetic changes illustrates the potential for human
genomics to stimulate more refined scientific questions for
investigating population-specific interactions of lifestyle
environmental, epigenomic and genetic factors in driving
important phenotypes such as disease risk and xenobiotic
response.
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